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Abstract:-In India as present as country is still dependent on thermal based power generation and in
most of the areas of country as generation is not matching demand it is very much necessary to
conserve energy and utilized renewable and nonrenewable energy sources in as effective manner.
Micro grid component system sizing and design can be efficiently and effectively done using Micro
grid system such as HOMER. Today’s electricity grid is transitioning to a so-called smart grid. The
associated challenges and funding initiatives have great efforts from the research community to
propose innovative smart grid solutions. To assess the performance of possible solutions homer offers
a cost effective and safe approach. This paper covers details of micro grid component sizing using
homer software.
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l. INTRODUCTION

Renewable energy comes from natural resources such as wind, sunlight, geo thermal etc which are naturally
replenished[1]. High cost and limited fossil fuels sources a cause of greenhouse gas emissions have given an
extreme importance towards development of renewable energy sources[2].To meet increasing demands renewable
energy will be key prospective in developing countries[3]. In view of large amount of unlimited energy source
Solar energy can be considered as one of the very vital energy source to be focused on [4].In solar PV application
solar energy is converted into electricity. Silicon solar cells are the most commonly. The components in PV
system include array, modules, cells and their interconnection. It has a controller that works on maximum power
point tracking or pulse width modulation technique used in such a system that automatically manages operation of
such a system[5][6].

HOMER is the micro power optimization software developed by Mistaya Engineering, Canada for the National
Renewable Energy Laboratory (NREL) USA, used in this analysis simplifies the task of evaluating designs of
both off-grid and grid-connected power systems for a variety of applications.

A micro power system is a system that generates electricity and possibly heat, to serve a nearby load. Such a
system may employ any combination of electrical generation and storage technologies and may be grid-connected
or may be autonomous meaning separate from any transmission grid. Some examples of micro power systems are
a solar—battery system serving a remote load, a wind-diesel system serving an isolated village, and a grid-
connected to natural gas micro turbine providing electricity and heat to a factory. Power plants that supply
electricity to high-voltage transmission system do not qualify as micro power systems because they are not
dedicated to a particular load. It is the U.S. National Renewable Energy Laboratory (NREL) to assist in the design
of Micro power systems and to facilitate the comparison of power generation technologies across a wide range of
applications. HOMER models power system’s physical behavior and its life-cycle cost, which is the total cost of
installing and operating the system over its whole life span.HOMER allows the operator to compare many
different design options based on their technical and economic merits. It also assists in understanding and
quantifying the effects of uncertainty or changes in the inputs. In designing a power system, many decisions about
the configuration of the system are to be made like components to include in the system design, size of each
component to use, various cost of equipment etc. The large number of technology options and the variation in
technology costs and availability of energy resources make these decisions difficult. HOMER's optimization and
sensitivity analysis algorithms make it easier to evaluate the many possible system configurations.

HOMER simulates operation of a system by making energy balance calculations and displays list of
configurations, sorted by net present cost that can be used to compare system design.HOMER models a particular
system configuration by performing an hourly time series simulation of its operation over one year. HOMER steps
through the year one hour at a time, calculating the available renewable power, comparing it to the electric load,
and deciding what to do with surplus renewable power in times of excess, or how best to generate (or purchase
from the grid) additional power in times of deficit. When it has completed one year’s worth of calculations,
HOMER determines whether the system satisfies the constraints imposed by the user on such quantities like the
fraction of the total electrical demand served, the proportion of power generated by renewable sources, or the
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emissions of certain pollutants etc. HOMER also computes the quantities required to calculate the system’s life-
cycle cost, such as the annual fuel consumption, annual generator operating hours, expected battery life, or the
quantity of power purchased annually from the grid.

There are mainly three task which HOMER performs three like : simulation, optimization, and sensitivity
analysis. 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 cost of life cycle. In the optimization
process, HOMER simulates many different system configurations in search of 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 model inputs.
Optimization determines the optimal value of the variables over which the system modeler 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 like the average wind
speed or the future fuel price.

. GENERATOR WITH PV MODULE AND LI ION BATTERY

In this simulation there is no connection between conventional plants and renewable sources. Some
residential load is taken as an electric load. Biomass generator is connected to the AC bus where electric load is
connected. There is PV array which generate power in DC. We connect electrical vehicle as a battery to DC grid.
Electric vehicle is bidirectional which can operate in both V2G and G2V mode. In G2V mode it takes power from
grid and in V2G mode it delivers power to the grid. Simulation diagram is shown in figure below.

AC DC
Genld Electric Load #1 I o
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Figure 1 Proposed simulation diagram using HOMER.
Specification of Generator used for above simulation is shown in figure 2.

