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Abstract 

A mammoth transformation in energy systems and 

policy making models are required to meet the 

essentials of communities living in rural and remote 

areas and specifically for those that are subject to 

energy as well as economic poverty. Novel models 

must be reflexive to global concerns on climatic 

changes, parallel with social, economic and 

environmental agendas of national, state, as well as 

local governments. The methods also have to be 

compatible with embedded energy infrastructure. 

Decentralized solar power plants are a resilient 

technology which efficiently supports energy 

transformation to economically and socially deprived 

communities yet the deployment of this technology is 

conned by path dependencies including policies, 

business models and set-ups. 

The multi-dimensional perspective can be used to test 

energy transformation within rural and remote 

communities in India and other countries, through 

interviews with regime and top level actors. 

Identification of various stumbling blocks impeding 

successful deployment of Integrated Renewable 

Energy Resources including a aloofness between 

policy makers and implementers, poor coordination 

within and between actors, and limited institutional 

focus. To support a successful transition to stand 

alone -grid Renewable Energy based regimes for 

rural and remote communities; actors suggest strong 

political determination, setting enabling policy 

frameworks, and implementing a collaborative 

ecosystem with businesses, financial intermediaries, 

distribution companies, civic societies and end 

players. 
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Introduction: 

The off grid electrification by use of  Integrated 

Renewable Energy System (IRES) is suggested to 

satisfy the electrical as well as cooking needs of the 

un-electrified villages. Many community based 

scenes are considered during creation of model and 

optimization of IRES to ensure reliability such as 

energy index ratio (EIR) and expected energy not 

supplied (EENS). The optimised system reliability, 

total system cost (TSC)  and cost of energy (COE) 

can also be calculated by introducing the customer 

interruption cost (CIC). The four different renewable 

energy scenarios can be compared. The fourth 

renewable energy scenario summing up to 44.99% 

micro hydropower (MHP), 30.07% biomass, 5.19% 

biogas and 4.16% solar energy along with the non-

renewable resources of wind (1.27%) and energy 

plantation (12.33%) has been found to be the most 

suitable among the different options considered. 

Furthermore, EIR of the fourth IRES system has been 

found to be 0.95 at the optimized cost of around 19 

lakhs with estimated COE of Rs 3.36 per kWh. The 

Cost of Energy obtained using LINGO software and 

HOMER software can also been compared. In order 

to verify feasibility and cost of system for different 

biomass fuel prices, a sensitivity analysis has also 

been carried out and it has been found that the fourth 

scenario is more sustainable than the other considered 

options. 

Extension of the grid has led to generation of electric 

power at the end user facility and has been proved to 

be cost efficient and to an extent efficient, which is 

uneconomic. With added significance on eco-friendly 

technologies the use of micro-hydro, wind, solar, 

biomass and mini non-renewable power plants is 

being explored. This paper presents an extensive 

review on various issues related to Integrated 

Renewable Energy System (IRES) based power 

generation. Issues related to binding-up 

configurations, storage options, sizing 

techniques and system control for energy flow 

management for suitable demands is discussed. For 
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off-grid applications integration of renewable energy 

sources, performed through DC coupled, AC coupled 

or DC–AC coupled configurations which can be 

hybrids, are studied in detail. Based on the 

requirement of batteries in isolated areas, storage 

technology options can be selected for integrated 

systems. Uncertainties and intermittencies involved 

in designing an effective IRES based power 

generation system for stand-alone areas is accounted 

due to highly non-static nature of availability of 

sources and the demand at site. Different types of 

methodologies have been implemented and reported 

in literature for sizing down of the system 

components are presented. Distributed control with 

stand alone grids, centralized as well as hybrid 

control schemes for energy flow management in 

IRES can also be discussed. 

Methodology  
The premier to IRES was Ramakumar [1–5] who 

evaluated the techno-economic calculationsof small-

scale decentralized IRES for already available 

renewable energy sources in the rural areas of 

developing countries. Studies were carried on the 

basis of the broad aspects of energy demands like 

cooking, small-scale industries, irrigation and 

electricity using Cascaded approaches. Ahmed and 

Cohen [6] have found that Integrated Renewable 

Energy Planning (IREP) requires consideration of 

utility systems like supply side, demand side, 

transmission and distribution. A knowledgeable 

approach was suggested by Ramakumar et al. [7,8] to 

zero down to a minimum,  the capital cost using the 

concept of Loss of Power Supply Probability (LPSP). 

Gavanidou and Bakirtzis [9] used a trade risk method 

to compute the optimal sizes of solar photovoltaic 

(SPV) array and battery to get to minimum, capital 

investment as well as for the minimum Loss of Load 

Probability (LOLP) requirement. Ramanathan and 

Ganesh [10] used almostseven energy sources to 

provide lighting in households using an integrated 

goal programming (GP) - Analytic Hierarchy Process 

(AHP) model. Ramakumar et al. [11,12] further 

employed a Linear Programming (LP) approach to 

design IRES, which involved the finding out of 

various resources required for sizing of the devices. 

The objective functions of the optimization were to 

bring to a minimum the total annual cost per year 

subject to energy constraints.  
An Optimum Renewable Energy Model (OREM) 

was proposed by Iniyanet al. [13,14] for the 

maximum utilization of renewable energy sources for 

lighting, cooking, pumping, heating, cooling and 

transportation in India for the period 2020–2021. A 

mathematical model was developed by Ramakumar 

and Chiradeja [15] for renewable energy system with 

distribution system models as well as power flow 

calculations. It was found that injection of diesel 

generator can improve the system voltage profile and 

reduce the losses in electrical transmission line. 

