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ABSTRACT: The demand for electricity power is increasing day by day. Renewable energy sources such as wind,
solar are universal and ecological. These renewable energy sources are best options to fulfil the world energy demand,
but unpredictable due to natural conditions. The use of the hybrid solar, Diesel generator and wind energy system like
will be the best option for the utilization these available resources.There is a need optimally and economically design
and develop all the possible non-conventional energy resources to reduce the void between supply and demand of
electrical power.A hybrid system is designed for Jodhpur in which the designing of grid deals with Diesel genset, wind,
solar and converters installation which decreases amount payable to grid. Analysing different cases and according to
these cases we can evaluate their power generation, pollutant gases emissions, net present cost and average electrical
production cost are estimated using HOMER Pro software.

KEYWORDS: Renewable Energy, HybridPower System, HOMER Pro, Optimization & Sensitivity Analysis
LINTRODUCTION

Power from conventional means of energy resources has become extremely hazardous for environment in terms of
greenhouse gases emissions. These resources are limited and power generation using these resources is expensive.
Non-conventional sources of energy (Wind and Solar) can play a very important role in fulfilling the energy demand of
the world. Solar power generation using PV is very simple in construction, compact and can be installed domestically
for power generation. Many authors have proven that grid connectivity with hybrid system has been more efficient and
reliable than standalone system . HOMER Pro is used for the optimization of the proposed hybrid power system.
HOMER is used to analyse the physical behaviour of the power system and its life cycle cost, which includes its
installation or capital cost and running cost over the entire life period of that power plant. Lifetime of power plant is
also specified in HOMER options for power plant life.

HOMER performs three basic tasks based on raw data provided by the user. These three tasks are simulation,
optimization and sensitivity Analysis. HOMER can simulate a variety of power combinations such as PV arrays, wind
turbines, utility load, generators and battery backup etc. HOMER Pro features our new optimization algorithm that
significantly simplifies the design process for identifying least-cost options for micro grids or other distributed
generation electrical power systems.

ILRESOURCES DATA
Data is downloaded from NASA Prediction of worldwide energy resources.
1. Solar GHI (Global Horizontal irradiance)
2. Wind
3. Temperature
1.Solar Resource shows amount of solar radiations that strikes with the earth surface in a typical year. In Homer pro,

this is the input parameter for solar GHI resource.
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Table 1Below Table shows the Monthly Average Solar Global Horizontal Irradiance (GHI) Data

N— Clearness | Daily Radiation
Index (Wb d a
Jan 0605 2950
Felk 0.597 4.580
Mlar O.607 5.540
Apr 0617 5400
Plays 0616 5.820
Jun o.s88 5.630
Jul 0.5032 S.600
Aug 0.501 5.200
Sep o.558 s.210
Ot 0.579 4680
Plon o602 4.080
Diec o.585 2600
Annual Average (KWh/m=/day): 5.21
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Fig.1: Solar Radiation intensity of whole year

2.Wind data: Wind resource shows the average monthly wind speed of Subject area that is shown below.

Table 2 Below table shows Monthly Average wind speed data of a location

— ;:.:Iuerage (s
Jan s.080
Felk 4970
Mar 4.530
Apr s.230
L E 5800
Jun 6810
Jul 6.210
Suag S_4a0
Sep 4. 7o0
Oct I 900
NP 4300
Die=c 4. FFO

Annual Average (Mmfs): 5.26
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Fig.2: Wind speed data of months from January to December
3.Data related to Temperature : Temperature resource shows the Average monthly Temperature of Subject area that is
shown below.
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Table 3 Below table shows the monthly average data of temperature of a selected location.

Monthly Average Temperature Data
Daily
Month Temperature

O

Jan 15.960

Feb 19.100

Mar 25.160

Apr 30.620
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Dec 17.700
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Fig.3: Temperature Data of whole year

III.LOAD PROFILE

Insert electrical load of Hourly resolution in homer which means a time series data for electrical consumption for each

hour. Load profile advised the mean energy consumption by the subject area and it is 948.77 kwh/d and the peak is
161.179 KW.

