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NATTHAPON DONJAROENNON : THE STRATEGY OF ENERGY
MANAGEMENT SYSTEM FOR INDUSTRIAL LOAD BY SOLAR
ENERGY USING HOMER SOFTWARE. THESIS ADVISOR : ASST.

PROF. UTHEN LEETON, Ph.D., 102 PP.
SOLAR CELL/REDUCING ENERGY COST/ENERGY MANAGEMENT

This research demonstrated the energy management system of SNC FORMER's
management by considering SCAN-SNC buildings that were selected to test the energy
cost reduction policy. The factory is located in Nikhom Phatthana District, Rayong
Province, SCAN-SNC building has an average load requirement of 430500 units/year
and the maximum demand for electricity is 186 kilowatts in 2020. This research,
therefore, presents an energy management strategy by simulation. In homer software,
The result of a base case or a base case without a rooftop solar installed has energy
consumption. The cost of energy per unit (Cost of Energy: COE) is 3.39 baht/kilowatt-
hour. The simulation is divided into 4 methods of power management: In‘the first case,
a 100-kilowatt solar rooftop is installed, the COE value is 3.05 baht/kilowatt-hour. In
the second case, simulate a 150-kilowatt solar rooftop, the COE value is 2.90
baht/kilowatt-hour. The third case simulates a 200 kW rooftop solar installation, the
COE value is 2.98 baht / kWh and the last case is the optimum solar rooftop installation
for the current load. It turns out that it has to be installed. The solar rooftop of 148 kW,
COE value is 2.90, from the first strategy, COE can be reduced from the base case to
0.34 baht / kW-hour. The second strategy can reduce COE from the base case by 0.49
baht / kW-hour. Strategy 3 can reduce the COE from the base case by 0.41 baht / kW-

hour. And the last strategy can reduce the COE from the basic case by 0.49 baht / kW-



hour. Strategies with more rooftop solar installed This makes it still unsuitable for the
current load and the investment is still quite high, but the price of the rooftop solar
installation continues to decline every year. Therefore, solar power is another option to
reduce the main energy cost of Power generation and increase stability and efficiency

for industrial needs.
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+ Half Cell
* Mono PERC 66 Cell

Positive power tolerance of 0~+3%

Current(A)

Voltage (V)

Cheetah Plus HC 66MB
345-365 Watt

MONO PERC HALF CELL MODULE

(M ) Jomod

Guaranteed Power Perormonce

0%

831%

PERC

Adgip
‘OUQ[
“Ae fro, o,
inko s
olay,
s ling,
Qr wy,

W inear performance warranty

Standard performance warranty

319 2.6 JINKO Solar Cheetah Plus HC 345-465 Watt

U

SPECIFICA

Maodule Type

Maximium Power (Prmax)
Maximum Power Vialtage (Vmp)
Maximum Pawer Current {Imp)
Open-circuit Voltage WVoc)
Shart-circuit Curréent (14c)
Maodule Efficiency 5TC (%)
Operating TermperatureT
Muaximum systermn voltags
Maximum deries fuge rating
Power tolerance

Temperatune coefficients of Priax

Temperature coefficients of Vac

Temperature coafficients of ke

JEM 345 MBEHE

STC WCCT
JENp
38 53V

25TWp
33 51
9424  7BEA
4183 4100V
100134 BU1BA

18.24%

Morminal aperating cell terperature (NOCT)

JEMISOM-GEHE
S1C NOCT
50  2G0MIp

3669 3360V

JEB 355M-CEHB
STC MOCT
358Wp

3.7

284Wp
3368V
7B

41,14V

SUBEA,
4368V
10.37A &304
19.79%
A0C-+85C
LoD arec]
20

O=—=3%
0.35%C
0.28%MC
0.048%MC

A5+2°C

JEMBEOM-EEHE

S 35 50 BEHEB

STC NOCT STC WOCT
AE0Wp  JEAWp IESWp 2TIWp
SE ATV 33 TEV IEATV ARV

THA 934 G004  B03A
4370V 4118V 43TV 4119V

DLA0A 0 (BATA 10614 B.5TA

200N 20.33%

G

319 2.7 quauiavee JINKO Solar Cheetah Plus HC 345-465 Watt
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Intelligent service with = X
SMA Smart Connected | '4‘ SMA Shudele

Efficient Safe Flexible Innovative

« Maximom eficiency of 98.4%.  DC surge arrestes (SPD type 1I) « DC inpust valtoge of up to 1000V « Cutfing edge grid management func-

« Yiekd increase wihout inskclioion S beniegroded o iMolisring opolbili for opfisus ions with Infegrated Plant Control
efiort due fo ilegrated shade systom design o Rixaclive powes avaloble 2417
management SMA Shadefix « Opiional disploy (Q onDemand 24/7)

SUNNY TRIPOWER 15000TL / 20000TL / 25000TL

The versatile specialistfor large-scale commercial plonts and solar power plants

The Sunny Tripower is the ideal inverter for large-scal ial and industrial plants. Not only does it deliver extraordinary
high yields with an efficiency of 98.4%, but it also offers enormous design flexibility and compatibility with many PV modules
thanks to its multistring capabilities and wide input volioge range.

The future is now: the Sunny Tripower comes with cuttingedge grid g functions such as Integ
Plant Confrol, which allows the inverter to regulate reactive power at the point of common coupling. Separate con-
trollers are no longer needed, lowering system costs. Another new feature—reactive power provision on demand
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«title, author, and notes
(project description) if desired.

*Project Location

*Resources(1)

*Sensitive analysis values input

*Create a synthetic load from a profile
*Import a load from a time series file

*Component settings (Generators, PV,
Wind Turbine, battery, Flywheel,
Converter

*Input data of Solar, Wind,
Temperature, Fuels, Hydrokinetic

*HOMER simulations results
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NO. Hybridized configurations NPC COE ($/kWh)
1 PV-WT-DG-BAT 229854 0.220
2 PV-DG-BAT 230984 0.221
3 PV-WT-BAT 256372 0.245
4 PV-BAT 265040 0.254
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Max. discharge  Battery

Es!se Batte%‘y' Name Capacit}f Voltage power Cost
No. (Li-Ton) kWh) (V) W) (SEW-h)
1 lon Edison LFP T00AR Sd.6 48 9.6 29,700

2 lon Edison LFP 1400Ah 67.2 48 19.2 21,447
3 lon Edison LFP 2100Ah 100.8 48 28.8 86,564
4 lon Edison LFP 2800Ah 134.4 45 25.8 115,298
5 lon Edison LFP 3500Ah 168.0 48 48.0 164,798
6 lon Edison LFP 4200Ah 201.6 48 45.0) 2300897
T  lon Edison LFP 4900Ak 239.2 48 96.0 268,024
8 lon Edison LFP 5600AR 265.8 48 96.0 306,658
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[Rencwable Penctrabion  Genene flat plate PV Emissions

Production Wiy | % Cansumption WWhir %

Generic flat plate PV 32874 2 AC Primary Load 120499 100
Generic 25k\W Fixed Capacity Genset 88163 6 DC Primary Load 0 o
Ganare 25kW Fixed Capacity Genset (1) 26920 1 Tatal 120499 100
Total 157956 1

“ ] »
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Cost Summary Cath Flew Compare Economics | Electiieal | Fuel Summary  Generic 25KW Fixed Capacity Genset  Genesic 25KW Fixed Capacity Genset (1)

