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Abstract: This study proposes optimization and economic analysis of standalone PV-Biomass and Hydel as a hybrid energy system
that also includes diesel generator and battery array as back up source of power. This off-grid system serves the electrical energy
demand of a rural location which further reduces the dependency on conventional fossil fuel generation that induces high cost of
energy and results in increased carbon contents emission. State of the art tools like Hybrid optimization model of electric renewables
(HOMER) have brought new opportunities for utilization of renewable energy sources. A hybrid optimization model for renewable
energy is used to determine the optimum configuration of the proposed off-grid PV-Biomass-Hydel energy system with minimum
net present cost (NPC) and levelized cost of energy (LCOE) while minimizing total annualized cost of the system. Analysis of the
result shows that off grid PV- Biomass and Hydel hybrid energy system with Diesel generator and Battery system is economical and
secure for rural electrification.
Keywords: HOMER, Hybrid energy system, Levelized cost of energy, Net present cost, Annualized cost.

Section 1
Introduction
As a developing nation India’s energy demands
are increasing exponentially. To meet energy demands
conventional sources of energies are limited, costly and
will exhaust with time. To tackle this state of condition
renewable energy sources may prove a feasible
solution. Nearly, 346 GW power generation capacity
has been installed in India until October 31, 2018.
Coal, gas and oil fuel combustions are main
contributors, approximately 64%, of the total
generation while share of generation from renewable
sources is around 21% which include PV, Biomass,
small hydel and wind energy. During peak load hours
there is still 2% unmet loads and in summer the
conditions becomes worse as the electrified villages
also have to face unscheduled electricity cuts [1, 2]. As
a crop rich state Punjab (India), has a vast amount of
agriculture residue or waste, which is having high
potential to generate energy but due to lack of adequate
planning and improper handling of agriculture wastes
this potential remains untapped. It is estimated that
40.142 Metric tons of biomass are left behind every
year in Punjab. About 71% of this waste is used in
different forms and rest may be used for biomass
generation. Such huge amount of waste can generate

around 1.4 GW capacity of power [3, 4]. The
inefficient handling of crop residue has become a
matter of huge concern for India. After each crop
ending season, stubble burning causes increase in fine
dust particles to spread over the whole northern India
and causes atmosphere pollution [5].
Renewable energy sources based hybrid systems
are recognized as one of the important options as clean
source of energy in supply side planning for
microgrids. While designing an optimal system in
terms of reliability and profit of microgrid Lei et al. [6]
presents optimal design of capacity configuration,
which could fulfil the power demand. In terms of
economic and environmental aspects Baharozu and
Soykan [7] designed a small scale smart microgrid.
Potential of Biomass and PV energy resources for rural
electrification cannot be disregarded as numerous
researchers have been exploring the feasibility of
Biomass and PV based energy systems for rural
electrification in recent years. Optimal solution consists
with minimum cost of energy, less emissions and high
reliability is presented in [8].
HOMER’s high level capability in simulating a
micro-power system with long term operations,
optimization and sensitive analysis attracts the
researchers, HOMER software is used by [9-14]
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various researchers for designing, optimizing and to
evaluate wide variety of configurations for various
Hybrid energy system. To meet the energy demands of
rural locations possible potential of micro hydro power
plants are used in [15-18] while designing various
feasibilities technically and economically are
considered. This paper analyzed various factors as
discussed above and their impact on the proposed
energy hybrid system. The main intent of this work can
be summarized as follows:







Planning, Optimization and economic analysis of
off-grid Renewable hybrid energy based microgrid
while taking various system configurations with
pragmatic inputs on their economic, operating and
physical characteristics.
Finding feasibility of components and their
optimal size with least Net Present Value (NPV)
and minimum levelized cost of energy (COE)
while minimizing total Annualized cost of the
system.
Appropriately decide Hybrid System configuration
by performing various sensitive analysis for
different parameters.
Compare overall benefits in terms of economy and
size with existing microgrids.

This paper is organised in V sections: Section I
represents the overview of Hybrid Energy system
design, optimization and economic aspects. Section II
describes the problem formulation. Section III briefly
discusses off-grid system having PV-Biomass-Hydel
and input data required, Section IV presents different
case studies considering off-grid having PV-BiomassHydel hybrid systems, results are presented and
discussed. Section V contains the conclusion and future
scope followed by references.