Time Step Size: 60 minutes Daily Profile

Random Variability 100

Day-te-day (%): 16.742
Timestep (%): 13.049

Peak Month: January

< ™ L] o o - o o
Fig.4: Daily Load consumption of Subject area
Seasonal Profile
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Fig.5: Graph shows how much electrical consumption we have in a year
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Table 4Below table shows the monthly average load of a selected location.

Metric Baseline Scaled
Average (kWh/day) Q4877 94877
Average(kW) 3953 3953
Peak (kW) 16179 16179
Load factor 24 24

Yearly Profile

T T 1
1 S0 180 270 363
Day of Year

Fig.6 : Plot of Yearly Load consumption of subjected area

IV.OPTIMIZATION RESULTS

HOMER Pro analysis is used to simulate various schematics of power plants and then those schematics are simulated to
find most optimized power plant configuration with respect to operating cost, net present cost (NPC), gases emission
and economic comparison etc. Now, there are three kinds of results provided in the optimized results.First case includes
the combination of Wind and PV with local grid supply and simulation results are shown below

G‘I;id Acﬂejtl‘ic Load #1DC PV @
iyplINcd

161.79 kW peak
Converter

AH-P-

Fig.7: Schematic Diagram of Case 1st

_—ye
IO

Table 5Below table shows the Categorized HOMER optimization results for Case 1st

P Optimization Results
ibinkod Left Double Click on a particular system 1o see its detailed Simulstion Results.
Architecture Cost System
. gory| Huawei30 Huawei30-MPPT Grid Converter = NPC COE Operating cost Initial capital Ren Frac Total Fuel
L
al k. g ¥ ) Y@V e ¥ g ¥ D ¥ @V o @Y (8Am) OV ™y Y ey @Y wm ¥
& 4 0 e 300 3 99999 285 €€ s, S187M 50411 $117.712 5343818 350 0
£
-~ I s92 300 99999  29.1 cc ¥ “76\, $1.90M 50425 $130,463 §216,327 252 0
= I
4 B 6 99,990 cc iﬁ“.!; e S0469 §143,028 5300,000 223 0
" N
i 99,999 cc $220W [ 17BBS00. $173,151 50.00 0 0

Huawei System
SUN2000 Comverter
200 with
Generic BV

Fig.8: Contribution of each component in Net cost in Case 1*
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Table 6 Below Table shows the contribution of each component in Net cost in case 1st

Component Capital ($) Replase M (%) Fuel ($)| Salvage ($) Total ($)
Generic 10 kW $150,000.00 47 é2 T’.“i‘ﬂ S0.00 (%26,950.26) $190,262.12
Grid 30.00 $0.00 50.00 $0.00 $1,470,531.71
Huawei SUN2000 30kW with Generic PV $185,260.21 $0.00 50.00 50.00 $193,243.39
System Converter £8.558.11 $3,630.98 50.00 ($683.29) £11,505.71
System $343.818.32 §51,452.00 §1,497906.16 S0.00 (827,633.65) §1,865,542.093

Table7The Economics of Case 1st is shown below

Metric Walue
Present worth (§) 4372 863
Annual worth ($/yr) 128 843

Return on investment (35)  12.2
Internal rate of return (35)  16.0
Simple payback (yr) 6.00
Discounted payback (yr) 7.63

Maonthly Elec

™ Huawei30 50

Grid 40
.

