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MONTRE CHALEEKURE : OPTIMAL ENERGY MANAGEMENT
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ASST. PROF. BOONRUANG MARUNGSRI, D. Eng., 210 PP.

ENERGY MANAGEMENT STRATEGIES/ HYBRID RENEWABLE

GENERATION SYSTEM/ RENEWABLE ENERGY

Energy is an essential part of daily life, as well as driving the development in
public and private sectors of the country. Today, almost of the energy has been
generated from fossils. It is rapidly declining and will soon be gone. Therefore, it must
provide enough energy to meet demand of the country. Hybrid Renewable Energy
(HRE) is another option that can produce a hybrid system to generate electricity to
meet the needs of consumers. This thesis focuses on the optimal strategy for HRE
systems, including the concept of hybrid energy management and strategic planning.
The solar and wind energy are used research for hybrid renewable system.
The simulation consists of two parts: first, the simulation of the power generation
from the HRE system in the Chaiyaphum central stadium, and the second part,
the simulation of the power generation from the HRE system in the Nong Pla Thao
Public Park in Chaiyaphum Province. It also offers installation of wastewater
treatment systems with the Renewable Energy (RE) system in the case study area.

For the simulation of the power generation from the HRE system in the
Chaiyaphum central stadium, shows the comparison of On-Grid and Off-Grid costs.

It has an average electrical load of 331.6 kWh/day with a maximum power of 85.64 kW.



On-Grid system installed 70 kW solar power system. six low-speed wind turbine
18 kW. which has a total value close to the maximum load of the system. The initial
cost of 1.77 million baht. The Off-Grid systems uses battery backup power. The solar
system 116 kW, five low-speed wind turbine 50 kW and the battery 1.043 kWh was
installed. The initial cost is 5.85 million baht, which is more than the On-Grid system.
The simulation of the HRE system, the study areas Nong Pla Thao Public
Park, is a simulation using RE from wind energy with On-Grid and Off-Grid system.
The electricity produced will be used for wastewater treatment and lighting.
The On-Grid system costs ten times less than the Off-Grid system: it can generate
220,942 kWh/yr less than the Off-Grid.system. generating 229.772 kWh/yr. The On-
Grid system has a low power unit and can purchase electricity from the electrical
system (53,497 kWh/yr.), it used as backup power during peak load and the night.
Installation of wastewater treatment system with HRE in Nong Pla Thao
Public Park for the model of water treatment by compressed air system by sustainable
RE. The low-speed wind turbine size 10 kW for four towers, 5 kW water turbine
generator for 17set, and the water turbine solar 300 W, ten sets were installed in the
area. The electricity produced by the wind turbine was measured. It can produce an
average of 150 kWh/day on the annual producing basis of 54.750 kWh/year.
After installing the wastewater treatment system, the water test results show that the
pH value of each point is neutral. The temperature of the water increases, indicating
the transparency of the water that the sun can shine through with the UV water

treatment and the amount of oxygen in the water increases.
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World demographics continue to shift
Billion people
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(ﬁm: ExxonMobil 2017 Outlook for Energy: A View to 2040, 2017)

World GDP doubles World GDP growth
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(ﬁm: ExxonMobil 2017 Outlook for Energy: A View to 2040, 2017)



Global efficiency limits demand growth

Quadrillion BTUs
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(ﬁm: ExxonMobil 2017 Outlook for Energy: A View to 2040, 2017)
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Inputs to power as a share of Primary inputs to power
total primary energy
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DC BUS
@_’- -
PV Array Solar Charger i = |

Battery Ch
ey harger Diesel Generator

Wind Charger

Wind = 1— @
Generator ~

Inverter AC Load
i &= I -

Battery Bank

3N 3.22 srvuRaUHEIULIUABDY NN (MU: PV POWER SYSTEM, 2011)

2) SEULHANHAMILLEIATIA0N (Switched Hybrid System) s¥UUHILAAGS
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ol ss DC BUS ACBUS  Diesel Generator
e = — - B re
Solar Controller Battery Charger
1
2 chai @
- nge-over
—p " P switch
~| ~ o AC Load

