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Abstract— Suratgarh Super Thermal Power Station (SSTPS) is the first super thermal plant of Rajasthan, India. It has 
installed capacity of 1500 MW of total six unit of each 250 MW and 1320 MW is increases in next two year. This is the 
highest installed capacity in Rajasthan. The purpose of this paper is to propose the best hybrid technology combination for 
SSTPS on behalf of SSTPS to reduced grid extension. Electricity need for an off-grid remote area supply from a mixture of 
Biodiesel generator and renewable energy resources to satisfy in a reliable manner.  Here we are using HOMER (Hybrid 
Optimization of Multiple Energy Resources) software for whole analysis. The electrical power of the hybrid system comes 
from the mixture of biodiesel generator, photovoltaic panels and wind generators, while the batteries are used as backup 
units. Using HOMER, this paper identifies the overall output from hybrid power system is compare with conventional 
SSTPS grid. The simulation results indicate that the proposed hybrid system would be a feasible solution for distributed 
generation of electric power for remote locations. Hybrid system can be a cost-effective alternative to grid extension. Hybrid 
system is sustainable, techno-economically viable and environmentally sound. 
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I. INTRODUCTION 
 
The electrical energy demand increase day by day. In 
all over world about 1.3 billion people in the world 
(or about 1 in 5) without access to electricity in 2010 
[1]. The challenge of providing reliable and cost-
effective services remains one of the major global 
challenges. This problem is not only facing by India 
but also the world in this century. The grid extension 
still remains the preferred mode of rural 
electrification [2]. The grid extension of the central 
electricity grid to geographically remote and sparsely 
populated rural areas can either be financially 
unviable or practically infeasible. Off-grid options 
can be helpful in such cases. 
The purpose of this research work is to find the best 
combination of renewable energy source from the 
available resources in a given remote area location to 
reduced grid extension. We can also find out that 
such a hybrid option is a cost effective solution or 
not. 
In our research work we selected remote area near 
SSTPS i.e. SSTPS colony and four village as 
electrification. Electricity is supply by mixture of 
renewable energy sources and bio-diesel generator. 
First, we identify the available resources, model 
electricity generation based on multiple combinations 
of renewable energy source. Secondly, we used 
HOMER software and obtain the best Simulink result 
of hybrid power systemgrid extension on the basis of 
cost of electricity generation and then compare their 
performance. Another advantage using of Renewable 
energy sources in hybrid power system, the total CO2 
emission is reduced comes from SSTPS if gird 
extension.  

II. METHODOLOGY 
 
2.1 HOMER software: 
The HOMER software developed by National 
Renewable Energy Laboratory (NREL)  for designing 
hybrid power systems but complements it by 
undertaking HOMER analyses. This is indicated in 
Fig. 2(a). 
 

 
Fig. 2(a):- Framework of analysis 

 
In the HOMER analysis, a detailed assessment of the 
remote area load, site layout and available resources 
in the selected remote area is conducted. This is 
carried out outside HOMER and data is fed into the 
software. In the HOMER analysis the hybrid system 
is designed, followed by a techno-economic analysis. 
It compares a wide range of equipment with different 
constraints and sensitivities to optimize the system 
design. The analysis is based on the technical 
properties of the system and the life-cycle cost (LCC) 
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of the system. The LCC comprises of the initial 
capital cost, cost of installation and operation costs 
over the system’s life span. HOMER performs 
simulations to satisfy the given demand using 
alternative technology options and resource 
availability. Based on the simulation results, the best 
suited configuration is selected [3]. 
We have considered a combination of the following 
technologies biodiesel generator, wind turbine, solar 
PV cell array systems and batteries for back-up (see 
Fig. 2(b) for a schematic system configuration 
diagram). In the hybrid system the bio-diesel 
generator, wind turbine is AC-coupled on AC side of 
the network and the solar PV cell array and the 
batteries are connected to its DC side. 
 

 
Fig. 2(b):- Schematic system configuration 

 
In our research, Renewable energy source making the 
whole system a sustainable, clean and carbon neutral 
system. Renewable energy sources not only for the 
purpose of electricity generation but also for working 
effectively towards green-house gases emissions 
mitigation by not burning fossil fuels. 
 
2.2 System Modeling: 
In our research we selected off-grid remote areas 
which are near to SSTPS. First,we assume that all 
remote area load are to be disconnected from SSTPS 
and Second, remote area electrified by hybrid system. 
In our proposed model simulate hybrid system near 
SSTPS rural area. 
This research work is doing on behalf of SSTPS to 
find out hybrid system is economical on not and grid 
extension is necessary or not. 
In our research we calculate hybrid system is 
economical or not if we electrified some remote area 
are electrified by renewable energy sources on the 
behalf of SSTPS.  
The details of off grid remote area are listed in table 
2.2 show in below: 

Table 2.2:- Off-grid remote rural areas distance from 
SSTPS 

 
*sourcesof distance according to Google map data  
 
The Google map satellite view ofSSTPS and selected 
off-grid remote rural areas villages near SSTPSshow 
in below figure 2.2(a): 
 

 
Fig. 2.2(a):- Location of off-grid remote rural areas 

*Google map 
Load assessment: 
In a remote rural village the demand for electricity is 
not high compared to urban areas. Electricity is 
demand divided into two parts 

 Domestic use (for appliances like radio, 
compact fluorescent lamps, ceiling fans, and 
table fans etc.)  

 Agricultural activities (such as water 
pumping). 

 
In our research, the village energy requirement is 
carefully estimated considering existing load profile 
data available in state government records. We have 
also consulted previously published literature on 
Indian villages and triangulated with expert opinions 
and personal judgments. 
 