I _— . —
z ., mmm R BN S .
10
od
Jan Feb Mar Apr May Jun Jul Aug Sep Oct MNowv Dec
Fig.9: Contribution of Each component in Electrical Production for Case 1st
Table 8Below table shows the components produced electricity in a year for Case 1st
Production Kwh /year %
Huawei30 87871 24.7
G3 39470 11.1
Grid Purchases 228542 64.2
Total 355883 100

Y Power Output

30 kw

24 kW

18 kw

12 kW

T T 1
1 90 180 270 365

Day of Year

Fig.10: Output of PV of Whole Year in case 1st
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Table 9Below table shows the penetration of PV in whole year for Case 1st
Quantity Value | Units
Minimum Cutput Q W
Maximum Cutput 30.0 W
PV Penetration 254 S
Hours of Operation 4,379 hrsfyr
Levelized Cost 0.170 SR

Wind Turhine Power Output

l‘\ Il
l“ M ll,t'm

il

1 S0 i80 365
Day of Year

Fig.11: Output of Wind Turbine of whole Year in case 1st
Table 10Below table shows The Penetration of Wind turbine in whole year for Case 1st
Quantity Value | Units
Minimum Output )] kW
Maximum Output &0.0 kW
Wind Penetration 22.8 %
Hours of Operation 6,767  hrs/yr

Levelized Cost 0373 $/kWh
Energy Purchased from Grid
140 kw
112 kw
84 kW
56 kW
28 kKW
- - 0 kw
1 S0 180 270 365
Day of Yzar
(a)
/= Energy 5old to Grid
244 30 kW
184 24 kw
& 18 kW
S EE
_!:L: 12 kW
- 6.0 kw
|}_I T T T 1 l:l kll"r
i oo 180 270 383
Day of Year

(b)

Fig.12: Output of Grid of a Year in 1st case

Second caseincludes the combination of PV,Converter with Grid supply and simulation results are shown below
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AC DC
Grid Electric Load #1 PV
<]

ra -
948.77 kWh/d
161.79 kW peak

Converter

-

Fig.13: Schematic Diagram of 2nd Case

Table 11 Below table shows the Categorised Homer Results for Case 2nd

Eport.. . thimizaﬁon Resylts o
Left Double Click on a particular system to see its detailed Simulation Results.
Architecture Cost System
7| g Huawei30 o Huawei30-MPPT | Grid o | Converter NP., COE Operatmg cost Initial capital Fben Frac Total Fuel
o "
FTE o ¥ Vw0V g0V T OV 0V um ¥
® i 62 300 99990 29,1 C $‘I.?BMD $0.425 §130,463 §216,327 252 0
' ,'E.:\
99,999 C 52‘3241*3’?\-, $0.500 §173,191 §0.00 0 0
\Fd
“Grid . Huawei I Systermn
~y e SUN2000 Converter
~S) S 20KW with
LS Generic PV
Fig.14: Contribution of each component in Net cost in 2nd case
Table 12 Below Table shows the Contribution of Each component in Net Cost for Case 2nd
Component Capital ($) ‘Réffré’éé;mm;_cSJ Q&M ($) Fuel ($) Salvage ()| Total ($)
Grid $0.00 *ﬁ:r’ﬂﬂ 43 67460476 $0.00 $0.00 $1,674.604.76
Huawei SUNZ000 30kW with Generic PV $207,593.75 $000 WS ’5‘&9345 ST 50.00 $0.00 £216,539.32
System Conwverter £8.732.81 $3,705.10 @m S0.00  (5697.34) $11,740.58
System £216,326.56 $3,705.10 §1,683, 55033 £0.00 (5697.24) §1,902,824.66

Table 13 The economics of Case 2nd is shown below

Metric Value
Present worth ($) $335,521
Annual worth ($/yr) $25,954

Return on investment (%)  15.7
Internal rate of return (%) 196
Simple payback (yr) 5.04
Discounted payback (yr)  6.16
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Monthly ElecHié(fraguction
Huawei30 50 Y
Grid 0

30

MWh

20
10
o+

Jan Feb Mar Apr May Jun Jul Aug Sep Qct Nov Dec

Fig.15: Contribution of Each component in Electrical Production of Case 2nd

Table 8.14 : Below table shows the components produced electricity in a year for Case 2nd :