Inverter
Battery Bank

51/ 3.23 sTVURAUREIUUUAIAFEEN (N1: PV POWER SYSTEM, 2011)
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UAANTSUUNANHE UL UADVYUIY (Parallel Hybrid System)

DC BUS AC BUS

| p——————
Bi-directional &

Inverter Diesel Generator

PV Array Solar Charger

Wind Charger|

Wind
Generator

2

Battery Bank

@
1

AC Load

37 3.24 sTVVRAUHEULDUABYUIU (MUY PV POWER SYSTEM, 2011)
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AU 2561)
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35 aNQANAINHYRINININTEYN
v o o v
351 mslindsnuvugame

(% v @ Aad 9 (% = A A [ (%} =1 1

Yardadegiitinis lwaeanTuil we. 2558 Hlsum 223.76 Wudieum
g} a = 9 = g} v o d o I o Aq Y A a
uiuavanaannd wa. 2557 Sevaz 0.4 Fuiniudisegldsnaiundnunldunigana
I o g}./ g}./ Aa I
ihudesaz 72.30 vesms lgmasnudugamensug sesasnlsznoudie i Aailudos

] 9
az 27.70 15799 3.9 — 3.10 uaIn I3 IEnasuTugaie

] 9
A15199 3.9 mwmums“l%’wawumuqﬂﬁ'w“luwmﬂmqmﬂmw (Physical unit)

A HU2IN1 Un .a.
riiaomas
MEAN 2554 2555 2556 2557 2558
Mot Tnsi@euiviad Alansu (kg) | 26,625,000 | 23,859,790 | 22,483,120 | 22,687,450 | 21,907,630
Aranyudn a035 (Litre) - - - - -
— | fwanyuiy/lulefin | a3 (Lite) 131,620,000 | 148345150 | 126,114,590 | 120,098,920 | 124,050,060
‘aé Vi a3 (Litre) 2,446,000 | 2,390,100 988,844 616,250 600,460
§§ LUUEU 91 403 (Litre) 16,925,720 | 18,450,870 540,294 - -
| i 0s 403 (Litre) - - 2,561,162 1,910,720 1,845,410
unelaaod 91 a3 (Litre) 9343000 | 9,703,800 | 19251410 | 19,407,557 | 20,781,403
unelaaod 95 a3 (Litre) 5,154,000 | 4,654,030 | 12,385,069 | 11,184,400 | 13,912,880
ABITUIA anuemYe . - 429,850,000 | 436,420,000 .
Tvivh kWh 612,562,460 | 682.271,146 | 686,665,657 | 716980392 | 726,533,232
* MasgIuanms o lifimsiuindoya (f : www.thaienergydata.in.th, i$haaile 1 Suenou 2561)

1 Y 9
A15199 3.10 M35 lsdsnuaugameTumiseiuaufisusindiiuay (ktoe unit)

-4 Tudmimeum Uw ..
FUALTDINAN Y o A
WAy 2554 2555 2556 2557 2558
viiudusagl ktoe 171.37 183.49 | 163.20 156.29 161.78
MBTITUMNA ktoe - - 10.36 10.55 -
Tt ktoe 52.26 58.20 58.58 61.16 61.98
HasmSMaFeINa ol ktoe 223.63 | 24170 | 23217 | 227.96 | 223.76

(A1 : www.thaienergydata.in.th, 15datiie 1 AUy 2561)
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M3 N 3.11 ﬂﬁﬂl‘])'Wﬁ\N11!%1!@@1/]1811!1’11!’3EJWHGIHWIEJUWH‘L!13J‘L!WU 11l N.f1. 2558

-1 . wWuauReuninuaAY
FHaoINaa — = " : n
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[ = a
Mt Tas@eumad 18.90 - - 0.61 7.49 -
Aranyudn - - - - - -
a =3 a
- Aaryusy/luTodma - 13.83 - - 89.82 -
o Pl
v | 1T - - 0.58 - - -
oo -
S| 1WUBU 91 - - - - - -
oz -
WIUEY 95 - - - - 1.43 -
[ o
wne legea 91 - - - - 14.94 -
[ o
wne Tagod 95 - - - - 8.61 -
MHFITUTA - X - - 10.55 -
Tt 26.62 0.95 21.96 10.96 - 0.68
was N5
I 45.52 14.78 22.54 11.57 132.83 0.68
FoInaeaell