𝐶𝑎𝑛𝑛,𝑡𝑜𝑡 = 𝐶𝑅𝐹(𝑖, 𝑅𝑝𝑟𝑜𝑗 )𝐶𝑁𝑃𝐶,𝑡𝑜𝑡

(1)

where:
CNPC,tot the total net present cost of system[Rs.]
i

the annual real discount rate [%]

Rproj

the project lifetime [yr]

CRF

a function returning the capital recovery
factor.

HOMER calculates the annual real discount rate
from the “Nominal discount rate” and “Expected
inflation rate” inputs as shown by (2). It uses this real
discount rate to calculate discount factors and
annualized costs.
𝑖=

𝑖 ′ −𝑓

(2)

1+𝑓

where:
i'

nominal discount rate (the rate at which you
could borrow money)

f

expected inflation rate.

The capital recovery factor function as given by
expression (3) used to calculate the present value of
annuity.
𝑖(1+𝑖)𝑁

𝐶𝑅𝐹(𝑖, 𝑁) = (1+𝑖)𝑁

−1

(3)

where:
N

number of years.

The expression for Levelized cost of energy
(COE), is given in (4).
𝐶𝑂𝐸 =

𝐶𝑎𝑛𝑛,𝑡𝑜𝑡

(4)

𝐸𝑠𝑒𝑟𝑣𝑒𝑑

where:
Section II
Problem Formulation
All the system configurations have been classified
in the optimization results on total net present cost
using HOMER [19]. It computes the total annualized
cost and the levelized cost of energy (LCOE) and total
NPC by adding the total deducted cash flows in every
year of the project lifespan. Main economic output of
HOMER is Net Present Cost (NPC) of system, which
is the present value of all the costs like initial
investments, replacement costs, operation and
maintenance costs, fuel costs, emission penalties and
other miscellaneous costs in a standalone system, the
system incurs over its lifetime and subtracts the present
value of all the profits it earns. The total annualized
cost is calculated using the annualized value of the total
net present cost, which can be evaluated as follow:

Cann,tot

total annualized cost of the system[Rs./yr]

Eserved

total electric load served[kwh/yr]

Salvage value (S.V) for the system components
calculated by HOMER is given by (5).
𝑆. 𝑉 = 𝐶𝑟𝑝𝑐 .

𝑅𝑒𝑚𝑙

(5)

𝑅𝑐𝑙

where:
Reml

component remaining life at end of project
lifetime.
𝑅𝑒𝑚𝑙 = 𝑅𝑐𝑙 − (𝑅𝑝𝑙 − 𝑅𝑟𝑐𝑑 )

(6)

where:
𝑅𝑟𝑐𝑑

replacement cost duration
𝑅𝑟𝑐𝑑 = 𝑅𝑐𝑙 . 𝐼𝑛𝑡. (

𝑅𝑝𝑙
𝑅𝑐𝑙

)

(7)
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Table-1: Calculated Average Load Demand

where:
𝐶𝑟𝑝𝑐

cost of replacement [Rs.]

𝑅𝑐𝑙

lifetime of component [yrs]

𝑅𝑝𝑙

lifetime of project [yrs]

𝐼𝑛𝑡 function which returns integer amount of real
number.

Energy consumed in
each house

No. Of
Houses

Total energy consumed (in
kWh/day )

(in kWh/day)
43

11

473

60

7.5

450

35

4

140

Total
Houses=138

Section III
System under Consideration and Input data
The plan proposed is for a small village Mandhaur
near Sirhind, Punjab having coordinates of 300 37.12’N
latitude and 760 20. 20’ E longitudes is presented in this
paper. Village Mandhaur is situated on the bank of
Bhakra canal. Daily load profile for this village is
shown in figure 1.

Fig. 1: Daily Load Profile

Monthly load profile for the village is shown in
figure 2. Village has higher load demand during
summer season that is from month of April and
maximum load demand occur during month of July.