Production Kwh /year %
Huawei30 91816 26.2
Grid Purchases 259076 73.8
Total 350892 100
3 7PV Power Output
30 kw
24 kW
18 kw
12 kW
6.0 kw
- . - . 3 0 kw
1 S0 i80 270 365
Day of Year

Fig.16: Output of PV of a Year in 2nd case

Table 15 The penetration of PV in whole year for 2nd case is shown below

Quantity Value | Units
Minimum Output 0 kW
Maximum Qutput 30.0 kW

PV Penetration 26.5 %
Hours of Operation | 4,379  hrs/fyr
Levelized Cost 0.182 $/kWh

Energy Purchased from Grid

0=y T T T
1 90 i80 270
Day of Year
(@)
A Energy Sold to Grid
24 - Y 1.0 kw
18 - 0.80 kW
= 060 kw
512
2 O.20 kw
s 0.20 kw
o r T T T 1 o kw
1 =0 180 270 365
Day of Year
(b)

Fig.17: Output of Grid in 2nd case
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Third case includes the combination of Wind turbine, PV and Diesel generator with local grid supply and simulation

results are shown below

AC

Gen50 Electric Load #1

DC

PV

&) [

948.77 kWhy/d
161.79 KW peak

Grid Converter

Fig.18: Schematic diagram of 3rd case in Homer

Table 16 Below table shows the Categorized HOMER optimization results for Case 3rd

Optimization Results
Export.‘ Left Double Click on a particular system to see its detailed Simulation Results. e Categor\zed Cuerall
Architecture Cost System Gen30
" ha\-,eGO Huawei30-MPPT Gen30 | Grid < Converter NPC COE Operating cost Initial ca \tal Ren Frac Total Fuel Production <, Fuel
td = P g P
F+ & e ) (kW) vey kW) v (kW) v (kW) V' Dispatch ¥ 0 i ] oV ) ov ® ) ov (L) | Hous ¥ {kWh) v 0 Y
LA NEE 8l [E7 300 2 S0 99999 c mw 0369 §104270 §311.756 3 54882 4565 173440 54882
L -G o AT 300 00 99999 0373 §113662 $198,325 29 62077 5155 196232 62077
&l 00 99999 0412 §140619 §25,000 0 90620 7054 289307 90,620
4o 1500 99999 0412 §137007 $75,000 380 87,59 6960 278806 8759
LA I s 300 3 99,999 s TR §343218 350 0
$1,000,000
§900,000
$800.000
§700,000
$600,000
3500000
0,0
$300,000
$200.000
Grid Huawei System
SUN2000 Converter
30KW with
Generic PV
Fig.19 Contribution of each component in Net cost in case 3rd
Table 17 Below Table shows the contribution of each component in Net cost in case 3rd
- \\.J.r , 1
Component Capital (§) Ren'a‘r&éﬂép‘ffﬁ O&M () Fuel ($) Salvage () Total (%)
Generic 10 kW $100,000.00 331, 3806’4 _’ §12927.52 3000 ($17,966.84)  $126.841.41
Generic Small Genset (size-your-own) $25,000.00 488,505.95 5&8,\5\1“) 17, $709,481.60 (82,345.67) $909,163.05
Grid £0.00 £0.00 8426, 31‘3.@3 $0.00 $0.00 $426,313.98
Huawei SUNZ000 30kW with Generic PV $178,176.09 $£0.00 §7.677.91 $0.00 $0.00 $185,854.01
System Converter $8,579.40 $32,640.01 $0.00 30.00 (5685.09) §11,534.32
System $311,755.49 $124,026.70 §535,440.58 $709481.60 ($20,997.60) $1,659,706.77
Table 18 The Economics of 3rd case is shown below
Metric Value
Present worth ($) $578,700
Annual worth ($/yr) $44,765
Return en investment (%) 18.1
Internal rate of return (3%} = 22.7
Simple payback (yr} 438
Discounted payback (yr)  5.14
IJAREEIE © 2023 | AnISO 9001:2008 Certified Journal | 100



http://www.ijareeie.com/

International Journal of Advanced Research in Electrical, Electronics and Instrumentation Engineering (IJAREEIE)

| e-ISSN: 2278 — 8875, p-ISSN: 2320 — 3765| www.ijareeie.com | Impact Factor: 8.18|

