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Techno Economic Evaluation of a Hybrid Energy
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Abstract— Use of renewable electricity resources has proved to
be a more reliable and cleaner solution now-a-days. Photovoltaic
units, wind turbine units have been considered as these are the
most commonly used renewable energy generators today, but these
generators involve high values of losses and are highly expensive.
This paper presents a multi objective optimization using the
Matlab GAtool. The algorithm is executed on a test system of 69
buses. The results of the case study show that proper positioning
of renewable energy generators and sizing can lead to
improvement in voltage profile, reduction in power losses and
reduction in cost. Cost analysis of this framework is performed
using Homer Pro3.8.1 which shows that this hybrid energy system
is more efficient and economical than using of a single renewable
electricity generator or combinations of renewable electricity
generators of different sizes for a variable load profile. The
advantages of this algorithm include its accuracy, calculation
speed and the reduced values.

Keywords: Renewable energy,optimal sizing and positioning,
cost analysis.

1. INTRODUCTION

The major source of electricity so far has been fossil fuel, but
with the current high rate of depletion, it can last for only
about 150-200 years more. This shifts interest to water and
nuclear reserves for the production of electricity, but they
require vast areas, high maintenance cost and large amount of
skilled labor. Nuclear power plants have to deal with the
radioactive wastes too additionally. On the other hand,
renewable electricity generators like photovoltaic units, wind
turbine units, fuel cell units, etc. provides a more reliable,
cleaner and quieter solution [1], it has been shown that solar
energy with the correct positioning and sizing of the PV can
provide easy and cheap electricity to a large area and it is
cheap can be affordable for the rural localities for most of the
developing or underdeveloped countries of the world. They
are the most sought after resources for remote areas like
satellite stations, etc. or areas where the conventional
resources cannot be used [2], but Renewable Energy
generators (REG) usage can lead to various problems like
reverse power flow, harmonic distortions, stability problems
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[3,4]. The effective operation of the REGs leading to an
improved voltage profile, reduced losses, cost, etc. depends
upon factors like their proper position and their sizing [5-7].
In Ref. [8], the authors have worked on the design and control
strategies that can be used on a hybrid energy system using
genetic algorithms. In Ref. [9], only the optimal sizing of a
PV, wind, diesel hybrid energy system has been done
resulting in the minimization of the cost and also a
comparison between the costs of this system with or without
the use of batteries have been presented. The objective
function dealt with minimization of losses and to improve the
voltage profile of the system has been presented in [10-13].
All these papers dealt with single objective algorithms which
optimize only for a certain objective, but in reality if one
position or size gives the best voltage profile, it might not
give the best results of power loss and cost. This problem can
be solved if a multi objective code is used in which all the
objectives can be considered together. Many other techniques
have been used in various papers to solve the optimization
problem using genetic algorithm in [14-16]. In [17,18] the
authors have used power flow algorithms for optimal sizing
of the renewable generators at each load bus of a network.
The Monte Carlo method and Tabu Search algorithm for
optimal sitting of DG has been applied in [19-21]. Most of the
papers tend to concentrate more on one objective rather than
giving the best possible outcome of all the objectives. Some
authors have worked on a new algorithm named HBMO that
proved to be a more efficient one [22-26], describe the
features of HBMO and its advantages over the other methods.
The authors have worked on (HBMO) honey bee mating
algorithm for optimizing but again this algorithm tends
towards a local optima. In order to avoid this problem and
improve the accuracy of the algorithm, the authors of [27]
have tried an improved HBMO to get the optimization done.
All these papers considered a constant voltage profile. The
effect of load variation has been shown on a hybrid energy
system but considering only one objective function in [28].
The Homer has been used to consider variable load profiles,
but with only one objective of minimization of the total
overall cost of the hybrid system [29]. In this paper, a multi
objective algorithm is used for the optimal positioning and
sizing of a PV/Wind/Battery hybrid system. It is tested on a
radial network of 69 buses. The branches of the network,
which are the most heavily loaded ones require the addition
of REGs. Position values for the REGs depending on those
highly loaded branches have been tried, but the results
obtained from the GA - tool provides the optimal positioning
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and the optimal sizing of the DGs. Proper positioning and
sizing of the DGs can lead to improved voltage profile,
reduced loss values, but the GA tool gives results for only a
constant load profile. This is why Homer Pro 3.8.1 is used
which provides a cost analysis of the different frameworks
for a variable load profile. The REGs used in Homer Pro
3.8.1 have the sizes equal to the optimal sizes obtained from
the GA —tool.

The procedure of the paper can be summarized as follows:

a. Optimal sizing and positioning of the individual REGs
have been done on an assumed system of 69 buses using the
GA tool.

b. The real power losses, reactive power losses and the
minimum bus voltages are obtained for all the combinations
of REGs for all the DGs.

c. Cost per kWh electrical energy produced by the REGs is
calculated.

d. Cost analysis of the different frameworks has been
performed using Homer Pro 3.8.1.