No. Of Shops

1063 kWh/day
Energy Consumed in
Each Shop

Total Energy consumed (in
kWh/day )

(in kWh/day)
4

6.7

26.8

Total energy consumed is

1063+26.8=1089.8
kWh/day

The village has approximately 138 houses and 4
shops. Energy consumption of all the houses is not
uniform. The average daily electrical demand is
calculated as in Table 1.Total energy consumed by 138
houses is 1063 kwh/day and by 4 shops is 26.8
kwh/day. Hence the total load demand of the village is
taken as roughly 1090 kWh/day. Considering that the
main occupation in this village is farming, biomass and
hydel sources of energy are proposed for the hybrid
energy system. Biomass availability in the area is
approximately 4 tons which includes animal wastes and
crop residues. In addition, the village being located
near a canal, potential of the microhydel will be
significant. Hence, the proposed solution is a PVBiomass-Hydel hybrid system as a part of site plan.
A. Resource data and model inputs
The Renewable energy supply alternatives in the
proposed hybrid off-grid system are Solar PV array,
Biomass, Hydro turbines, battery bank, diesel generator
and AC/DC converter are shown in figure 3.

Fig. 2: Monthly load Profile

Fig. 3: Available Portfolio of Hybrid System

E-mail: shallysingh50@gmail.com, saurabh@nitkkr.ac.in

http://journals.uob.edu.bh

Sarabjeet Singh & Saurabh Chanana: Optimization and Economic analysis of standalone hybrid …

56

B. Solar resource
For the proposed site plan, solar resource data is
taken from NASA surface metrology website [20]. For
this region, the annual average radiation is 5.44
kWh/m2/day. Average Solar radiation for whole year
and clearness index of this location is shown in figure
4.

40kW power plant [21] sufficient biomass is easily
available in a village. In the proposed region
availability of biomass is 4 tons per day [22]. It is
estimated that to produce 1kWh of electricity roughly
1.2–1.5 kg biomass is needed. Biomass price, includes
transportation and labour charges in the region is
approximately Rs.3 per kg ($1=Rs.70 approx.).
D. Hydel resource
As an energy potential, hydel energy sources
cannot be neglected. The proposed site plan is also
located on the bank of Bhakra Main line (BML) Canal
which is used as a source of drinking and irrigation
purpose. Capacity of this canal is 12455 Cusec (1
Cusec=28.37 L/sec) [15] and from [16] it is very much
clear that a minimum discharge of 0.072 m3/sec can
produce 31.81 kW of power, so economically and
technically it may also be a part of the system to
achieve the load demand of the region.
E. Component Costs

Fig. 4: Solar Radiation Profile of Proposed Site

Average solar radiation and clearness index for
each month is given in Table-2 for the proposed site
plan. With change in season there is variation in
average solar radiation, minimum daily radiation 3.450
kwh/m2/day occurs in the month of December and
maximum daily radiation 7.420 kwh/m2/day occurs in
the month of May

Cost of PV module, biomass gasifier, hydro
turbine, diesel generator, converter and battery in terms
of capital cost per kw, replacement cost per kw and
maintenance cost per kw, are presented in Table-3.
Lifetime of each component in years/hours is also
presented in the same.
Table 3:Component Costs

Component

Capital
cost per
kw ,Rs

Replacement
cost per
kw, Rs

Maintenance. cost
per kw

Lifetime

PV module
[23]

70000

63000

Rs100/yr

25 yr

Biomass
gasifier
[23,24]

70000

63000

Rs.35/hr

20000hr

Hydro turbine
[16]

400000

400000

Rs 8000/yr

25 yr

Diesel Gen.
[10]

35000

35000

Rs.5/hr

15000hr

Converter [10]

47000

47000

Rs.0

15 yr

Battery [10]

10000

10000

Rs.135/yr

10 yr

Table 2: Average solar radiation and clearness index profile
Month

Daily Radition
(kwh/m2/day)

Clearness index

January

3.570

.614

February

4.610

.653

March

5.710

.656

April

6.810

.668

May

7.420

.668

June

7.120

.623

July

5.890

.524

August

5.460

.520

September

5.620

.612

October

5.290

.703

November

4.320

.710

December

3.450

.636

C. Biomass resource
Inefficient handling for the agriculture residues and
cow dung in the rural parts of Punjab leads to stubble
burning and environment pollution. Further no
utilization of available resources is done. To operate a