Nakata et al. [16] used hybrid optimization modeling 

for combining renewable energy systems to supply 

electricity and heat in rural Japan. A hybrid energy 

system using various system components was 

developed by Ashok [17] to find an optimal 

combination of components for a typical remote 

village of Western Ghats in Kerala state. The 

optimization model can be solved using non-linear 

constrained optimization techniques to get the 

combination of optimum sizes of components on the 

basis of minimized total life cycle cost. Katti and 

Khedkar [18] have presented a decision support 

technique to optimize generation capacity of wind 

only, Solar Photo Voltaic only and integrated-Solar 

Photo Voltaic-wind power systems for off-grid 

application using weather based model and a simple 

numerical algorithm. Fernandez et al. [19] used the 

optimal mix of renewable as well as conventional 

resources to fulfil the energy needs like lighting, 

cooking and space heating of a rural area of 

Kanvashram, located in PauriGarhwal district of 

Uttarakhand state, India.  

Akella et al. [20] modeled and optimized IRES model 

for Jaunpur block of Uttarakhand state, India. Electric 

Power Delivery Factor (EPDF) has been used for the 

optimization of the system that uses micro 

hydropower (MHP), biomass, solar and wind energy 

resources. It has been found that the optimal modeled 

IRES could provide cost -efficient solution having 

EPDF range from 1.0 to 0.75. A deficit of EPDF less 

than 0.75 is the indication of a unsuitable and non-

feasible model. Diaf et al.[21] developed an optimum 

sizing model with a new concept to supplying wind 

power via uninterrupted power supply to Hybrid 

Photovoltaic/ Wind System (HPWS). This model 

consists of sub-models of system components, 

technical sub-model based on LPSP and economical 

sub-model based on equalized Cost of Energy (LCE). 

Lagorse et al. [22] applied a new concept to supply 

electricity using a hydrogen fuel cell in combination 

with Solar Photo Voltaic battery stand-alone system 

throughout the year. They validated the suggested 

model with different optimization techniques such as 

genetic algorithm and obtained the optimal solution. 
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Kaldellis [23] formulated a methodology to 

maximize Solar Photo Voltaic contribution and 

minimize the cost of electricity generation along with 

the most suitable storage devices available to the 

south- east Mediterranean Sea islands. The results 

clearly state that the proposed system is more cost 

effective and feasible in terms of real-life 

implementation than the existing thermal power 

stations. In view of the above literature review, it is 

revealed that very lesswork is available on the 

supply-demand models and the main motive has been 

on energizing rural areas but not the individual 

village/cluster of villages. Further, no attempts have 

been made to extend the usage of IRES to supply 

electricity to a community cold storage for processing 

the perishable vegetables and fruits apart from 

meeting power needs for domestic purposes. The 

present paper deals with the optimization Iterative 

approaches of different options available in the study 

area considering the reliability worth and COE.  

Available Iterative approaches  
Author Zang et al[56] has considered PV, diesel 

Generator and Battery with COE Indicator and 

Design Constraints involving Generator output 

power, battery SOC. The outcome achieved here that, 

the author has proposed an algorithm for component 

sizing using linear programming. 
Gupta et al [57] has considered Solar Photo Voltaic, 

micro-hydro, biogas and biomass with Total Cost 

optimized indicator. Design Constraints involve units 

generation limits, individual capacity limits and 

battery capacity limits. They have developed a mixed 

integer linear mathematical programming model 

(time-series) to determine optimal resource allocation 

that resources with lesser unit cost. 

Ekren, and Ekren [58] PV, wind, battery with  Hybrid 

system cost Design constraints that have Loss of load 

probability (LLP), autonomy, auxiliary energy unit 

cost . The outcome achieved is Optimizing the sizing 

of PV area, battery capacity and wind turbine rotor 

swept area using the OptQuest tool in ARENA 

software. 

Yang et al. [59] has considered Solar, wind, and 

battery bank energy sources. Design constraints is 

Annualized system cost LPSP.  For calculation of the 

outcome, during cost optimization process, five 

decision variables were considered: PV module 

number, PV module slope angle, wind turbine 

number, wind turbine installation height and battery 

capacity. 

Kellogg et al. [63] has considered Wind, PV and 

Indicator Optimized is Total cost with Design 

Constraint Price per kWh and break even distance 

The outcome has justified the installation of stand-

alone hybrid system by comparison with the line 

extension, supplying the load with conventional 

utility power. 

Ashok et al. [64] has considered the Resources of 

Solar, wind, and micro-hydro; Indicator optimized is 

Total capital cost with Design Constraints of 

Resource availability and equipment; the outcome 

developed a decision support system for the hardware 

design of integrated energy system 

Challenges and future scope  
Although power generation using renewable energy 

sources is sustainable and green, however several 

challenges are still existent in IRES based power 

generation such as  

1. Capital cost of renewable energy products is 

very high as compared to the conventional 

power generation technologies. 

2. Poor efficiency of solar panels is the major 

barrier in its use and a lot of research is in 

process in this direction and Space based 

Solar Power is one option which is a 

breakthrough.  

3. Significant amount of energy is lost in 

energy conversion process using power 

converters. 

4. A persistent need to increase the life cycle of 

storage technologies using novel materials. 

5. Load transients have to be dealt with. 

6. Meeting the peak demands with renewable 

energy resources. 

7. A major concern for the consumer and 

manufacturer is the disposal of storage 

systems. 
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