Il. PROBLEM FORMULATION

The aim of the proposed multi objective algorithm is to
find out the optimal location and size of the renewable
electricity resources which can satisfy the objectives. There
are three objective functions that have been considered. They
are explained as follows:

Obijective functions

1. Improvement of the voltage profile

Bus voltage plays a major role in the proper functioning of
the system which can be described as below:

VR|:an Wnom- Vil (D)

n=2 Vi
Where,n,;, - Number of buses
V.om- Nominal Voltage =1.0 p.u
V;- Bus Voltage

2. Minimization of power losses

The minimization of real power loss can be calculated as
follows:

Min. £;=5,2,1,* x Ry 2)

Where,

N, - Total number of branches in the given radial
distribution system

b - Branch number

I, - Current in branch b

R, - Resistance of branch b

Ppemin < Ppg < Ppgmax 3)
Vi min < Vi < Vi max (4)

3. Minimization of cost

The cost per kWh electrical energy generated by the REG
can be calculated according to the following model:

C(P)=a+b*p (5)

Where

a= Capital cost(%)xCapacity(kW)x Gr (6)
Life Time(year)x 365x 24x LF

b = Fuel cost ($/kwWh) + O &M cost($/kWh (7

where,
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LF is the load factor, G, is the annual rate of interest , O &
M cost is the cost of maintenance and operation.
The cost function for the PV system can be calculated as

Cpp=X (a; P 2O 4 om(P) +rep(P) ®)

(1+719)™M-1
C,v= cost of PV panels
Sp=number of PV panels
a;=unit cost(Rs/Kw)
Pi=power capacity
om(P;)= operation and maintenance cost
rep(P;)= replication cost
ro=interest rate
m = lifespan of the panels
The cost calculated from this equation can be verified

using Homer Pro 3.8.1 .A test system of 69 buses is taken into

consideration. Each bus is capable of being attached to a

REG. The method to solve the load flow analysis can be

summarized as below:

i) At first,the power injections are converted to the
corresponding current injections. The branch currents are
then formulated as the functions of the equivalent current
injections.

ii) A relationship is set up between the bus current
injection and the branch currents.

B=[BIBC]I 9)

Where [BIBC] is a bus injection to branch current matrix.

iii) The relationship between the branch currents and the
bus voltages is found out.

[AV]=[BCBV] B (10)

Where [BCBV] is the branch current to bus voltage mtrix.

iv) Combining the above two equations, we get the
relationship between the bus voltages and the bus current
injections.

[AV]=[BIBC][BCBV]I

[AV]=[DLF] xI

The algorithm can be explained as follows:

1. Start

2. Assign two function to each DG one for the size and
other for the location

3. Input the test system data

4. Form the BIBC matrix

5. Form the BCBV matrix

6. Find DLF

[DLF=BIBC*BCBV] (13)

7.depending on the type of DG, calculate the effective
power loss [SD] caused by it

8. In the pv system, there is only real power injection. So
SD=SD-DSD(real power)

9. for the wind system, there are both real and reactive
power.

So SD=SD-(DSD+Q454)

(Qgsq=reactive power)

10. calculate new current Py,

11. calculate real power loss P;,=1*R

12. calculate reactive power loss Q;,s.=1*X

13. display real power loss

14. end

(11)
(12)

(14)
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I1l. RESULT AND DISCUSSION

Homer Pro 3.8.1 has been used to validate the proposed
algorithm as shown in fig.1. The framework consists of one
wind turbine system and two PV systems and it is showing
the fig.2. The area is set in order to get the wind resource and
solar resource profiles directly. The data entry is done in this
profile for 24 hours of the commercial building which is
considered as the test system. Fig.3. Gives the information
about the load of the building is monitored for 24 hours and
tabulated. It displays the daily profile, seasonal profile and
yearly profile based on the load which is tabulated. An
average demand of 54,779 kWh/day is considered. The solar
irradiation at kattankulathur, Chennai, India is shown in fig.
4. Here the results of optimization are shown which is
obtained using GA Tool is shown in fig5. The result shows
the efficiency of different combinations and shows that the
combination of two PVs and one Wind turbine system is the
best. Using HOMER Software the system performance is
evaluated. It proves that by proper positioning of renewable
energy generators and by their proper sizing, there can be an
improvement in voltage profile, reduction in power losses
and reduction in cost. Figure 6a, 6b and 7 shows cost results
of different combinations with the cost result of hybrid
system, it is found that it is most economical
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Fig. 1. Proposed Hybrid energy system in HOMER
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Fig. 2. Wind Resource Profile
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Fig. 3 Load profile of proposed hybrid system

Fig.4. Solar Profile of Kattankulathur District, India
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Fig. 5. Ga tool result showing the optimal positioning
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Fig.6(a). Optimization and sensitivity result

AVER S RiDPREL N OB 10 lg
:--u-‘._n:—.-na-u-‘n-u-.T—-—n\:: v
T e
(A yom
1 .
5 ——

2o e T

Fig.6.(b) Optimization and sensitivity result
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Fig. 7.Cash flow summary
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IV. CONCLUSION

This paper presents the optimal positioning and optimal
sizing of DGs using the multi objective genetic algorithm for
the minimization of power losses, minimization of cost and
improvement of the voltage profile for the most cost efficient
framework with a variable load profile can be obtained which
can in turn increase the reliability and the efficiency of the
renewable electricity generators. The above analysis provides
the cost effective solution and a more efficient solution of
providing efficient electricity to cut down the endless power
cuts and load shedding .
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