(1 : www.thaienergydata.in.th, 159atiie 1 AUy 2561)

MndeyamidisramspaandsnuMnnasnunatnuluzlunuaig g vea

INIAFEQH 1 W.A. 2558 WUITIMIAFEYUUMIHAANAINUIINNAINUNAUNUININY 223
° <3| a @ 1w a

ktoe Tagswumiluniswaa Tlihonndenunaunuminy 91.92 koe waznisnaaoniuea

130.51 ktoe S18ALIDIANNAITIIN 3.12

@ a

A15197 3.12 NMNIWNITHAANTINTUNAUNUVOIIINIATNN LenmulssnnmsHan

U

szt A1a9NITHAR

MW e/l ktoe/1]
NAIUTINID 79.40 686,016,000.00 58.52
WINULAI AT 56.40 121,824,000.00 10.39
Wi 46.10 199,152,000.00 17.02
WINUMFFINN 6.00 51,840,000.00 4.41
WasUau 7.50 12,150,000.00 1.04
1NUA 180 311aAT 130.51

Y 221.89

(A1 : www.thaienergydata.in.th, 15datiie 1 AUy 2561)
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3.6  ANUMNNAINY

[ [ A A

wenasanlull w.a. 2557 nunsaniatugilidnenmnaanunaununIniiga Ao

= < A a d 9 A YA 1 a d
FINIALUINAT 862.42 ktoe Antlusooaz 88.68 i@\iﬁ\ilﬂﬂ@ﬂlﬂ%!ﬂ?llﬁllllﬂT 76.40 ktoe Al

$ovaz 8.91

Q131N 3,13 NMNTINVDIANIAINFINAINUVDINAINUNAUNU IUHUISWUAY

Y
eI UAY (ktoe)

fnen BN a1 Juningua NeumM 1T uAY (ktoe)

. MaFanmw Voe
ﬂWﬂ = I H a J

FIWauU e VYA ozl i au | uageInag

yadad | dnTegaaning sy )
Tngd na
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2553 511.25 6.36 20.04 40.92 8.42 - - 14,033.96
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2557 862.42 6.73 18.58 - - - 6.90 | 13,817.80

(31 : www.thaienergydata.in.th, 159atiie 1 AUy 2561)
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@ni’]ﬂﬁ 3.14 ﬁﬂflﬂ']Wl“]NWﬁQQ']u‘l]']ﬂ%’lll'lﬁllﬂlﬂ ﬁ]TLLuﬂi’]fﬁJ

oL TUAURIUININUAY (ktoe)
PFUANAINTU
2552 2553 2554 2555 2556 2557
) ludoe 36824 | 382.65 | 62021 | 579.18 | 578.81 | 703.19
RRE]
MUY 32.26 33.52 54.33 50.73 50.70 61.60
) et 30.53 42.55 45.75 51.03 49.25 42.58
V1
UAaL 15.92 22.19 23.86 26.61 25.68 2221
9 o 9
SRRRRLS %9912 Tna 5.15 5.93 6.10 6.76 6.90 5.90
fudlewas | mh 22.70 16.25 - 19.19 21.96 24.55
nzanhdu - - - 0.00 0.00 0.00
L Auhdy - - : 0.20 0.09 0.35
1hayigiu -
neateian - 3 - 0.03 0.01 0.06
iduleahay . . - 0.00 0.00 0.00
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e} V
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" du'lfuaziiaes | 0.01 0.02 0.03 0.03 0.04 0.07
]
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(a7 s www. thaicnergydata.in.th, 19hduile 1 fugou 2561)
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2552 19.0 14,611.33
2553 18.2 14,033.96
2554 18.2 14,033.96
2555 18.2 14,010.86
2556 18.2 13,817.80
2557 18.2 13,817.80
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A15197 3.20 ‘]Jilﬂiuﬂ151%}1/‘!ﬁ\NTL!LL‘]J\1ﬁWN%uﬂL%@LWﬁﬂﬁ@ﬁﬁﬂiz%Wﬂi (ktoe f1DAU)