- Remove
GENERATOR m Name: | 10kW Genset Abbreviation: | Genl0
E Copy To Library
Properties Costs Search Space
Capacity (kKWW Capital Replacement Q&M Size (kKW)
MName: 10kW Genset apacity (kW) s ) ($/hr) =
. 0
Abbreviation: Gen10 20 $1,700.00 §1,700.00 $0.50 i@ B
Manufacturer: Generic Click here to add new item 100
Website: www.homerenergy.com 150
Multiplier: @ @ @ 200
250
Site Specific Input
Minimum Load Ratio (%): 25.00 @ Heat Recovery Ratio (%) 0.00 @ Lifetime (Hours): 15,000.00 @
Minimum Runtime (Minutes):  0.00 @ Electrical Bus
& AC DC
Fuel Resource | Fuel Curve | Biogas | Emissions | Maintenance | Schedule
SELECT FUEL: | Biogas * || Manage Fuels | PROPERTIES
Lower Heating Value (MJ/kg): 5.5
Density (kg/m3): 0.720
Carbon Content (%): 2
Sulfur Content (3): 1]

Biogas Fuel Price (3/kg): Limit Consumption (kg)

Figure 2 Specification of generator
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In this simulation biomass generator selected. Capital, Running and maintenance cost of it are  1700$, 1700$ and
0.50% respectively. Biomass is selected as fuels which have density of 5.5MJ/kg. It contains carbon of 2%. There
are different sizes from 0 to 250 selected in search space to optimize the result of -effective
combination.Specification of PV system is shown in figure 3.

Remove
PV m Name: | Generic flat plate PV Abbreviation: | PV
= Copy To Library
Properties Costs Search Space
E R Capita Replacement 0&M .
Name: Generic flat plate PV Capacity (KW EF; P i e Size (kW)
. ) - o 0
Abbreviation: PV | 1 §2500.00 $250000 %00 b4 i
Panel Type: Flat plate Click here to add new item 200
Rated Capacity (kWW): 0 300
ated Capacity (64) Multipher: @ @ @ 200
Manufacturer: Generic
Site Specific Input aill]
Weight (ls): 160 600
P o | e———
Foatprint (in2): 9000 Lifetime (years} B0 @ Electrical Bus
Website: www.homerenergy.com Derating Factor (%) 80,00 @ AC @D
Notes:
MPPT | Advanced Input | Temperature
¥ Ignore dedicated converter Search Space Use Efficiency Table?
L . Size (kW)
Lifatime (years): ; Efficiency (%)
Costs "
Size (kW) Capita Replacement 0&M Input Percentage (%) Efficiency (%)
= (§) (5) (§/year) '
| = - S Click here to add new item
1 £0.00 $0.00 $0.00
Click here to add new item

Figure 3 Specification of PV array
There are two types of PV available in HOMER from which we select flat plate PV which has capital cost,
replacement cost and maintenance cost 2500$, 2500$ and 0% respectively.

Battery specification for proposed simulation is shown in figure 4. There are different types of batteries
available from which Li-lon is selected in this simulation. 300$, 300$ and 20$ are capital, replacement and
running cost respectively. Nominal voltage of battery is 6V and nominal capacity is 167Ah. There is 40 string of
battery is selected. There is minimum state of charge is 20% below which battery cannot discharge.

Remove
BATTERY m Name: | Generic 1kWh Li-Ion Abbreviation: | 1TkWh L
Copy To Library
Properties Costs Search Space
) R cre Capital Replacement O&m Shrns
Name: Generic 1kWh Li-Ton | Quantity (%) (%) ($/year) 0 2
Abbreviation: 1kWh LT |1 $300.00 $300.00 $20.00 X 1
Manufacturer: Genenc Click here to add new item 2
Nominal Voltage [V): 6.00 3
n
Nominal Capacity (Ah): 167 5
Nominal Capacity (kWh): 1.00 Multiplier: @ @ @ 5
Reound Trip Efficiency (%): 90.0 Site Specific Input
Float Life [ :15.0
ost Life {years) Batteries per string: | 40 (240 V bus)

Suggested Life Throughput (KWh): 3,000
Electrolyte replacement interval (yrs): 0.00 Initial State of Charge (%): 100.00 @
Mas. Charge Current (A): 167 Minimum State of Charge (3): 2000 (®)
Max. Discharge Current (4): 500

Lifetime Throughput (Wh: 00000 | (@)

Weight (lbs): 15.0

Volume (in3): 0.00500 Enforce minimum battery life?
Footprint (in2): 0.0200 Minimum battery life (yr)
Website: www.homerenergy.com

Nntec:

Figure 4 Battery specifications
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Converter specification is shown in figure 5 below. There is convertor selected which has efficiency of 90% and
lifetime is 15 years. This is bidirectional converter which means it can be use as an inverter as well as converter.