Section IV
Results and Discussions:
Data for Hybrid PV-Biomass and hydel energy
system is feed to HOMER tool and results of
simulation and economic analysis are presented in this
section. Different scenarios have been considered for
figuring out the optimal value of each supply options.
A. Comparison of various cases
All available sources are used in Case-1 to meet
the load demand while Case-2 completely relies on
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renewable sources by excluding the Diesel generator
(DG), again in Case-3 DG mixed with renewable
options is considered while there is exclusion of microhydel from the system and in Case-4 configuration is
considered by excluding both DG and micro-hydel
from the system. All the scenarios in terms of size of
various components are presented in Table-4.
Table 4: Sizing of Components
Component

CASE-1

CASE-2

CASE-3

CASE-4

Diesel Gen, kW

30

0

30

0

Solar PV, kW

338

370

414

442

Biomass Gen.,
kW

170

170

170

170

Micro Hydel, kW

11

11

0

0

Converter, kW

143

180

152

173

Battery Numbers

1906

1908

2581

2308

57

Scenarios is presented. Most economical among
all scenarios is case-1 where diesel generator and all
renewable energy sources are operated together. This
system has least values for NPC, Annualized Cost,
Levelized cost of energy, Operating cost and Initial
investment as compared with all other cases. Levelized
cost of energy in case 1 is also lower than other studies
[10,13].In case-2 operating cost is less due to use of all
renewable sources but all other costs are high. In case 3
due to exclusion of Hydel source and in case 4 due to
exclusion of Hydel source and diesel generator
levelized cost of energy and operating costs are very
high in both cases. All other costs in case3 and 4 are
also too high due to increase in number of PV and
battery array.

In Table-5 comparison of various costs like net
present cost, annualized cost, levelized cost of energy,
operating cost and capital cost in different.
Table-5: Comparison of various cost components

Fig. 5: Cost Type Case 1

Item

CASE-1

CASE-2

CASE-3

CASE-4

Net
Present
Cost

Rs.108M

Rs.110 M

Rs.124 M

Rs.127 M

Rs.6.2M

Rs.6.3M

Rs.7.1M

Rs.7.2M

Rs.

Rs.

Rs.

Rs.

15.56

15.92

17.89

18.28

Rs.

Rs.

Rs.

2.37 M

2.35 M

Rs.
2.82M

3.02M

Rs.66.4
M

Rs.69.3
M

Rs.74.9

Rs.74.1

M

M

(M Rs.)
Annualized
Cost
(M Rs.)
Levelized
Cost of
Energy,

Fig. 6: Cost Type Case 2

(Rs./Kwh)
Operating
Cost
(MRs/year)
Intial
Capital
Cost
M Rs.)

Fig. 7: Cost Type Case 3

E-mail: shallysingh50@gmail.com, saurabh@nitkkr.ac.in

http://journals.uob.edu.bh

58

Sarabjeet Singh & Saurabh Chanana: Optimization and Economic analysis of standalone hybrid …

Fig.11: Cost component Case 3
Fig. 8: Cost Type Case 4

Figures 5-8 show cost type of the system. Cost
type includes capital cost, operating cost, replacement
cost, salvage value and fuel cost of the system. In
figure 5, cost type of case 1 are presented where capital
costs and replacement costs are less as compare to
other cases. In figure 6, operating cost and fuel costs of
case 2 are less as compare to others. Figure 7 and
figure 8 of case 3 and 4 shows high capital costs and
replacement costs due to increase in number of battery
array. Salvage value in case 4 is higher as compare to
all other scenarios.

Fig.12: Cost component Case 4

Figures 9-12 show cost of components used by
system in all scenarios. Components include 10 kw
Genric turbine system, Genric 1 KWh Lead Acid
(Battery), Genric Biogas Generator, Genric Flat Plate
PV, Genric Medium Genset (Diesel Generator) and
System converter. Costs of almost all the components
are less in case 1 as compare to all other cases , as the
size of components is less in case 1.