52119 Woet. 2551 D9l WA 2557

PWnamslemdanuuianyriamemaaeinlizmnng (koe/au)
- 2 - tldJ‘W .
FUAFOINAY
2551 2552 2553 2554 2555 2556 2557

viiudusagl 107.66 | 108.45 129.81 152.00 | 161.95 143.69 | 137.38
MsBITUHA - - - - - 9.15 9.28
Tl 37.94 42.05 45.83 46.35 51.37 51.58 53.79

57U 145.60 150.50 175.64 198.35 213.32 204.42 200.45

¢ @

(10 NFURAUINGIUNAUNUIAZ YT NHNG I, 191De 1 fueeu 2561)

[ 1 a o J 1% 1% a o Jd o @
2) ms“l%’wamu@mwamﬂmmmaﬁamqmﬂ (GPP) “WaeinUNIINIA” (Gross
Provincial Products; GPP) 1318949 311421318 1a01nAanssumsnanvesdaviia Tasuaaaly
] [ [ = v 1 a @ J [ [ J
UUIY VN fﬂflalu%Qﬁ?ﬂﬁﬂiﬂ?ﬂlﬂ?ii%Wﬁﬂ\ﬂu@@Wa@]ﬂm“ﬂuﬁaﬁﬁﬂﬁ]ﬁﬁ’lﬂ (GPP) ¢ 1IN
' = =K A J 9 1 a Y
291 w.q. 2551 991 w.A. 2557 “lmmmm"lmm TMUVUNHATNITN QATINNTIN FININITAN
[ A = =1 [ A A 9 1% [ a 1% 4
NITVUA LIASOU <) CRNATR 2557 E1U1IN1TUVUEN HUsuanslenasnuaenaan uiuIaIIN

! aa @ 1 a o J
NN (GPP) g\iﬁq@ iﬂﬂaﬁlﬂﬁi’) VYA INNITY ﬁﬂ@ﬂ?ﬁi%}waQQTH@]@Wﬁ@]ﬂﬂlWIlI’Jﬁi’JlI

39139 (GPP) 521173191 w.a1. 2551 D93 w.a. 2557 naaaluaisian 3.21

{ S [ ] A 1 a o J [ 1%
A1519% 3.21 ‘]Jilﬂmﬂ131‘%}'1/‘!@’1\1QTULLUQ@HNﬁWﬂﬂTiDﬁIﬂﬂ@@Na@ﬂmm%’)ai’)ﬂﬁ]ﬂﬁ’)ﬂ (GPP)

Tuntiag toe/a1uuIN 52313193 WA, 2551 593 W.a1. 2557

A west,
a1

2551 2552 2553 2554 2555 2556 2557
INBATNITTY 1.82 1.83 2.07 1.42 1.88 1.81 1.87
RAFINNI TN 3.65 3.79 3.37 3.19 3.78 3.52 3.61
F3nomsm 1.20 1.29 133 1.70 131 0.77 0.69
mMsvuas 50.86 | 4894 | 6493 | 8347 | 8669 | 9115 | 9024
au 9 0.37 0.14 0.29 0.24 0.29 0.38 0.52

(‘ﬁiﬂ: www.thaienergydata.in.th, Whdaiie 1 Auensu 2561)