Quantity EWhiyr | %
Excess Electricity 37457 237
Unmet Electric Load 0 o
Capaeity Shortage o o

Quantity Vilue,
Fenewable Fraction 0
Max. Renew. Penetration 963

Nl
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Tuaq9 22-33 kv a1ua3199 3.2 1amaaanu i vim/miae 489999 ON Peak, Off Peak 11

Youaswordingaagil 3.7 muminoas 1-3 awdey

a319# 3.2 1 lThvinalvgimesuuy ToU

(PEA)

. o u S Peak Load | awasnulwih (THB/KWh) musms
szaunsaau Inlih
THB/kW On Peak Off Peak THB
Fl Pl
1. usaduaaug 69 kv yu 'l 74.14 4.1025 2.5849 312.24
2. USIAUFI 22-33 kV
132.93 4.1839 2.6037 312.24
(PEA)
3. USIAUAINI 22 kV
210 43297 2.6369 312.24
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— Farameters Rate Definition Demand Rates Reliability Emissions @
@ Step 1: Define and szlect a rate: ©
Gnd Rate Schedule

Price  Sellback 00:00
B/kWh  B/kWh |

A reak [l 21839 00000 st R
A OFFPEAX 2.6037 0.0000 Edit 3

< @ |
Step 2: Szlect perind: |
S All Wesk :

Weekdays

Weekends 1

Step 3: Click on the chart to indicate when the selacted
operating mode applies. 1

Jan Feb Mar :\p‘l .Ma._',r. lun Jul -Au{:i- SEF:l " Dect Nov Dec

11 3.7 mislmesnasau Iuihuagdn Tusmsiaunnaisie Tou

Y
MNIAANANAONAINAVAY 1 -3 9101U 1ABNA1TI9 ON PEAK — OFF PEAK 404
FENINIU MHUUATIAT VIN/MUIY Tunaneiay 2 1agfiua%799a1 ON PEAK — OFF PEAK
1 IS 2 o <3 1 @ A 3
awvneay 3 Tagarvzifulawaisis TOu mniu iinisida Tvaaaeg Ui 3.8 fviua
Y
A1 Tnaa mudoyanis 1y Ivanvedlssnu aankiaumuoay 1 -3 mniuldan Ivaaves

Tsaud) w.a.2563 Nimsiunn 131 EXCEL aslunsounuiemy 3
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A15197 3.3 Price of Component

Operation &
Initial Capital Cost Life Time
Component Maintenance Cost
(THB/100kW) (Years)
(THB/Year)
PV Solar roof
2,800,000 30,000 25
(JINKO JKM365)
Inverter

205,000 - 15

(SMA-SUNNY110)

*THB=Thai Baht



Remove

Copy To Library
Sizing
&) HOMER Optimizer™
Search Space
Advanced

PV q MName: linko Solar365JKM365M-7 | Abbreviation:  Jin365
Properties Cost
Name: Jinko Solar365JKM365M-7 Capacity Capital Replacement O&M
Abbreviation: Jin365 (i @ @ (/year)
Penel Type: Flat plate 100 || 2,800,000.00 0.00 30,000.00
Rated Capacity (kW): 0.365 Lifetime More...

time (years):

25.00 @

Temperature Coefficient: -0.40900
Operating Temperature (*C): 44.9
Efficiency (%): 13

Manufacturer: Jinko Solar

CEC PV Modules Site Specific Input

Motes:
1 AN
This component comes from the Derating Factor (35): £5.00 @

A A s ° s <
gﬂ‘ﬂ 39 Wﬁ13JL¢1'€)3ﬂﬁﬂﬂ'iuﬂsllu1@!&ﬂ$51ﬂ1ﬂ1@\11“ﬁ615‘gw1ﬂﬂﬂ

System Converter |~ Name: System Converter

Complete Catalog Abbreviation: Converl
Costs

CONVERTER® a

Properties
Capacity Capital | Replacement O&M
Name: System Converter (kW) (&) )] (Biyear)
Abbreviation: Converter 100 8205,000.0¢ 8205,000.00 BO.O

www.homerenergy.com Click here to add new item

Notes:
This is a generic system converter.

Multiplier: @

Inverter Input .

Generic
homerenergy.com

T o

Lifetime (years): 15.00

95.00 @

+ Parallel with AC generator?

Efficiency (%)

Could not eonneet to the Tnternet. Some features will be un

© O

Efficiency (%)

Remove

Copy To Library

Capacity Optimization
# HOMER Optimizer™
Search Space
Advanced

— Rectifier Input
@ | | Relative Capacity (%):

100.00 @
95.00 @

{ A 2 o s s
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9 ] L3UAINY (Initial Cost) |wasouidssuiinldeal (MTHB) NPV IRR | NPV (O&M) [capital cost (MTHB) |
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31 20 0.491 5.41 0.82 | 0 |
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3% 25 0.491 7.87 1.43

d' . Aq Yo ~ A A
Eﬂﬂ 3.11 Microsoft Excel ﬂﬁlsﬁﬂ1u’3mﬂ’ﬁllﬁﬂUlﬂﬂUﬂ’J’]Nu’]lEﬁ@aﬂmaq HOMER



38

o J (Y] (Y]
35 iﬂﬁﬁﬁ%T\ﬂN!ﬂﬁ!!ﬂﬂ%1ﬁf’)ﬂﬂﬁq‘ﬂﬁﬂ]ﬁﬂﬂﬂTﬁWﬁQQTN

2 L P 2 o
1INTUABUNITAIA IO NALIS HOMER 9218 lutaauuuinsaeinagninisia

o o = VA a 2 P Y, s a
MINAIUAUN 3.12 aldeuvinamsaansawnagnsneonuuu liamwviuna Taasgun
o 3 { 4 o o

1) 50 kW, 100 kW, 150 kW, 200 kW tazuuialearsginedimuizan e ldworduas
o a g = 4 d’ ) =~ [ U 4 I'4
MUIVINITINDT A9 TV UIATHFMARs et fSeumeuiugasaenans

= A 1 o o a Y A
m’;mmmzﬁuma"lu ’mm‘m1mmiwmimm$1%mﬁww 34

AC oC AC o<
Grig  |tecrictosas1|  aa36s Gria  |Oecrictosam|  ades
b AN L. 4 e 9| |-a
e [PV 100 kKW i |Optimal PV
5600 MY ok ek | (145 W)
Converter Converter
? - L Z -
AC oC AC oC
Gria Bectriclosa#1|  3nal6s Gria Clectriclopd 1] Jmd65
AllUe . o i ' o
umant | py 200 kW
] ~ 2
o ek | PV1S0KW 15600 KNV puak
Conitrter Converter
- 7
- )

< I3 J @ [
Eﬂﬁ 3.12 TaJmamimamﬂaqmmﬁmmiwawm

1 Y
A13197 3.4 15N51AINTAAAT Solar Rooftop

971315101 Solar Cell flainnaz (vn)
§1n1 100 kW 45000
100 kKW 93 199 kW 35000
200 kW 99 499 kW 32000
500 kW 84 999 kW 30000
| MW 20000

IS) dl ds! v
*31me1aimilasundasiununisaain

3.6 agl
~ I as o a Aa v dy 1 = =) 4 o a gﬁ
1NUNN 3 1UIFTNTANUUNIUIVY uumzﬂanmmi@"lcmLm‘umammm@m
1 o = v ° o
Solar Rooftop YUIARN -"umﬂaqmﬁaammu WNAAWD V1N Simulation %m"lﬂmmmmi
= ~ 1 J 4 1A A A ' o
WSeuneusernesenanls HOMERLLﬁgq{ﬂiﬂN Excel MUANUIUUDUNIDUANANNNUY