Fig.9: Cost component Case 1

Fig. 13: Cash Flow Case 1

Fig.10: Cost component Case 2

Fig. 14: Cash Flow Case 2
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Figures 13-16 present the annual cash flows for all
the cases respectively. Cash flow pattern for Case-1
and Case-2 are similar. Replacement cost of batteries
and system converter is sporadically distributed over its
lifetime in both cases. Due to increase in number of
batteries in system configuration, replacement cost of
batteries in Case-3 and Case-4 increases.
Table 6-9 presents cost summary of all the cases
by using cost type and cost component. Table 6 shows
that capital cost, replacement cost, system cost and
total component cost of case 1 is lower as compare to
all other cases. Operation and maintenance cost and
fuel cost in case 2 presented in Table 7 has lower value
due to use of only renewable sources. Capital cost
shown in Table 8 of case 3 and capital cost presented in
Table 9 of case 4 are almost equal. Salvage value has
higher value in case 4 presented in Table 9 as
compared to other cases.

Fig. 15: Cash Flow Case 3

Fig. 16: Cash Flow Case 4

Table-6: Cost Summary Case-1
Component

Capital
Cost

Replacement
Cost

Operation &
Maintenance Cost

Fuel

Salvage

Total

10 KW Genric turbine

Rs.4 M

0.00

Rs.1.4 M

0.00

0.00

Rs.5.4 M

Genric 1 KWh Lead
Acid Battery

Rs.19.06M

Rs.26.48M

Rs.4.4M

0.00

Rs -0.17M

Rs.49.77M

Genric Biogas
Generator

Rs.11.9M

0.00

Rs.8.6M

Rs.0.68M

Rs. -4.5 M

Rs.16.68M

Genric Flat Plate PV

Rs.23.68M

0.00

Rs.0.5M

0.00

0.00

Rs.24.18 M

Genric Medium
Genset (Diesel Gen.)

Rs.1.05M

0.00

Rs.0.4M

Rs. 0.56M

Rs.-0.36 M

Rs.1.65 M

System converter

Rs.6.72M

Rs.4.31M

0.00

0.00

Rs.-1.06 M

Rs.9.97 M

System

Rs.66.41M

Rs.30.79M

Rs15.3M

Rs.1.24M

Rs. -6.09
M

Rs.107.6M

Table-7: Cost summary Case-2
Component

Capital
Cost

Replacement
Cost

Operation &
Maintenance Cost

Fuel

Salvage

Total

10 KW Genric turbine

Rs.4 M

0.00

Rs.1.39 M

0.00

0.00

Rs.5.39M

Genric 1 KWh Lead
Acid Battery

Rs.19.08M

Rs.26.5M

Rs.4.48M

0.00

Rs -0.02M

Rs.50.04M

Genric Biogas
Generator

Rs.11.9M

0.00

Rs.7.8M

Rs.0.61M

Rs. -4.6 M

Rs.15.71M

Genric Flat Plate PV

Rs.25.86M

0.00

Rs.0.6M

0.00

0.00

Rs.26.46M

Genric Medium
Genset (Diesel Gen.)

Not Used

0.00

0.00

0.00

0.00

0.00

System converter

Rs.8.44M

Rs.5.4M

0.00

0.00

Rs.-1.34 M

Rs.12.5M

System

Rs.69.28M

Rs.31.9M

Rs14.27M

Rs.0.61M

Rs. -5.96 M

Rs.110.1M
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Table-8: Cost summary Case-3
Component

Capital
Cost

Replacement
Cost

Operation &
Maintenance Cost

Fuel

Salvage

Total

10 KW Genric turbine

Not Used

0.00

0.00

0.00

0.00

0.00

Genric 1 KWh Lead
Acid Battery

Rs.25.8M

Rs.35.1M

Rs.6.06M

0.00

Rs -2.09M

Rs.64.87M

Genric Biogas
Generator

Rs.11.9M

0.00

Rs.9.01M

Rs.0.73M

Rs. -4.55 M

Rs.17.09M

Genric Flat Plate PV

Rs.28.96M

0.00

Rs.0.72M

0.00

0.00

Rs.29.68 M

Genric Medium
Genset (Diesel Gen.)

Rs.1.05M

0.00

Rs.0.41M

Rs.
0.53M

Rs.-0.37M

Rs.1.62M

System converter

Rs.7.15M

Rs.4.5M

0.00

0.00

Rs.-1.13M

Rs.10.52M

System

Rs.74.86M

Rs.39.6M

Rs16.20M

Rs.1.26M

Rs. -8.14 M.