73

372 uaunaaew
U [ A 9 [ 1 o 1 %
D) A151Ua0eN B30 UATZINIINNIT 1T NAINIUADNIUTEBINT UG “AU
4 4 1 [ a
Asvou laoen lualieuim1” (ton carbon dioxide equivalent; tCO,e) A® MUIBVONYT WIS
[ [ A gﬂ dl 1 = (Y d' a U Y
Yavenmsounszantiu q ndanansenufeunInuransenuinaInnIslasenis
P ¢S w ' ' o o s A A =
asuoulaosnlad 1 du 5w n1sasemia luasSaoonlaq (A1wSounszanyianila) 3
=3 [ [ 4 [ a d' [ Y] [
tCO,e 18D M Tuasdoon lyagnidesesnun luilsuanidwansznuminunisilasy
(%)) 4 4 Y =1 [ v A [ [ A
Maasuou laoonlsa 3 du 1ud) we. 2557 meludanialinsiassmwsSounszanainms
[ { aa [ [ [ 1 @
Tenasnulaemas 1.23tCOe/mu Tasananstassmaniounszanainms lEnasnua e,
Uszangdl wer. 2551 993) w.a. 2557
1 [} A 9) [ [ a (% 4 [ @
2) M5UaBENIBFTOUNTLINIIANT IFNAIINUADHAANUNUIATINTINIA
=1 [ v A 1 (%)) A 9 [ 1
(GPP) 1143 w.a. 2557 meludaniainmslassnaiFounsLanINAT I¥NAIUAD GPP 1ag
a Y aa U () A 9 [ 1 =
INAY 45.44 tCO.e/AUVM lagadanslaosnwsounszanaINms IFWaIuae GPP U w.a.

2551 D91 W.71. 2557 uaaalua1319i 3.22 - 3.24

{ J () [ v a @ J [ [
A1519% 3.22 mi‘ﬂaasmwﬁauﬂiz%ﬂmﬂmﬂ%’wawmmawammmmaiamwm (GPP)

Tunuae tCo,e/amuun 391 e 2551 91l w.et. 2557

' [+ A 9
| M3lavenwisounszanaInms e
. . Ysmnamsiase -~ Lo
Un.A. | GPPuvugnls o O NANUABHAANUNUIATININIA (GPP)
NMYITOUNTEIN (tCO,0) v
(tCO,e /AUVIN)
2551 27,625.09 1,283,860 46.47
2552 29,739.46 1,212,840 40.78
2553 30,101.98 4,389,370 145.82
2554 32,190.01 1,728,590 53.70
2555 33,147.87 1,546,800 46.66
2556 35,291.00 1,429,640 40.51
2557 34,499.00 1,567,760 45.44

(‘ﬁiﬂ: www.thaienergydata.in.th, Whdaiie 1 Auensu 2561)
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' 1 %] A 4
. . sunumsiase MsYanemMeyisounILINIINMI 1%
Un.a | Swadsznns (aw) | L.

MYLITDUNTEIN (1CO,e) NaanUaeIUsEIINg (tCO,e /AU)
2551 1,122,647 1,283,860 1.14
2552 1,127,423 1,212,840 1.08
2553 1,127,423 4,389,370 3.89
2554 1,127,423 1,728,590 1.53
2555 1,133,034 1,546,800 1.37
2556 1,135,723 1,429,640 1.26
2557* 1,137,049 1,567,760 1.38
2558* 1,139,210 1,250,529 1.10
2559* 1,142,360 356,062 0.31
2560* 1,145,254 551,897 0.48
2561* 1,147,089 265,867 0.23

v

Y o
*Joyan laanmsnensal

(M www.thaienergydata.in.th, Whdadie 1 fueey 2561)

{ J 4 o v a @ J [ [
A1519% 3.24 ﬂﬁ‘ﬂa’t’]fJﬂT“]ﬂ%’t’]Llﬂi$ﬁ]ﬂ%Tﬂﬂﬁsl"lgf}WﬁNTu%@Wa@]ﬂmcﬂﬂ’lﬁi’lﬂﬁ]\iﬁ’m (GPP)

Tuniae t1CO,e/amuun 591 W.a. 2551 891 et 2560

' %) A Y
, nsYanemMeyisounILaNIINMI 1%
. , YFunumsilase \ \@ L.
Uw.d. | GPP uuugﬂim 4 [ NAINTUADHARN D NUIATINVINIA (GPP)
MYTDUNTEN (1CO,e) v
(tCO,e /a1UUN)
2551 27,625.09 1,283,860 46.47
2552 29,739.46 1,212,840 40.78
2553 30,101.98 4,389,370 145.82
2554 32,190.01 1,728,590 53.70
2555 33,147.87 1,546,800 46.66
2556 35,291.00 1,429,640 40.51
2557* 34,499.00 1,567,760 45.44
2558* 36,614.48 349,781 9.55
2559% 37,408.49 503,517 13.46
2560* 38,345.58 129,572 3.38

v

Y ¢
*Joyan laanmsnensal

(‘ﬁiﬂ: www.thaienergydata.in.th, Whdaiiie 1 Auensu 2561)
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] 4
A15197 3.25 ‘]Jilﬂmﬂ15Gl%jWﬁ\‘NTL!LL‘]J\‘1ﬁTN%uﬂL%@LWﬂJ@@W’Jﬂi%G})’Wﬂi (ktoe f1DAU)