[[Volume 12, Issue 1, January 2023||

[DOI:10.15662/IJAREEIE.2022.1201009|

Monthly Elecl.ﬁc:"[:‘.fs.){i‘v@}.-ﬁpn

M Huawei30 50

M Grict a0
Gen50
G3

301

al 8 1T 8 R ITITT9YI.

10+
0

MWh

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mowv Dec

Fig.20: Contribution of Each component in Electrical Production in case3™
Table 19 Below table shows the components produced electricity in a year for 3rd case

Production Kwh /year %0
Huawei30 86453 24.5
Genset 50 173441 49.2
G3 26313 7.46
Grid Purchases 66339 18.8
Total 352546 100

20
15
£ 10
5
0
J Feb Mar Apr May Jun ul A C}ct Mow

Fig.21: Fuel Consumption of a year

Generator Power Oulput
=

j,f 'W'WT
I ir)l e | iﬂ;'yt.'{\

Dav ofvégp 270

Fig.22: Diesel Generator output
Table 20 Below table shows The penetration of Generator in whole year in 3rd case

Quantity Value Units

Electrical Production 173441 KWhiyr

Mean Electrical Cutput 38.0 kW

Minimum Electrical Qutput  21.2 kW

) Maximum Electrical Cutput  50.0 KW
PV Power Output

30 kw
24 xw
18 kw
12 kw
5.0 kw
O kw

Fig.23: Output of PV of Whole Year in case 3rd
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Table 21 Below table shows The penetration of PV in whole year in 3rd case

Quantity Value | Units
Minimum QOutput o kW
Maximum COutput 20.0 kW
P\ Penetration 25.0 %
Hours of Operation 4,379 hrs/fyr
Levelized Cost 01686 3/kWh

Wind Turbiné Power Output

12 kw

8.0 kw

4.0 kw

0 kw

Fig.24 : Output of Wind Turbine of whole Year in case 3rd

Table 22 Below table shows The Penetration of Wind turbine in whole year in 3rd case

Quantity Value | Units
Minimum Output 0 kW
Maximum Output 200 kW
Wind Penetration 760 %
Hours of Operation 6,767  hrs/fyr
Levelized Cost 0373 3/kWh

Energy Purchased from Grid

(a)
=) o Energy Sold to Grid

24 20 kw
16 kw
o 12 kw
513
g B.0 kw
e
B 4.0 kw
o : : : o w
1 50 180 270 255
Diay of Yaar
(b)

Fig.25: Output of Grid of a Year in3rd case
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V. RESULT AND DISCUSSION

The results are sorted in such a way that the third case is the most economical in terms of operating cost, net present
cost and cost of energy.

Table 23 NPC and COE of different Configurations

Configuration Net Present cost (NPC) in $ Cost of energy (COE ) in $
Case 1st : PV, Wind turbine,
Converter and Grid 1865,543 0.4106
Ca§e 2nd : PV, Converter and 1902.885 0.4251
Grid
Case 3rd : Diesel Generator, PV,
Wind turbine, Converter and 1659,706 0.3687
Grid

We can conclude the third configuration has the Least NPC and COE Hence third Case is the most Economical
Optimised result in Homer.The basic objective is to optimize and analyse the minimization of pollution gas emission,
NPC, electrical production and consumption, monthly electrical production for proposed hybrid power system. After

analysing the obtained results, this proposed model provides the best compromise solution.

(1]

[10]

[11]

[12]

[13]
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