CONVERTER g Remove
Name: | System Converter Abbreviation: | Converi
Copy To Lib
| System Converter v EEYLOLDEe)
Properties Costs Search Space
: Capital Replacement: Oam .
Name: System Converter \ Capacity (kW) ) ) (§/year) 05|ze (kW)
Abbreviation: Converter ‘ 1 $250.00 $250.00 $100.00 b4 5
Manufacturer: Generic Click here to add new item 100
Weight (Ibs): 1500 150
o 200
Footprint (in2): 2000 250
Website: www.homerenergy.com 300
Notes:
This is a generic system converter.
Multplier ® @ ®
Inverter Input Rectifier Input
Lifetime (years): 15.00 @ Relative Capacity (%): | 100.00 @
Efficiency (%): 20,00 @ Efficiency (%): 90,00 @

¥ Parallel with AC generator?

Figure 5 Converter specifications
Load specification for simulation is shown in figure 5

0 Name: | Electric Load #1 Remove
ELECTRICLOAD @ [ Remove |
January Profile Daily Profile March Profile
N Maximum: 3147 kW
Hour Load (kW) = 28 2 Avg Day Max: 25,29 KW
0 8.000 21 28 Average: 14.25 kW =
= Avg Day Min: 5.96 kW

1 8000 | |3 14 % Minimum: 3.32 KW
2 8000 | | 7
3 2000 0 0 T T T T T T T T T T T

I ) 'S & ™ s 3 Q ~ "
4 8000 | Q ~ © ) G K ) % A I N N v? &£ & e &
3 o 342049

A \ 0 A ' # l 7
6 13000 \ q,-.ow.-n"&ry ”-\. Ll ,,W. i n
| ik i ied m‘(*'% 1%: "
7 13.000 y ! N I . A.-\‘ l"' |
8 13.000 ‘i
9 13.000
oxw
10 15000 -
Metric Baseline Scaled -[] Efficiency (Advanced)
¢ ) ] Average (kWh/d) 333 333 Efficiency multiplier:
Time Step Size: 60 minutes
e Average (kW) 1388 1388 Capital cost (S):

Random Variability y Peak (kW) 342 342 Kl
Day-to-day (%): | 10 Load Factor a A Lifctme b
Timestep (%): 20
L Load Type: @ AC () DC

Nanl Manshi lnmeenme

Scaled Annual Average (kWh/d): 3o @

Figure 6 Load specification’s
There is various loads like residential, industrial are available from which residential is selected in this
simulation. Monthly loads are selected as per the study.
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1. RESULTS:-

Result obtained after running simulation is shown in figure below.

Euport.. Column Chaices.. Sensitivity Cases: Left Click on sensitivity case to see optimization cases.
Architecture Cost System Genl0 v TeWh Ll
- W o Genll Converte 0 NPC o | Operating cost o | Initial capit n Frac . : . .
L -+ ﬂ o Y JkM: VAR T I‘Lf"t 'Y Dispateh ¥ (.S\E Y rEk Y Oper :(IQC Y ”E“_;P‘ g Y RE[_EE V| Hours ¥ Production ¥ F:I l Y Capital Cost Y| Production ¥ | Autoromy | Annual Throug|
(kW) (kW (kW) (b)) [0} 3 ] 7o) 1kg)
M 500 o 012 §176231 §13304 $4250 100 8760 133439 8
{ [ y
Buport., Optimization Cases: Left Double Click on simulation to examine details, %) Cateqorized | Overall
Architecture Cost System Genld v Tewhl
- W o Genll Converte, 0 NPC o7 | Operating cost o | Initial capit n Frac . g . .
L m W ¥ ka: Y 1w ¥ : ::(*Ert r\? Dispatch V (.S\E Y rEk Y Ope :(Igc Y HE“.;F‘ ! Y Re[_ia ¥ Hours ¥ Production ¥ F:I l YV Capital Cost | Production | Autonomy | Annual Throug
W) "W (ki) o " @8 ) (kg)
b 500 c 012 §176231 §13304 4250 100 8760 133439 8
Y-+ ﬂ W4 00 i 0123 §193006 §12,520 §31250 100 5380 133688 iz 2 36,698
Pya m 00 500 4 300 c 0241 377963 §7.481 §281.250 100 2588 T2T8 I 250000 152630 2 29381
L ﬂ 00 3500 300 c 0252 $395973 99803 §260.250 100 6220 90487 58 250000 152690

Figure 6 Results of simulation
There are two results available in HOMER like sensitivity analysis and optimization analysis. In optimization
analysis ,numbers of overall results are found. From various overall combinations ,some categorized combinations
are found which are most effective ones shown in table.

(AVA CONCLUSION

In developing country like India effectively utilizing energy resources is a key issue. Homer gives very good
solution for effectively utilizing the resources. Sensitivity analysis and Optimization are the key elements of the
software. Once the site is selected for placing the key components of power grid components. Homer gives best
combination for running those plants effectively and efficiently with low emissions.
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