081415 Tuundalyl



YN 4

a d
Nﬁﬂ]ﬁﬁﬂ‘]&ﬂ HAZNIAUAITHING

41 umn

a o a Aa o 1 ) @ o o 4 o
91N3FN1TANTUNITITY UNTUIL U UTUONAANTUDINITTIA0INAYNTNITTA

o 2 @ P A a 2 s g
MINAINUNT 4 NAgNTINsoALIT HOMER A0 (1) M13aand laarsgnnelvuia 100 kw,

a & s a ¥ s
2) mm@mi%magﬂmﬂmum 150 kW, (3) mm@mimmagﬂmﬂmum 200 kW ag (4)
a g.ll 4 < { { ) [ ] { [ {
nsaaaslaas el iz auigadmsy Ivaatagiuniinis ldnasau ldflunde
a2 P < s Jo & =2 Y a ¢ o
500000 kWh/year dn3a¥aLds HOMER Hugendusdniozlasiesiniizvuasiiuin
=1 1 a 4 9 ] d‘ =\ 4 d 1A
MafFeumeua s meIneaIuMIaInu lunsmageuauL s ovo s AT 111
1T A9 a9

o o 9 A = 1 [ 1 o
ﬂ')’lmﬁll’lgﬁllﬂﬂﬂ’liu’lblﬂcl"]ﬂ'luWiﬂth HUDA ﬂlﬂlﬁﬂ@’l\?ﬂﬂ@ﬂ’l\?qﬁ Iﬂﬂwaﬂ'lii]'la@\ulagﬂ'ﬁ

Aaszruaaluiitona i)

d d Y
42 MIAATHINNNABINIIAIUMTAINY
a Y A 9 ' Y
MstlsziinTasamsaanu luyuuedveud1vedInsans Wi gilsznounsazianiy
~ a [ o ==Y Jan Y [ 2: A A A U a []
N AAADULNUGNT UAINUD ﬂTHNuhlﬂuﬂ‘lJﬂﬂa tan muumimuaﬂﬁﬂumiﬂizmuﬂu
1 I A 9 o a @ o a A Jaa 9
792114 NPV IRR %50 PB 92 190 UNI2UaSUdaa ¥ad91ninn Nuulﬂu@uﬂﬂﬁ uan luvme
{ a o [ v o
71ms ‘]_]33LNNIﬂiQﬂWiﬁQ‘VJHiHHNN@QﬂJ@Q NIVAATTININUNALNUUASDUITNHNAINTU Tﬂﬂ

o @ o w v I v 2 g [} o 1
TIUNNINY LA DUITNENAINIU (and.) G?\?L‘]_]u NUITINUVDITIIS L!,mﬂmqmﬂﬁlmgwm U

o = = a

Y A 9 = 4 a
Lﬂ1sll@\11ﬂ5\1ﬂ']5 IHDNINAND. VSADIATUION Waﬂigiﬂ(’lﬂﬁl Iﬂﬂi?um@\1§$ﬂﬂlﬁiﬂﬁﬂﬁ]ﬂﬁ]$ el

@ d v a

M3 M saiy ayuniseysnEnasnu 119 waneuunuiniaenyuaz 145y n13da
HanoULNU TA8T Y YBITZULIATHENY 9z 19AT 0o NEENI1 OATIHARDLLNUMTAINUNI
tﬂ'd 1 a

IATHFMEAT (Economic Internal Rate of Return : EIRR) Tn54msaenu ilia1 EIRR tAunia

) = A A g A g A Y Y a daf
AT 0808 9 @91 150 NPV Uanduuin ﬂ’f]')'l!fﬂujﬂﬁﬂﬂ'lﬁ‘ﬂ ane. ﬁuﬂﬁuuiﬁlﬂﬂﬂ]u



40

yaa11fa91iugnF (Net Present Value: NPV) Anwaa195z119yamagiiuvesnants

Uszndadununasniuanumiaimslugddiduiniaiieglasulundazi aaoneigues
Tasans nuyamidgiivvesiuineeen il neldnisiarsu w dasianinan (discount
rate) 30A1UDINU (cost of capital) NTMUAINAITWT1IAY MsfuImrIyan Ty

ay ¥ @ dy
qns laningasasil

" ESn
NPV = 4.1
z <1+ I) ly (4.1)
NVP (Discount rate, valuel, value2, ...) + (-Initial Cost) 4.2)

a g 1 @ 2 "o o {
Discount rate i]gfg]}'l\‘if]\‘ilﬂuﬂ'llaﬂﬂﬂu@aﬂﬂﬂWQIﬂiﬁﬂ'lil,mgﬁu'ﬁ]Qﬂﬂ'ﬁ]@i'lﬂ'ﬁ]ﬂlﬁﬂﬂl@\‘l
d‘g} a R g Aa A 4 1 9 = a [
mn@m@amuwﬁiyagmgﬂu;ﬂ;mmiﬂmm31314 (base case) DYNUBYAITUATVDINUNUININD
v dy 2 o Ay Yo
ensmenioturniszsindasnulasy
Y < 1 Ao v a ' a
NPV (Net Present Value) Fﬂgllﬁﬂxﬂﬂlﬁu’ﬂiﬂiﬁfni‘1/]fﬂﬁﬂWﬂTimWﬁﬂgaﬂﬁjﬂ‘ﬁ%@iﬂWﬁ
= [ 1 A Qy [ A 9 A g 9
asmuilyanum lsiledugalasins nanmsasmune o1 NPV Ianiuuin awnsoasmu1d
v o 9 A g 1 {o o a @ ' o
GluﬂNﬂa“UﬂuﬂW NPV umuJua“u ﬁ\‘iN'ﬁi’l’aﬁﬂiﬁfﬂi‘ﬁﬂWQQWﬂTimT(’JQUlZJ!WNW%ﬁNﬂUﬂWiﬁ\inu

8n31ManoULuNU18 1Y (Internal Rate of Return: IRR) A09951AAAA (discount rate) N

o 9 1 o a a1 3 J o Y o A
ildyamidagiuvesnszualuan (NPV) Iandlugud aunsamuialdanngasas

: ESn
~lg+ ) Ay 43
0 ;(u IRR)" “43)
IRR (value0, valuel, ..., Discount rate) (4.4)

o 1 I 1 . { o 1 [ Y J
N13A1UIUHIA1 IRR NABN1511A1 Discount rate N411% NPV Hauninvgud a1a1
[ A Y 1 . . A 9 A Y I v A A Y
IRR $10N91435 01N UA1YDIU Discount rate (i) Nfasnuidonlilugadaduls ndeld
@ 1 I {1 o A a 1
Tassmsasnarndulassmsiuiasmu Taena lduda €935 UsziinTasamsnna1 IRR way
v A @ a < o o 1
NPV vz ldwamsaadulasulasenmsusedfas Tasemsiuldluihueuferdu ualy
~ A Y Y a (== @ VA o Y o A 9}3’/ Al o Y o [ g}1
vunsaii g deaund usmsnaudensia e imaenilans 2 aaudany auin

A Y A= Y o ==Y A Aq U o ) _
fﬂﬁW%1§m11ﬂﬁﬂﬂ1§aﬂnu‘ﬂ1ﬂﬂﬂ 2 IFWABDIATUIOT UDTUUA V]GlGHQlUﬂ'lﬁﬂ'IU'Jﬂ!ﬂ'JEJLGHHﬂH



41

[ { a o Ju v o
AUNUNAINY (COE) Avdunumae/ilataadn Tusvesnasau luihamisodiui

Tavnauns

COE = TAC (4.5)
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Summar y Tables Graphs al 43
Winning System Architecture Here's how the hybrid system saves money over the project ifetime. i .