(A) Domestic use: 
The demand has been estimated separately for two 
distinct seasons prevailing in this area, namely 
summer (April to October) and winter (November to 
March) considering the appliance holding and use 
patterns for households[4] show in below table 2.2(a): 
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Table 2.2(a):- Estimated electricity demand for off-grid remote area 

 
*Source of number of household according to census data of Govt. of India in 2011. 

*All demand of villages as per SSTPS electricity supply data. 
 

(B) Agriculture activities: 
The total agriculture and irrigation load for all five 
rural areas is 800kWh/day.  
= 65unit pump* 8 hours/day*1500 Watt 
= 780000watt-h/day 
=780 kWh/day 
*3-phase supply in Rajasthan 8 hours /day  according 
to Govt. of Rajasthan. 
The agriculture and irrigation load near constant for 
all five areas in both seasons because of irrigation 
based on Indira Gandhi canal. 
 
2.3 Resource Assessment: 
We have considered solar, wind and biodiesel 
generator resources in this simulation. The solar 
resource and wind turbine used for remote area at a 
location of unusable land near to SSTPS. The 
monthly average temperature and wind resource data 
from an average of ten years was taken from the 
above NASA resource website based on the longitude 
and latitude of the remote area location. Climate 
condition for hybrid power system show in below 
table 2.2(b): 

Table 2.2(b):- Climate condition for hybrid power 
system 

 

 
*According to NASA USA. 
 
In this HOMER analysis, bio-diesel generator, solar 
PV cell array and wind turbines are the intermittent 
resources and the battery is kept for backup. Batteries 
and Converter are for storing, converting electricity 
respectively. The grid connection in this study is only 
used as a comparison for the analysis and 
determination of the economic distance to grid. 
 
III. ECONOMICAL MODELING: 
 
Our aims to minimize the total net present cost both 
in finding the optimal system configuration and in 
operating the system. All economic calculations are 
in constant dollar terms. 
The project’s lifetime is considered to be 25 years 
with an annual discount rate of 10%.The system fixed 
capital cost and the system fixed O&M cost is show 
in given below table 3. The system fixed capital costs 
include various civil constructions, logistics, labor 
wages, required licenses, administration and 
government approvals and other miscellaneous costs. 

 
Table3:- System various cost  

 
 

IV. RESULTS AND DISCUSSION 
 
This section presents the results of our analysis. First, 
the Optimization results are presented. Second, the 
emission reduction is calculated. Hybrid power 
system components for our case study show in below 
table 4(a) system architecture 

Table 4(a):- Sources and their capacity forSystem 
Architecture 

 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-4, Issue-8, Aug.-2016 

Modeling of a Hybrid Power System For Economic Analysis and Environmental Impact to Reduced Grid Extension of Suratgarh Super 
Thermal Power Station: An Application of Homer 

 
38 

The total electricity generation by hybrid system 
2117,988.00 kWh/yr, total demands1459,997.00 
kWh/yr and variation of avg. AC primary load 
demand over the different month show in below 
figure 4(a). The excess electricity 6, 16,777.00 
kWh/yr of electricity which is 29.1% of total 
electricity generated goes unused due to low demand 
and is fed to dump loads. In a particularly high in 
summer months, shows that this system has the 
capability in meeting the demand growth in the 
future. The contribution of renewable energy sources 
in hybrid system show in below table 4(b).The solar 
PV cell array plants, bio-diesel generator plant and 
wind turbine plant contribute 33.69%, 63.86% and 
2.45% respectively to electricity generation. 
 

Table 4(b):- Electricity generation by different 
sources 

 

 
Figure 4(b):- Avg. AC primary load in various month 

 
The monthly distribution of the electricity produced 
in kW by the wind turbine, PV cell array and 
biodiesel show in below figure 4(b). Production from 
January to December, the biodiesel generator is 
mostly used combined with PV cell array and peak 
load in peak month is met by wind turbine. 
 
 

 
Fig 4(b):- Monthly average electric production by hybrid system 

  
The total net present cost (NPC), levelized cost of 
electricity and operating cost for hybrid system show 
in below table 4(c). According to optimization result 
of hybrid system the levelized cost of electricity 
(LCOE) for hybrid power system$44.00.  So that the 
cost of electricity (COE)for hybrid system 
$0.03577/kWh or Rs. 2.1825 (where 1$ = Rs. 65 
rupees) is cheaper than the cost of 
electricity$0.0710/kWh or Rs. 4.615 for 250MW 
single unite ofSSTPS[5].Therefore grid extension 
does not appear to be a viable option to meet the 
village load.  
 

Table 4(c):- Total NPC, LCOE and operating cost 

 
 

Emissions: 
The optimal hybrid power system would save 
623,464.00 kg/yr of CO2 over one year show in 
below table 4(d).In addition, emission of particulate 
matters and nitrogen oxides will be reduced due to 
reliance on renewable energy systems. In hybrid 

system we used B100 bio fuel for bio-diesel 
generator. 
 

Table 4(d):- Emission reduction 

 
 
Based on the above analysis, it can be concluded that 
a hybrid system becomes a viable option in an off-
grid location in India. 
 
CONCLUSION 
 
Our research for a technically feasible and 
economically viable hybrid solution for off-grid 
electricity supply to a remote village resulted in a 
least-cost combination of wind turbine, solar PV cell 
array, bio-diesel and batteries. Hybrid system can 
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meet the demand in a dependable manner at a cost of 
$0.0.03577/kWh. 
The main lessons from this case study are:  
 A combination of technologies improves supply 

reliability and hence makes better business sense. 
 The cost of supply of renewable-energy based 

electricity may not always be a cost effective 
option for remote applications. If fixed cost of 
hybrid power system and fuel cost of bio-diesel 
is increases. 

 Economically viability is increases along with 
increase in number of villages. 
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