© 2018 IJNRD | Volume 3, Issue 4 April 2018 | ISSN: 2456-4184

Sensitivity Analysis of PV-Diesel Hybrid System using
HOMER

!Sagar A. Jethava, ?Dr. Chirag K. Vibhakar, *Ms. Shilpa K. Kathad
PG Student, *Professor and HOD, *Assistant Professor
'Electrical Engineering Department
V.V.P. Engineering College, Rajkot, India

Abstract -- The energy needs of humanity are enlarging at an exponential level and it is advisable to use renewable sources of energy
more. Distributed generation using hybrid systems is one of the new trends in power generation. These distributed generating units are
integrated to form a micro grid to serve the loads among the locality. Hybrid Renewable Systems with Diesel generator and Solar panels
are capable for providing sufficient amount of electricity. The major challenge in designing hybrid system is the optimization of the
various sources involved in hybrid systems. This project gives a model of a micro grid with sensitivity analysis of Solar Panel, Diesel
Generator, Converter, Load and Battery using HOMER software. This model gives the design idea of various Sensitivity parameters such
as lifetime of different components, state of a battery charging, etc. of a proposed system for a residential load.

Index Terms — Sensitivity Analysis, HOMER (Hybrid Optimization Model for Electric Renewables), Solar PV, Hybrid System, Micro
grid.

l. INTRODUCTION

Microgrids are mostly low-voltage (LV) distribution networks that may use any combination of generation, load and storage
technologies and can operate in grid connected mode or autonomous mode [1]. The distributed generation (DGs) or the storage systems in
the microgrid can be of different technologies, depending on the system characteristics and expectations. Some examples are solar panels
(PV), wind turbines (WG), small hydro, biomass power generation, fuel cells, batteries or supercapacitors. These technologies have lower
emission and potential to have lower cost [5]. The analysis and the design of the microgrid do not only take under consideration the system
requirements but also some uncertain factors such as the load variation, the fuel price or fuel sufficiency [1].

This paper gives the analysis of a various parameters such as Lifetime of PV Module, Minimum State of Charge of a Battery, Lifetime
of PV MPPT, Battery Annual Throughput in kWh, Lifetime of Battery, Maximum State of Charge of a Battery, etc. By comparing various
results, it is easy to find the most optimum and cost effective parameters for proposed system.

1. INTRODUCTION TO HOMER OPTIMIZER
HOMER (Hybrid Optimization Models for Energy Resources) is a power optimization software developed by NREL (National
Renewable Energy Laboratory) in the United States. This software is used to design and evaluate technically and financially the options for
off-grid and on-grid power systems. It allows consideration of a large number of technology options to account for energy resource
availability and other variables.

HOMER performs three principal tasks:
e  Simulation,
e  Optimization, and
e  Sensitivity analysis [15].

In the simulation process, HOMER models the performance of a particular micro power system configuration each hour of the year to
determine its technical feasibility and life cycle cost. In the optimization process, HOMER simulates many different system configurations in
search of the one that satisfies the technical constraints at the lowest life-cycle cost. In the sensitivity analysis process, HOMER performs
multiple optimizations under a range of input assumptions to gauge the effects of uncertainty or changes in the model inputs.

Optimization determines the optimal value of the variables over which the system designer has control such as the mix of components
that make up the system and the size or quantity of each. Sensitivity analysis helps assess the effects of uncertainty or changes in the
variables over which the designer has no control, such as the average wind speed or the future fuel price [16]. HOMER calculates the
following four costs for every simulation result; COE (Cost of Energy), NPC (Net Present Cost), O&M (Operations and Maintenance Cost),
Initial Capital Cost.

1. SYSTEM UNDER CONSIDERATION
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Figure 1 Schematic Diagram of Proposed System
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In the Figure 1, Schematic diagram of a proposed system is shown. The Hybrid system consisting of Solar PV Panel, Diesel Generator,
Lead Acid Battery, System Converter and an Electric Load is taken under consideration. The system parameters of a proposed system is
shown in following Table 1.

Table 1 System Parameters of a proposed system

Input Parameter PV Module PV- Converter Li-lon Diesel
MPPT Battery Generator

Size(kW) 1 1 1 - 1

Capital Cost (Rs) 40,000 10,000 24,000 2,400 60,000

Replacement Cost (Rs) | 2,400 8,000 20,000 2,000 52,000

O & M Cost (Rslyr) 5,000 1,000 1,000 500 2,400

Lifetime(year) 25 15 15 4 20

Initial SOC (%) - - - 80 -

Minimum SOC (%) - - - 20 -

Operating Voltage (V) | 144 V DC (36 V | 144 V| 230 V single phase | 12V 230 V single
*4 in series) DC output for inverter Phase

Maximum - - - 150 Ah -

Capacity(Ah)

Maximum Charge | - - = 16.7 -

Current(A)

Maximum Discharge | - - - 24.3 -

Current(A)

For the proposed system, the Solar GHI (Global Horizontal Irradiance) data is required and is obtained from NASA (National Aero
Space Agency) Solar Energy Database. Monthly Solar Clearness Index & Daily Radiation is shown in the following Figure 2.