D HOMER Cycle Charging
T Gna
B 5in365 - 50.0 kW

BZ) converter - s0.0 kW R NeC @ B364M 8314
Car \ Initial Capital ~ 80.00 8149M
Base Case Architecture €
D HOMER Cycle Charging T < oam @ BL46MAT  B1.20MAyr
. s » & |
P LCOE @ 8338KWh  B310MKWR

Simple Poyback @ 5.7y
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Cost Summary Cash Flow Compare Economics Electrical Renewable Penetration  Jinko Solar365/KM365M-72 Grid  System Converter  Emissions

Capacity 500 500 kw MHours of Operation 4355 0 hrs/yr
Mean Output 784 0 kw Energy Out 68700 0 KWh/yr
Minimum Output 0 0 kw Energy In 72316 0 kWh/yr
Maximum Qutput  42.3 0 kW Losses 3616 0 kWh/yr
Capacity Factor 157 0 %

Inyester Output

Rectifier Output

Time Series Plot (%) Other...

Create Proposal

{ a { a <
51 4.2 mnimesh ¥ lunsdnsgives lsariguietvuna 50 kw

= a sq 9 a s s < '
g 4.2 wisiwesnlFlunisTasiznveslearsgnedyuia 50 kW wud

[ o o ™Y Y1 A ~ =Y A 1 [
o Tearsiodnanwaa lagell Nsz@n5n1n 95% Ao 68700 kWh/Year 91NAINAIY

Y

1W#1 TOU ON Peak i 4.1839 UIN/¥1i70 Az Off Peak AD 2.6037 UIN/HHIY AIUUAUTU
(A8 (Cost of Energy: COE) 3¢A11/5zuas 3.5 THB/AWh 1o l9miuisilsendanindaaiy
a3 J < o a J a 4 [
T lu 13 msaedalsars ey FsuiuEuamu 1.49 Auum Amsiimes uaaang

M350 4.1 azmsfmuIa NPV, IRR 91ngasdaaudaslunisai 4.2

A a ¢ a @ 7 a & s =
AT NN 4.1 'Jlﬂ§'1$ﬁw1i1ilm’0§'LﬂWﬁWﬁﬂWﬁﬁﬂ@l\‘]I“]ﬂﬁWi31/\'1/]?)1]61]1!1@ 50 kW

[V & d ¢ a %
nasnunlyaSiyaananla (Efficiency 95 %) 68700 kWh/Year

91NA1319 TOU Aunagve1iaa1u 1iih ON Peak, Off Peak 1523181 3.5 THB/KWh

1 Yansodseznda’ld 68700 x 3.5 240450 THB/Y ear

(3Ua9N Y (Initial Cost) 1.49 MTHB
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39.4M

14%

- Saving Energy Saving Energy
i e Cost/Year NPV IRR Cost/Year NPV
aInNY -
(Period) (MTHB) 210 (MTHB) (%) (MTHB) 210 Excel Ain | (MTHB)
(MTHB) A -
HOMER HHAUTONAMN 0.7% / 1/
0 -1.49 0 -1.49 0 -1.49
1 0.24045 -1.25 0.2404500 -1.25
2 0.24045 -1.01 0.2344388 -1.02
3 0.24045 -0.77 0.2269367 -0.79
4 0.24045 -0.53 0.2180862 -0.57
5 0.24045 -0.29 0.2080542 -0.36
6 0.24045 -0.05 | AUy 0.1970273 -0.17
7 0.24045 0.19 0.1852057 (YARUNU) 0.02
8 0.24045 0.43 0.1727969 0.19
9 0.24045 0.67 0.1600099 0.35
10 0.24045 0.91 0.1470491 0.50
11 0.24045 1.15 0.1341088 0.63
U Saving Energy Saving Energy Cost/Year
bl NPV IRR - NPV
NNU Cost/Year (MTHB) 210 Excel Af
(Period) (MTHB) (%) A ~ (MTHB)
(MTHB) | (MTHB) 319 HOMER URATONTNIN 0.7% /1)
12 0.24045 1.40 0.1213685 0.76
13 0.24045 1.64 0.1200334 0.88
14 0.24045 1.88 0.1069498 0.98
15 0.24045 2.12 0.0945436 1.08
16 0.24045 2.36 0.0838602 1.16
17 0.24045 2.60 0.0729584 1.23
18 0.24045 2.84 0.0629631 1.30
19 0.24045 3.08 0.0538964 1.35
20 0.24045 3.32 0.0457580 1.40
21 0.24045 3.56 0.0385283 1.44
22 0.24045 3.80 0.0321711 1.47
23 0.24045 4.04 0.0266377 1.49
24 0.24045 4.28 0.0218695 1.52
25 0.24045 4.52 0.0178018 1.53
NPV= IRR=
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MNauMsf (4.5) wamuamu 2.99 Suum Tu 1 Jaunsoaanasan’la 0.24045

v A Yo A
ATUUIN 53830@111&?\15?11!1@1!1’“]‘1@@\11!

TotalEnvestment

AnnualEnergy CostSaveing
1.49 MTHB

0.24045 MTHB /Year

Payback_Period = 6 — Years

Payback _Period =

Payback_Period =

A A d’d d’ 1A ! = = [ %
ATUAALNINUMTITDNTNIN 0.7% ﬁ@ﬂWUDWﬂWiﬂunuﬂglﬁgEJ%L’JE‘]'IGUEI'IEIEJE]ﬂﬂQ

a1319ntlszana 71

ﬂi1ﬂ!!ﬁﬂﬁi$ﬂ$!?ﬁ1ﬂ1iﬁuﬂ‘l—! 50 kW

NPV [MTHB]

-2
Years

= A
319 4.3 pnuaasszeznaIMIaunY 50 kW
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A a 4' 1 A
nsMuaﬂasmmmmmuuu 50 KW AQUASTONTMN 0.7% Aol

15 20 25

Years

J

37 4.4 naludasszozIaINITAUNY 50 kW (ﬂ@ummauﬁmw 0.7% a91))

4.5

a 2 s D) ° a v ) o
missmmT%awgﬂmﬂ%ﬁmamuiummuuu 2.99 MUV AUNUNANTU UIN/

° a d: d =1
Nﬁﬂ1§%1a@\1!!ﬁ$ﬂ1§3!ﬂ51$ﬁi%ﬁ13§wﬂﬂﬂmu1ﬂ 100 kW
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Bearic 91 Eectric 42 Defe wrmal #1 Thermal 42 Hydvogen Calculate

Summary Tables
Winning System Architecture
& HOMER Cycle Charging
T Grid
B Jin3s5 - 100 kW
P converter - 1001w
Base Case Architecture
& HOMER Cycle Charging
T Grid
Change Base Case.
Economic Metrics
RR @

ROI @

2%
B6%

Simple Payback @ 7.8 yr

Cumulative Nominal Cash Flow (B)