Rs.123.7M

Table-9: Cost summary Case-4
Component

Capital
Cost

Replacement
Cost

Operation &
Maintenance Cost

Fuel

Salvage

Total

10 KW Genric turbine

Not Used

0.00

0.00

0.00

0.00

0.00

Genric 1 KWh Lead
Acid Battery

Rs.23.08M

Rs.43.9M

Rs.5.4M

0.00

Rs. -9.6M

Rs.62.78M

Genric Biogas
Generator

Rs.11.9M

0.00

Rs.11.6M

Rs.0.95M

Rs. -4.4M

Rs.20.05M

Genric Flat Plate PV

Rs.30.96M

0.00

Rs.0.77M

0.00

0.00

Rs.31.73 M

Genric Medium
Genset (Diesel Gen.)

Not Used

0.00

Rs.0.00

0.00

0.00

0.00

System converter

Rs.8.15M

Rs.5.23M

0.00

0.00

Rs.-1.29 M

Rs.12.09 M

System

Rs.74.09M

Rs.49.13M

Rs17.77M

Rs.0.95M

Rs. -15.29M

Rs.126.7 M

B. Energy Profiles in various scenarios:
Comparison of electrical energy profile for
various scenarios are conducted and presented in
Table-10.
Table-10: Comparison of Energy Profiles kWh/Yr
CASE-1

CASE-2

CASE-3

CASE-4

KWH/YR

KWH/YR

KWH/YR

KWH/YR

Diesel

1,595

0

1,517

0

Solar PV

553,349

604,427

676,792

723,427

Biomass

9,921

8,869

10,625

13,781

Micro Hydel

84,148

84,148

0

0

Total
Production

649,013

697,443

688,934

737,207

Consumption

397,850

397,850

397,850

397,850

Unmet
Electric
Load

0

0

0

0

Excess
Electricity

194,790

242,791

219,009

267,986

Component

Fig. 17: Power Production Case 1

Fig. 18: Power Production Case 2

http://journals.uob.edu.bh

Int. J. Com. Net. Tech. 7, No. 2, 53-63 (May-2019)

61

Table-11: Sensitivity Cases

Fig. 19: Power Production Case 3

Nominal
discount
Rate

Diesel
Price
(Rs.)

Biogas
Fuel
Price
(Rs.)

Net
Present
Cost
(Rs.)

Cost
Of
Energy
(Rs.)

Operating
cost (Rs.)

3

60

1300

108 M

15.56

2.37 M

6

60

1300

97.1M

19.09

2.62 M

3

65

1300

108M

15.56

2.36 M

6

65

1300

97.1M

19.10

2.62M

3

70

1300

108M

15.57

2.42M

6

70

1300

97.2M

19.11

2.62 M

3

60

1400

108M

15.56

2.36M

6

60

1400

97.1M

19.10

2.62M

3

65

1400

108M

15.58

2.42M

6

65

1400

97.2M

19.11

2.62M

3

70

1400

108M

15.58

2.42M

70

1400

97.2M

19.12

2.63M

6

Fig. 20: Power Production Case 4

Table-10 shows that the total energy generated
is sufficient to meet load demand of the proposed
site. Unmet energy in all scenarios is nil and there
is excess energy in each case, Figure 17 shows that
power is generated by all renewable sources
including a minor share of diesel generator, in
figure 18 power is generated only by renewable
sources. Figure 19 shows major power generated
by PV among all the sources while excluding hydel
energy. Figure 20 presents the power is generated
by system excluding diesel generator and hydel
system.

Fig. 21: Variation of Nominal Discount Rate with Gen. Fuel
Cost and NPC

C. Sensitivity Analysis
Table 11 sensitivity analysis are presented
while considering various factors like Nominal
discount rate, diesel price and biogas fuel price
which are having impact on NPC, COE and
Operating cost. Due to variation in inflation in
recent times there is direct impact on Nominal
discount Rate which further hits various prices of
fuels and other factors which may directly or
indirectly effects the economic feasibility of the
Hybrid system. Fig. 21 and 22 shows the variation
of nominal discount rate with Gen Fuel price and
Bio Fuel Price.