Figure 2 Monthly Solar Clearness Index & Daily Radiation
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Iv. RESULT ANALYSIS
In this system, we considered residential load and lifetime of whole project is assumed 25 years. Optimization process are carried out
through every possible selection of variables in this hybrid power system considering different sensitivity variables which are as follow:
e Lifetime of — PV Module, PV MPPT, Battery,
e Minimum State of Charge of a Battery,
e Maximum State of Charge of a Battery,
e  Battery Annual Throughput in KWh etc.
Figure 3 Screenshot of Electricity Production and Consumption. According to Figure 4, total yearly production of our proposed model is
13,686 kWh/yr and consumption for residential load 5,734 kWh/yr. The minimum COE obtained from the result is Rs. 2.99/kwWh. The NPC
for the system is Rs. 2, 21,873. Emissions of a proposed system are shown in Figure 5.

Figure 3 Screenshot of Electricity Production and Consumption
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Table 2 gives the result analysis of various sensitivity cases. The Optimum result can be obtained from the bold highlighted parameters
in Table 2.

Table 2: Sensitivity Analysis result of a various cases taken under consideration

Sr. | PV MPPT [ 1 kWh |1 kwh | Min. Max. | COE | NPC Initial O & | Elect.
No | Life- | Life- LA Throughput | SOC SOC | (Rs) | (Rs) Capital M Prod.
time | time Life- (kwWh) (%) (%) (Rs) (Rs) | (kWh/
(Yr) (Yr) time yr)
(Yr)
1 25,30 | 1520 | 4,3 800 40 100 326 | 241933 |1,77,482 | 1,693 | 6,807
2 25,30 | 1520 | 4,3 800, 1000 40,30 100 3.25 | 2,40,779 | 1,77,609 | 1,674 | 6,879
3 25,30 | 1520 | 4,3 1000 30 80 3.25 | 2,440,780 | 1,77,609 | 1,674 | 6,880
4 25,30 | 1520 | 4,3 1000, 1200 30 90 3.25 | 2,40,779 | 1,77,609 | 1,674 | 6,879
5 25 15 3 900, 1000 25,30 85,90 | 3.21 | 2,38,203 | 1,70,556 | 3,728 | 14,789
6 25 15 3 1000,1100 25 85 3.21 | 2,38,203 | 1,70,556 | 3,728 | 14,789
7 25 15 3 800,900,1000 | 25 85,80 | 3.21 | 2,38,203 | 1,70,556 | 3,728 | 14,789
8 25 15 3 1000, 1200 20,25 80,85 | 3.13 | 2,32,246 | 1,70,125 | 3,448 | 14,935
9 25 15 25,3 1000 30,35 80,85 | 3.25 |2,41,065 | 1,67,544 | 1,752 | 7,003
10 |25 15 2,25,3 | 1000 20,25 75,80 | 3.19 | 2,36,381 | 1,70,321 | 3,447 | 14,958
11 |25 15 2,2.5,3 | 1000 20,15 80,75 | 3.11 | 2,30,327 | 1,64,589 | 3,422 | 14,677
12 25 15,10 25,2 1000 20,15 75,70 | 3.11 2,30,537 | 1,64,589 | 3,422 | 14,677
13 |25 15,10 | 25,2 1000 15,10 65,70 | 2.99 | 2,21,873 | 1,50,801 | 3,635 | 13,686
14 | 20,25 | 10,15 | 25,3 1000 15,10 65,60 | 3.00 | 2,22,085 | 1,50,801 | 3,635 | 13,686
15 | 20,25 | 10,15 | 2,253 | 1000 10,15,20 | 60,70, | 3.00 | 2,22,085 | 1,50,801 | 3,635 | 13,686
80

Figure 4 Screenshot of Optimized Result of a proposed system
Optimization Results
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Figure 5 Screenshot of Emissions of a proposed system

Value

Carbon Dioxide D kg/yr
Carbon Monoxide 0 kg/yr
Unbumed Hydrocarbons 0 kg/yr
Particulate Matter 0 kg/yr
Sulfur Dioxide 0 kg fyr
Nitrogen Oxides 0 kg/yr

Table 3 Optimized Parameters for proposed system

PV Life-time (Yr) 25
MPPT Life-time (Yr) 10
1 kwh LA Battery Life-time (Yr) 2.5
1 kwh Battery Throughput (kWh) 1000
Min. SOC of LA Battery (%) 10
Max. SOC of LA Battery (%) 65

V. CONCLUSION
This paper represents the analysis of a Hybrid proposed system with consideration of the various sensitivity parameters. Optimization of
these sensitivity parameters is carried out in the proposed hybrid model. The basic optimization parameters are NPC and COE. The
simulation results show that the lowest Net Present Cost (NPC) and the lowest Cost Of Energy (COE) is for Solar PV alone with MPPT
implemented which are 2,21,873 Rs./kWh and 2.99 Rs./kWh. The emissions in the optimized system is Zero. Here grid cost is not taken into
account as our proposed system is stand-alone system. Table 3 Shows the Optimized Parameters for proposed system.
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