NPC @ B18.8M 817.0M
-$10,000,000 Initial Copital 8000 B200M

oM @ B146M/yr  B1.08MAyr

1oE @ 8339/kWh  83.05/kWh

-820,000,000

-B30,000,000

-$40,000,000
0

Graphs

over the projsct ifetime.

sssss

W Lowest Cost System
W Base Case

51 4.5 wamssraesTeas gunetvia 100 kw
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Winning System Architecture
& HOMER Cycle Charging
' Ghd

B in365 - 100 kW

P converter - 1004w

Base Case Architecture

B HOMER Cycle Charging

Grid

{ a { a <
51l 4.6 wismei ¥ lunsBnszives Taarsgrliedvua 100 kw
A a sAq ¥ a J J 3 J
1ngN 4.6 ismesnlglumsdinsizsivesloarsginedvuia 100 kW wua
[ 4 o A A Y1 A A a a A 1 [
wasu leasiodnainga lanol) Nszansn1m 95% Ao 107906 kW/Year 9INAINAI
Y
1#1 TOU ON Peak i 4.1839 UIN/41i78 1Az Off Peak AB 2.6037 UIN/HHIY AIUUAUTU
IRAY (Cost of Energy: COE) 9¢3in11)5z118 3.5 THB/AWh ifie 1¥duintlsendamimaaay
a 3 J < ° a J a 4 [
TW#lu 19 msaaasTeansginedlds1uanEuasnu 2.99 S1uum Armsnesudass

A15199 4.3 wagMmamuIa NPV, IRR 91ngastedunanaluaisiei 4.4

A a ¢ a o @ a & » A Y
AT NN 4.3 'JLﬂiW$‘I’iW1'§1‘JJL§°’I’f)§L@1§I°V!§°’lﬂ"l§ﬂﬂ§l\ﬂ“]5a"liEWﬂﬂﬂﬂJUW’I 100 kW

wasnuhlsm3adnanld (Efficiency 95 %) 107906 kW/Year

10151 TOU Anndeueanad1u Wi ON Peak, Off Peak 1523181 3.5 THB/KWh

1 Yensodsewdald 107906 x 3.5 377671 THB/Year

(3Ua9N Y (Initial Cost) 2.99 MTHB
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Saving Energy Cost/Year

10.88M

9%

El !311@3“@1‘! Saving Energy Cost/Year NPV IRR - NPV
(MTHB) 910 Excel AN
(Period) (MTHB) (MTHB) 219 HOMER (MTHB) (%) A “ (MTHB)
@ONAMW 0.7% /1)
0 -2.99 0 -2.99 0 -2.99
1 0.378 -2.61 0.3780000 -2.61
2 0.378 -2.23 0.3685500 -2.24
3 0.378 -1.86 0.3567564 -1.89
4 0.378 -1.48 0.3428429 -1.54
5 0.378 -1.10 0.3270721 -1.22
6 0.378 -0.72 0.3097373 -0.91
7 0.378 -0.34 0.2911531 -0.62
8 0.378 0.03 gﬂﬁnnu 0.2716458 -0.34
9 0378 0.41 0.2515440 (RAANNI) -0.09
10 0.378 0.79 0.2311690 0.14
11 0.378 1.17 0.2108261 0.35
Saving Energy Cost/Year
1l Guamu Saving Energy Cost/Year NPV IRR - NPV
(MTHB) 910 Excel AALLWY
(Period) (MTHB) (MTHB) 917 HOMER (MTHB) (%) 4 ~ (MTHB)
AR 0.7% /1)
12 0.378 1.55 0.1907976 0.54
13 0.378 1.92 0.1886988 0.73
14 0.378 2.30 0.1681307 0.90
15 0.378 2.68 0.1486275 1.05
16 0.378 3.06 0.1318326 1.18
17 0.378 3.44 0.1146944 1.29
18 0.378 3.81 0.0989812 1.39
19 0.378 4.19 0.0847279 1.48
20 0.378 4.57 0.0719340 1.55
21 0.378 4.95 0.0605684 1.61
22 0.378 5.33 0.0505746 1.66
23 0.378 5.70 0.0418758 1.70
24 0.378 6.08 0.0343800 1.74
25 0.378 6.46 0.0279854 1.76
NPV= IRR=
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MINAUNITN (4.5) TwauRuanu 2.99 Auum lu 1 Jawnsoaanasaiuld 0.378

v A Yo A
mum‘mzsznaﬂuﬂ”l’iﬂunuﬂﬂﬂmu

TotalEnvestment
AnnualEnergy CostSaveing

Payback _Period =

2.99MTHB
0.378MTHB / Years

Payback _Period =

Payback _Period =7.92—Years

A d’d nd' = J = =
ATUAAUNINUNITLADUTNIN 0.7% G]'E]I]W‘]J’ﬂﬂWiﬂunui]SﬁJi‘éiﬂ‘éﬁL']aﬁlﬁlﬁl@@ﬂblﬂﬂ‘i%lﬂm 9-
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n‘nﬂsmm‘szﬂznmmsﬁunu 100 kW
8.00
6.00
4.00

2.00

NPV [MTHB]

0.00

-2.00

-4.00

Years

317 4.7 nymludasszeznmmsaunu 100 kW
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A a A A=)
nswwluamsxalxnmnﬁﬂuuu 100 kKW AQUANtaINTNIN 0.7% foil
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L
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- J
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U
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Simple Payback @ 91yr

HOMER Pro Microgrid Analysis Tool [PVB12.200kwS homer] x64 3.14.3 (Evaluation Edition)
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Base Case Architecture
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4 A s a o ] '
91103107 4.10 wisitimes nlFlunsinsgdve Tearsgufeodvuia 150 kW Wy
wasnuleasiordnannan lanell Msz@nsain 95% Ao 141575 kW/Year 1INAINAIITU
9
11 TOU ON Peak i 4.1839 UM/41i70 1Az Off Peak D 2.6037 VIN/M1UI8 AIUUAUNU
= A A Yo v [
(@8 (Cost of Energy: COE) 9zA1)5zuas 3.5 THB/AWh tie i uiailszndaninaaaiu
9
a o <3 o a 1 a @
T lu 17 msdeasTsarsgdied1dsmautuaimu 4.48 Suum A iliinesuaasas

A15199 4.5 wagM3muIn NPV, IRR 91ngastedunaaluais e 4.6

~ a ¢ A 7 @ a & s =
AT NN 4.5 'JLﬂi'lZWW'Iﬁ'IﬂJLG]@ﬁL@W]WG]ﬂ'lﬁ@]ﬂ@]\‘li"]fa'ﬁgw%@ﬂﬂlu'lﬂ 150 kW

waanunlsansisaananla (Efficiency 95 %) 141575 kW/Year

91091319 TOU Aunagvea1iaaru 1w ON Peak, Off Peak 1/523081 3.5 THB/KWh

1 Yansndsevidald 141575 x 3.5 495513 THB/Y ear

(QUaINY (Initial Cost) 4.48 MTHB




13197 4.6 M3AUIU NPV, IRR ¥4 Tvanizrifiodvina 150 kw

53

-0.17M

5%

- Saving Energy Saving Energy
N
il Cost/Year NPV IRR Cost/Year NPV
aamnu R
(Period) (MTHB) 210 (MTHB) | (%) (MTHB) 210 Excel in | (MTHB)