Fig. 22: Variation of Nominal Discount Rate with Bio Fuel Cost
and NPC
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SECTION V
CONCLUSION
This paper presents the optimization,
economical viability and technical feasibility for
standalone PV/Biomass/Hydel energy system. A
comparative study for diesel- renewable mixed,
only renewable based, diesel mixed with renewable
options excluding microhydel from the system and
only renewables by excluding both microhydel and
DG from the system, is carried out. For
optimization and least cost combination renewable
energy alternatives are micro hydel, PV and
biomass in the microgrid plan. For case study,
HOMER software is used for Simulation,
Optimization and Sensitivity Analysis.
Results show that diesel renewable microgrid
plan has least net present cost, minimum levelized
cost of energy and minimum annualised cost of
system. This system can achieve the demand at a
cost of Rs.15.56/kWh. Significant contribution of
energy in the proposed plan is from the microhydel
plant and biomass generation that proves a cheap
and neat source of energy which further reduces the
stubble burning in the area and promote others to
follow the course. Presence of diesel generator
helps the system in dealing with the problem
arising due to variability of renewable sources.
There is excess energy in the system which can be
further used to meet the load demands of nearby
villages and an electric welding workshop may be
run in the village for the repair of agriculture tools.
As there is variation in inflation rate, nominal
discount rate, diesel price and biogas fuel price
which are having impact on NPC, COE and
operating cost. Cost effective option for hybrid
applications must be appropriately supported by the
Governments.
In future, off-grid PV-Biomass and Hydel
hybrid energy system can be connected to grid
system which not only improves reliability but also
excess energy of the system can be sold out to the
grid. Excess energy can also be utilized to run a
small scale industry in the village or can supply to
nearby village.
References:
[1] ‘Ministry of Power, Government of India’, available
at http://powermin.nic.in, accessed October 2018.
[2] ‘Ministry of New and Renewable Energy’, available
at http://mnre.gov.in, accessed October 2018.
[3] M. Hiloidhari, D. Das, and D. C. Baruah, “Bioenergy
potential from crop residue biomass in India,”
Renewable and Sustainable Energy Reviews,
vol.32, pp. 504–512, April 2014.

[4] S. Chauhan, “District wise agriculture biomass
resource assessment for power generation: a case
study from an Indian state, Punjab,” Biomass and
Bioenergy, vol. 37, pp. 205–212, Feb.2012
[5] A. R. Sharma, S. K. Kharol , K. V. S. Badarinath ,
and D. Singh, “Impact of agriculture crop residue
burning on atmospheric aerosol loading – a study
over Punjab State, India,” Ann. Geophys., vol. 28,
367–379, 2010.
[6] G. Lei, L. Chunlai, Z. Hongbo, L. Yongjun, and
L. Weiliang,
“Optimization
of
capacity
configuration in island mode micro-grid,” IEEE
Advanced Information Technology, Electronic and
Automation Control Conference (IAEAC),pp.137141, Dec. 2015.
[7] E. Baharozu, and G. Soykan, “Economic and
Environmental Evaluation of a Designed Smart
Micro-grid System in Turkey,” IEEE 4th
International Istanbul Smart Grid Congress and Fair
(ICSG), pp. 52-55, April 2016.
[8] Y. Sawle, S. C. Gupta, and A. K. Bohre, “ Optimal
sizing of standalone PV/Wind/Biomass hybrid
energy system using GA and PSO optimization
technique,”
Energy Procedia 1st International
Conference on Power Engineering, Computing and
Control, PECCON,pp.690-698, March 2017.
[9] A. Jamalaiah, C. P. Raju and R. Srinivasarao,
“Optimization and operation of a renewable energy
based PV-FC-microgrid using homer,”IEEE
International
Conference
on
Inventive
Communication and Computational Technologies,
pp. 450-455, March 2017.
[10] K. Ahmed, and N. Fathima , “Optimal Cost Analysis
of Off-Grid Hybrid Renewable Energy System with
PV Degradation and Electrical Load Variation using
Multi-Year Module and Advanced Storage
Module,” IEEE International Conference on Energy,
Communication, Data
Analytics and Soft
Computing (ICECDS), pp.2069-2074, August 2017.
[11] M. V. S. Lakshmi, C. S. Babu,and GRKD. S.
Prasad, “Design of off-grid homes with Renewable
energy sources,” IET Chennai 3rd International on
Sustainable Energy and Intelligent Systems
(SEISCON 2012), pp.294-300, Dec.2012.
[12] S. Wencong , Y. Zhiyong, and C. M. Yuen ,
“Microgrid Planning and Operation: Solar Energy
and Wind Energy,”
IEEE PES General
Meeting,pp.796-802, July 2010.
[13] O. Hafez and K. Bhattacharya,“Optimal planning
and design of a renewable energy based supply
system for microgrids,” Renewable Energy, vol.45,
pp.7-15, Sept.2012.
[14] O.Oladeji and V. A. Onoja, “Techno-economic
analysis of biogas based micro-generation for a
university facility,” IEEE 6th International
Conference on Adaptive Science & Technology
(ICAST), pp.90-94, Oct 2014.