(MTHB) 4 -

HOMER UABTONTNN 0.7% / U
0 -4.48 0 -4.48 0 -4.48
1 0.496 -3.98 0.4960000 -3.98
2 0.496 -3.49 0.4836000 -3.50
3 0.496 -2.99 0.4681248 -3.03
4 0.496 -2.50 0.4498679 -2.58
5 0.496 -2.00 0.4291740 -2.15
6 0.496 -1.50 0.4064278 -1.75
7 0.496 -1.01 0.3820421 -1.36
8 0.496 -0.51 0.3564453 -1.01
9 0.496 002 | y9dunu 0.3300683 -0.68
10 0.496 0.48 0.3033328 -0.37

Saving Energy

- - Saving Energy Cost/Year
il RUAINY Cost/Year NPV IRR - NPV

(MTHB) 910 Excel AALLNY

(Period) (MTHB) (MTHB) 910 (MTHB) (%) 4 - (MTHB)
1@oNAMN 0.7% /1
HOMER
11 0.496 0.98 0.2766395 -0.10
12 0.496 1.47 0.2503588(gﬂﬁ}3\|nu) 0.15
13 0.496 1.97 0.2476048 0.40
14 0.496 2.46 0.2206159 0.62
15 0.496 2.96 0.1950245 0.82
16 0.496 3.46 0.1729867 0.99
17 0.496 3.95 0.1504984 1.14
18 0.496 4.45 0.1298801 1.27
19 0.496 4.94 0.1111774 1.38
20 0.496 5.44 0.0943896 1.47
21 0.496 5.94 0.0794761 1.55
22 0.496 6.43 0.0663625 1.62
23 0.496 6.93 0.0549482 1.68
24 0.496 7.42 0.0451124 1.72
25 0.496 7.90 0.0367215 1.76
NPV= IRR=
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VNN (4.5) TwuRuasnu 4.48 Suum lu 1 Jawrsoaandsauld 0.496

v A Yo A
mum‘mzsznaﬂuﬂ”l’iﬂunuﬂﬂﬂmu

TotalEnvestment

Payback _Period = :
AnnualEnergy CostSaveing

4.48MTHB
0.496MTHB / Years

Payback _Period =9.04 —Years

Payback _Period =

A d’d nd' = J = = =
ATUAAUNINUNITLADUTNIN 0.7% G]'E)I]W‘U’ﬂﬂWiﬂunui]SﬂJi‘éiﬂgl']aﬁ)@ﬂulﬂﬂ‘i%iﬂm 11-129

4 )
n‘nwuamszﬂznmmsﬁuuu 150 kW

10.00

6.00
4.00

2.00

NPV [MTHB]

0.00

-4.00

-6.00
Years

U7 4.11 naludasszeznaInsaunY 150 kW
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A a A =)
ﬂi1ﬂ!!ﬁﬂﬂi$ﬂ$!'3ﬂ1ﬂ1iﬂunu 150 kKW AaUAItaaNaNIN 0.7% aoil
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(=)
()]

Years

- J
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ﬂh’ﬁﬂﬁ\?I“]SaTiE’V\I‘ﬂ@ﬂﬂZﬁ@QﬁQVJHIH%WH?HNH 5.97 a1UUIN AUNUNAINY UIN/
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1431/

LOAD  COMPONENTS  RESOURCES ~ PROJECT Ml

%»o(mggf;)@@,»j )

Design  Resuts  Libe
" Bectric 1 (Bectic 82 Deferrable Thermal #1 Thermal 82 Hydeogy Calculate

EM [/ v o Howe C e o

View
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Wimming System Architecters Here's how the hybrid system saves money over the project ifetime. e
& HOMER Cycle Charging 80 Cost Summary

% Grid
B 5in365 - 200 kW

NeC @ $188M
) converter - 200 kW
810,000,000 Initial Capital ~ $0.00 85.97M
Base Case Architecture
oam @ B146MAyr 8914105/

& HOMER Cycle Charging
T Grid woe @ 83395wn  #2.98/kwh

Change Base Case +820,000,000

ve Nominal Cash Flow (8)

$30000000
ROI @ 51%

Simple Payback @ 11yr

-$40,000,000

B Lowest Cost System
M Base Case

51 4.13 wanssaea Teasgaliiorluuna 200 kw
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Winning System Architecture
%) HOMER Cycle Charging
I G 18

B 5a36S - 200 kW ¥ III"‘G&”U‘»T*‘““F&:
[ » NN VR B e
Base Case Architecture

D HOMER Cycle Charging

' Geid

{ a { a <
51l 4.14 msimes 1 lumsdnsgives Tvars grlfionyua 200 kw

U

A a SAq Y a J J 3 1
1NN 4.14 Mdmesnlglunisinsigives Taarsgnnedyuia 200 kW Wi

[
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wasnuhlsm3adnanld (Efficiency 95 %) 162515 kW/Year

10151 TOU Anndeueanad1u Wi ON Peak, Off Peak 1523181 3.5 THB/KWh

1 Yansodsevidald 162515 x 3.5 568802.5 THB/Y ear

(QUa9N Y (Initial Cost) 5.97 MTHB
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Saving Energy
~ ~ Saving Energy Cost/Year
il Ruamu Cost/Year NPV IRR - NPV
(MTHB) 910 Excel AAHKN4
(Period) | (MTHB) (MTHB) 210 (MTHB) (%) 4 - (MTHB)
@oNaNN 0.7% /1
HOMER
0 -5.97 0 -5.97 0 -5.97
1 0.569 -5.40 0.5690000 -5.40
2 0.569 -4.83 0.5547750 -4.85
3 0.569 -4.26 0.5370222 -4.31
4 0.569 -3.69 0.5160783 -3.79
5 0.569 -3.13 0.4923387 -3.30
6 0.569 -2.56 0.4662448 -2.83
7 0.569 -1.99 0.4382701 -2.40
8 0.569 -1.42 0.4089060 -1.99
9 0.569 -0.85 0.3786470 -1.61
10 0.569 -0.28 0.3479765 -1.26
1 0.569 029 | qadunu 0.3173546 -0.94
12 0.569 0.86 0.2872059 -0.66
13 0.569 1.43 0.2840467 -0.37
14 0.569 2.00 0.2530856 -0.12
15 0.569 257 02237276 (@@AuNY) | 0.10
16 0.569 3.13 0.1984464 0.30
17 0.569 3.70 0.1726484 0.48
18 0.569 427 0.1489956 0.62
19 0.569 4.84 0.1275402 0.75
20 0.569 5.41 0.1082816 0.86
21 0.569 5.98 0.0911731 0.95
22 0.569 6.55 0.0761296 1.03
23 0.569 7.12 0.0630353 1.09
24 0.569 7.69 0.0517520 1.14
25 0.569 8.26 0.0421261 1.18
NPV= IRR=
-5.75M 4%
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VNN (4.5) Twrautuaanu 5.97 Suum lu 1 Jawrsoaandsauld 0.569

v A Yo A
mum‘mzsznaﬂuﬂ”l’iﬂunuﬂﬂﬂmu

TotalEnvestment
AnnualEnergy CostSaveing
5.97MTHB

0.569MTHB / Years
Payback _Period =10.5—Years

Payback _Period =

Payback _Period =

A A PR A (= 1 A = =
nIfiAAUMINIMIIF@oNaNIN 0.7% Aollnumsaunuaziiszeznatosn lliUszum 15

ﬂi]ﬂ!!ﬁﬂﬁi%ﬂ%!?ﬂ]ﬂ]iﬁuﬂu 200 kW

10.00
5.00

0.00

NPV [MTHB]

-5.00

-10.00
Years

37 4.15 naludasszezaINTAUNY 200 kW
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AT NN 4.9 'JLﬂinﬁ‘V\ninJm@il@WﬁWﬁﬂWiﬁﬂﬁﬁI%aWiEWﬂ@ﬂﬂJu1ﬂﬂlﬁ3ﬂ$ﬁﬂJ (148 kW)

wasnuhlsm3sadnan’ld (Efficiency 95 %) 140240 KW/Year

10151 TOU Anndeueanadu Wi ON Peak, Off Peak 1523181 3.5 THB/KWh

1 Yensodsewdald 140240 x 3.5 490840 THB/Year

(AUa9NY (Initial Cost) 4.41 MTHB
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- Saving Energy

- WU Saving Energy Cost/Year

il Cost/Year NPV IRR - NPV
NN (MTHB) 210 Excel Aif
(Period) (MTHB) 910 (MTHB) (%) 4 B (MTHB)
(MTHB) LURSLEONANIN 0.7% /U
HOMER
0 -4.41 0 -4.41 0 -4.41
1 0.491 -3.92 0.4910000 -3.92
2 0.491 -3.43 0.4787250 -3.44
3 0.491 -2.94 0.4634058 -2.98
4 0.491 -2.45 0.4453330 -2.53
5 0.491 -1.96 0.4248477 -2.11
6 0.491 -1.46 0.4023307 -1.70
7 0.491 -0.97 0.3781909 -1.33
8 0.491 -0.48 0.3528521 -0.97
9 0.491 0.01 | 9adunu 0.3267410 -0.65
10 0.491 0.50 0.3002750 -0.35
- Saving Energy

- U Saving Energy Cost/Year

il Cost/Year NPV IRR - NPV
Y (MTHB) 910 Excel fif
(Period) (MTHB) 910 (MTHB) (%) A ~ (MTHB)
(MTHB) UHLETRUENIN 0.7% / U
HOMER
11 0.491 0.99 0.2738508 -0.07
12 0.491 1.48 0.2478350 (@A) 0.18
13 0.491 1.97 0.2451088 0.42
14 0.491 2.46 0.2183919 0.64
15 0.491 2.96 0.1930585 0.83
16 0.491 3.45 0.1712429 1.00
17 0.491 3.94 0.1489813 1.15
18 0.491 4.43 0.1285709 1.28
19 0.491 4.92 0.1100567 1.39
20 0.491 541 0.0934381 1.48
21 0.491 5.90 0.0786749 1.56
22 0.491 6.39 0.0656935 1.63
23 0.491 6.88 0.0543942 1.68
24 0.491 7.37 0.0446577 1.73
25 0.491 7.87 0.0363513 1.76
NPV= IRR=

6.18M

7%
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TotalEnvestment
AnnualEnergy CostSaveing

Payback _Period =
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Payback _Period =8.98—Years

Payback _Period =
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, w5 HOMER gasanms
Yoya NPV
IRR (%) PB (Years) IRR (%) PB (Years)

50 kW 17% 6 14% 5.7 +
100 kW 12 % 7.8 9% 7.92 +
150 kW 9.8% 9.1 5% 9.04 -
200 kW 7.7 % 11 4 % 10.5 -
Optimal PV 9.9 % 9 7% 8.98 +
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NPV [MTHB]
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Abstract. This paper illustrates a management power of the SNC Former subsidiary of SCAN-
SNC. It was selected to test the system because their policy is reduction costs of energy
consumption. The locate of factory is in Nikhom Phatthana District, Rayong Province. The
SCAN-SNC has average load demand about 430500 kWh/year or 1179.45 kWh/day. The highest
demand for electricity is 186 kW in 2020. So, this paper to present energy strategy
by simulation in Homer software. The results of base case is first case which is neglecting the
solar rooftop has energy consumption is 3.39 baht/Kilowatt-hour. Second case, installed the solar
rooftop is 100 kilowatts is 3.05 baht/kilowatt-hour, Third case, installed solar rooftop is 200
kilowatt is 2.98 baht/kilowatt-hour, The last case, installed the optimal size with solar is 2.90
baht/kilowatt-hour the case of installing solar encrgy. Result show that, first strategy is installing
solar energy can reduce the COE from the base case to 0.34 baht/kWh. The second strategy,
installing solar energy can reduce the COE from the base case by 0.41 baht/kWh. The third
strategy, installing solar energy is optimum size of solar energy, It can reduce the COE from base
case by 0.49 baht/kW. The solar energy can serve range demand for electricity about 100-180
kW and peak at 200-kW. The solar energy can still unsuitable for the current load. The solar
energy is an alternative to reducing the main energy cost of electricity and increase stability and
performance for industrial demand.

Keywords: Solar Energy, Reduction Energy Cost, Energy Management System.

1. INTRODUCTION

At present, many factories have high energy consumption. Energy costs is very high. In addition, most of the
energy contributes to global warming which is energy from coal or natural gas. So, this paper to present the concept
of using renewable energy to reduce the cost of energy (COE) and reduce pollution is interesting [ /-2].

Renewable energy resources (RERs) have gained global attention and credibility as renewable energy reduces
global warming and reduces higher cnergy consumption. RER is an ideal energy solution method for installation
to any office or factory area in the world [3].

The developed countries install increasingly renewable energy such as the United States, China, Japan, etc.
Many researchers study and develop renewable energy systems. It can reduce energy to be more environmentally
friendly [4]. According to the survey, many factories have a lot of rooftop space in order to install of solar
photovoltaic systems to reduce the plant's energy costs. The rooftop solar is the most suitable renewable energy
resource for industrial plants [5-6].

There are many software to design renewable energy systems. For example, the PVsyst software can calculate
and design of installation solar. Moreover, the HOMER software can design a microgrid or hybrid system [7-9].
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This paper illustrates the solar power is used primarily with the HOMER program. The energy sources and plant
components are microgrid to serve by solar energy, wind power, energy storage systems. In addition, the system
can analyze both electrical and economic parameters to determine the planning od installation.

This paper proposed a suitable strategy to reduce COE of the factories base on renewable energy system
installation using HOMER program to design the optimal size of the component. The organization of this paper,
section II is a system description. The methodology is introduced in section IIL. In Section IV is energy management
strategies are introduced and simulation Conclusion remark is in section five.

2. INDUSTRIAL SYSTEM

2.1. System Load Profile

The SCAN-SNC factory was analyzed to reduce the cost of energy in this paper. Because this factory had a
high electricity price. The average load of the factory is 430.5 MWh/year or 1.179 MWh/day and the peak load is
186 kW following in Figure 1.

'ACPrimary Load Monthly Averages

AC primary Load (k1)

“Average AC Primary Load (W)

I Y

FEFEESIFELIFFIFITTIR LTS

(b)
Figure 1. (a) Scale data monthly averages load (kW)
(b) Scale data load profile in this 2020 (kW)

2.2. Price of Component
The actual price of the component was used to analyze by program HOMER the following table 1.

Table 1. Price of component of SCAN-SNC factory

i, ; Operation & .
Component Im?%g;%zjwcjmt Maintenance Cost l;,);ee gge
(THB/Year)
PV Solar roof
(JINKO JKM365) 2,800,000 30,000 25
Inverter
(SMA-SUNNY110) 205,000 - 15

*THB=Thai Baht

2.3. Radidtion and Temperature of area

This simulation can load documents from the Nasa Prediction of Worldwide Energy Resource (POWER)
database. The monthly average solar irradiation is 5.23 kWh/m2/day, and the annual average temperature on the
solar roof is 27.34 °C. The SCAN-SNC factory was located on latitude and longitude coordinates are 09°
15715.73"’N 91°28°59.56’E, respectively as show in Figure 2.
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Figure 2. (a) Solar radiation resource (kWh/m?%day)
(b) Temperature resource (°C)

3. General Review and Metrology

3.1 About HOMER

HOMER® software can simulate for engineering and economic feasibility of micro-grid or
distributed energy systems. The electric grid was designed of least-cost electrical systems and risk-
mitigation strategies. The software provides insight into cost-effectively combining conventional and
renewable energy, storage, grid resources (where available) and load management.