http://journals.uob.edu.bh

Int. J. Com. Net. Tech. 7, No. 2, 53-63 (May-2019)
[15] ‘Department of Water Resources, Government of
Punjab,
India’,
available
at
http://www.irrigation.punjab.gov.in/canal.aspx,
accessed October 2018.
[16] P. A. Michael, and C.P.Jawahar, “Design of 15 kW
Micro Hydro Power Plant for Rural Electrification
at Valara,” Energy Procedia 1st International
Conference on Power Engineering, Computing and
Control, PECCON, pp.163-171, March 2017.
[17] J. Sandeep, and S. Ashok, “Cost Optimal Design of
Micro
Hydel
Systems,”IET
International
Conference on Sustainable Energy and Intelligent
System (SEISCON 2011), pp.167-170, July2011.
[18] S. P. Adhau, “A comparative study of micro hydro
power schemes promoting self sustained rural
areas,” IEEE
International Conference on
Sustainable Power Generation and Supply, pp.21022107, April 2009.
[19]

‘HOMER’,
NREL,
available
at
http://www.nrel.gov/international/tools/HOMER/

63

[23] D. K. P. Pathak , and D. K. Khatod , “Optimum
utilization of Alternative sources of energy for an
un-electrified remote area,” IEEE India Council
International Conference (INDICON),pp.12121217, Dec.2017.
[24] S. Singh, and S. C. Kaushik, “Optimal sizing of grid
integrated hybrid PV-biomass energy system using
artificial bee colony algorithm,”IET Renew Power
Gener. vol.10, pp.642-650, 2016.

Sarabjeet Singh received his
B.Tech. and
M.Tech. (Electrical
Engineering) from PTU Jalandhar
and pursuing Ph.D. from NIT
Kurukshetra. Currently he is
working as Assistant Executive
Engineer in PSTCL Patiala, India.
His areas of interest are smart grid
integrated with renewable energy sources, power system
planning
and
demand
response.
Email:shallysingh50@gmail.com.

homer.html, accessed Dec 2018.
[20] ‘NASA Surface meteorology and solar energy’,
available
at
http://www.eosweb.larc.nasa.
gov/sse/RETScreen, NASA, accessed December
2018.
[21] A. D. Dhass, and S. Harikrishnan, "Cost Effective
Hybrid Energy System Employing Solar WindBiomass Resources for Rural Electrification."
International Journal of Renewable Energy
Research (IJRER) vol. 3, pp.222-229, No 1 .2013.
[22] J. Singh, B. S. Panesar, and S. K. Sharma, “Energy
potential through agricultural biomass using
geographical information system—A case study of
Punjab." Biomass and Bioenergy 32, vol. 4, pp.301307, 2008.

Saurabh Chanana received his B.
Tech., M. Tech. and Ph. D. from
National Institute of Technology
Kurukshetra,
India.
Presently
working as Associate Professor in
Department
of
Electrical
Engineering in NIT Kurukshetra.
His research interest are in the area
of power system restructuring, realtime pricing, demand response and grid integration of
renewable energy. He is member of IEEE Power and
Energy Society and life member of Indian Society of
Technical Education. Email: schanana75@gmail.com.

E-mail: shallysingh50@gmail.com, saurabh@nitkkr.ac.in

http://journals.uob.edu.bh