There are many articles and research on HOMER to determine microgrid installation sizes [10] and
to calculate the installation budget as well as to find the payback period for the system as quickly as
possible. Hence, this article will use HOMER to find suitable power management methods for large
industrial bases in photovoltaic installations.

3.2 The implementation of HOMER

There are three strategies to manage the plant's energy include 1) installation of 100 kW solar energy
2) installation of 200 kW solar energy and 3) installing the optimal size solar rooftop for the current load
for the solar installation.

The three strategies energy management methods are presented in this paper. The first step is to
determine the scope of the research including the reduction ratio. The annual inflation and capacity
shortage are shown in Figure 3. The second step is the adjustment of the AC grid bus to set the cost of
energy (COE: THB/Unit) price and the ON-Peak and Off-Peak operating times as shown in Figure 4.
The third is enter the 2020 load data of the industrial plant as shown in Figure 5.

i

@

& o
o0 ST

Figure 3. Scope of the project. Figure 4. Electrical price following  Figure 5. AC primary load profile.
Create Discount rate, Inflation and rate form PEA (TOU).
capacity shortage

111€ 10uIuL step, sotar power systemn in the DC-Bus is improved. The priced is equal to the design of the energy
management method as shown in Figure 6. Step Five, the price is determined with the size inverter by converse
DC to AC conversion as shown in Figure 7. The last step, the parameters is analysed all the obtained from the
calculation program.
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Figure 6. Price of the Solar Cell Figure 7. Price of the Converter
(100 kKW/THB). (100 KW/THB).

3.3 The analytical theorem for Financial in HOMER software

The net present cost: NPC is the present value of all the costs of installing and operating. This component
includes over the project lifetime. The HOMER calculates the net present cost of each component in the system
[11] as shown in equation (1).

T4C

s (0
CRF(i,R,,)
Thus, CRF is acapital recovery factor.
i is the interest rate in percentage.

Ry is project lifetime in a year.
The total annualized cost (TAC) is the annualized value of the total net present cost.
The capital recovery factor (CRF) is a ratio used to calculate the present value of an annuity (a series of equal
annual cash flows). The equation for the capital recovery factor is shown in equation (2) [11].

ix (14"
L >+ @
(1+9)" -1
Thus, =»n is the number of years.
i is the annual real interest rate.

The nominal discount rate (i) is the expected inflation rate in the economics page under the projects. The
HOMER uses the following equation to calculate the real discount rate shown in equation (3)[11].

. = F
I (3
i+F
Thus, i’ is nominal interest rate.
F is the annual inflation rate.

The total electrical load served (Es.rveq) is the total amount of energy that went towards serving the primary and
deferrable loads during the year. The amount of energy sold to the grid. HOMER calculates the total electrical load
served using the following equation (4) [11].

B ed = Esen/ed,/lC;?rmi +Esmed,Dc;m'm +E serwd.dsf+Eserwd,sales 4)
Thus,  Esowedprimac is AC primary load served.
Eserved primDC is DC primary load served.
Eserved dof is deferrable load served.
F et saes is energy sold to the grid.

Cost of energy (COE) is the average cost/kWh of useful electrical energy produced by the system [11]. COE
can calculate thorgh HOMER divides the annualized cost of producing electricity (the total annualized cost minus
the cost of serving the thermal load) by the total electric load served using the following equation (5).
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COFE = L (5)
L +17

‘prim AC T prim D¢
Thus,  Lprimac is the AC primary load

Lyrim, pc is the DC primary load
The proposed energy management method is focused on photovoltaic installations only by a large number of
rooftop. The area of installation is still not enough space for other renewable energy installations. The current
battery, it is not suitable for the factory design because the price is still higher than the energy requirements. So,
therefore not suitable for inplementation in to the grid in dusttry sector.

4. Simulation Result and Discussion
HOMER is a global tool for designing and optimizing microgrid systems and simplifying the evaluation, design

and installation of microgrid power systems. In this paper. three methods ol power management are proposed

compared to the base case without a solar installation. The result is shown in Figure 9.

AC

AC DC
Electriclosa #1|  Jin36s

Electric Load #1 & =
| Lnsad |V 200 kW
Converter

1179.45 KWhvd ﬂg'—'

186.00 KW peakl
@ ©

A ¢
| Electriclosd #1|  Jia36S A (llednc Losa .:K n36s

o o e |

umeing [PV 100 kW v |Optimal PV
it 1Rk | (145 KW)
IZT |

{24 ._.z_._.

® [C]

Figure 9. (a) Basc casc (b) stratcgy 1: Installing solar rooftop 100 kW
(¢) strategy 2: Tnstalling solar rooflop 200 kW (d) Finding to optimal size solar roofiop

From the simulation results through the HOMER program, there were 3 energy management methods compared
with the base case. In case of no solar installation, the COL value is 3.39 TIIB / Unit. In the first case, when
installing a 100-kW solar cell, the COE value is 3.05 THB/Unit. The second case when installing solar cells. At
200-kW, COE was 2.98 THB/Unit. and in the third case, using the solar cell optimization function, it was found
that the installation was 148 kW and the COE was 2.90 THB/Unit. Therefore,3 cascs found that one casc can reduce
the COE [rom the base case is 0.34 THB/Unit, payback period 7.8 years, the second case can reduce the COE from
the base case is 0.41 THB/Unit, the payback period is 11 years. And if the COE can be reduced [rom the base case
is 0.49 TIIB/Unit, the payback period is 9 years. Installing a solar cell that is larger than the appropriate value (148
kW) will increase the COE value. As the investment funds are too high, the payback period will also increase as
the load current, the maximum demand for electricity is in the range of 100-180 kW (Peak Load 186 kW), the
optimal now for a solar installation is 148 kW. All 3 cases are shown in Iigure10-13.
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Figure 10. Base Case (Monthly Report)
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Figure 11. Installing solar rooftop 100 kW
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Figure 12. Installing solar rooftop 200 kW
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Figure 13. Optimal size solar rooftop (148 kW by function optimization)

Table 2 Simulation results of each strategy.
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Strategy Initial Capital Cost COE IRR Payback
(THB) (THB/kWh) (%) (Years)
Base Case - 3.39 - -
100 kW 2.99M 3.05 11.9 7.8
200 kW 5.97T™M 2.98 1.7 11
Optimal (148 kW) 4.41M 2.90 9.9 9

5. Conclusion

This paper presents the solar installation at SCAN-SNC plant is applied for case study. Result can verify the
average load of 1179.45 kWh/day and the maximum demand of 186 kW. It was found that the appropriate value
for the installation of the current load is 148 kW. The unit from the base case is 3.39 THB/kWh to 2.90 THB/kWh.
The internal rate of return is 9.9%. Once invested, the investment can be returned within 9 years. It is the best value

for finding the right solar cell size for the current load.
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