5211919 W.et. 2551 D9l WAL 2560

a Y o ' - T Y
YSnams Inasnuutenusiamomaneilssving (ktoe/AU)

7
FHAoINaY

2551 2552 2553 2554 2555 2556 2557 2558* | 2559*% | 2560*
ﬁﬁuﬁﬁﬂgﬂ 107.66 | 108.45 | 129.81 | 152.00 | 161.95 | 143.69 | 137.38 | 158.50 | 155.36 | 151.49
MBTTTUNA - - = = - 9.15 9.28 10.45 13.74 17.12
lvivh 37.94 42.05 45.83 46.35 51.37 51.58 53.79 56.59 58.55 60.93
77 145.60 | 150.50 | 175.64 | 198.35 | 213.32 | 204.42 | 200.45 | 225.55 | 227.65 | 229.54

o as E L P ) v Sy v o
- MaBIsTuMALNM: 1dua luumsuu’nmmmwa; * 'llﬂllmﬁ'ﬂvlﬂmﬂﬂﬁ‘Wﬂ1ﬂﬁﬂ‘l

(‘ﬁiﬂ: www.thaienergydata.in.th, Whdaile 1 fueeu 2561)

{ S [ ] = 1 a o J [ 1%
A1519% 3.26 ‘]Jilﬂmﬂ131‘191}1/‘!@\1\111!LL‘LI\1@nllﬁ'?ﬁlﬂﬂ?iﬂiiﬂﬂ@]@ﬂﬁ@ﬂﬂl%ﬂ’)ﬁi’lﬂﬁN‘Vi’Jﬂ (GPP)

Tunu9Y toe/a1UVIN 52313193 WA, 2551 92 w.a1. 2561

3w .

LaLN - - - -
2551 | 2552 | 2553 | 2554|2555 | 2556 | 2557 | 2558 | 2559° | 2560° | 2561

NYATATTY 182 | 1.83 | 207 | 142 | 1.88 | 1.81 | 1.87 | 1.81 | 198 | 1.93 | 1.99
QATINNITN | 3.65 | 3.79 | 337 | 3.19 | 378 | 352 | 361 | 374 | 385 | 3.80 | 3.95
FInNIMIM 120 | 129 | 133 | 170 | 131 | 077 | 069 | 050 | 0.08 | (0.15) | (0.36)
MIVUA 50.86 | 48.94 | 64.93 | 83.47 | 86.69 | 91.15 | 90.24 [100.79 |101.92 |106.19 |110.58
U ) 037 | 0.14 | 029 | 024 | 029 | 038 | 052 | 053 | 063 | 072 | 0.79

v dv ¢
*Joyan laanmsnensal

(‘ﬁiﬂ: www.thaienergydata.in.th, Whdaiiie 1 fuensu 2561)
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=N Y ana/nu 2.11 0.87 0.54 - - - -
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Electric #1 Electric £2

319 3.32 uiunnudons Tnaana il

ELECTRIC LOAD SET UP Q m

Choose one of the following options:

Create a synthetic load from a profile: ’ | Access the Open £l Database for electrical load profiles:

The database will search for load profiles within 320km of the location
selected on the map in the home page. Only U.S. locations are currently

Peak Month: January |89 July * Nohe

available with this database

Profile: Residential v ’ |
=N [ Downiond |
[
Import a load from a time series file: L]
import i ..

~ 9 =\ @ [
gﬂﬂ 3.33 HUIANNITIADNAUANHUSAN ) vo4lnan
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Yearly Load Data n
Weekdays  Weekends

Hour | January | February March April May June July August | Septem =
0 0.109 0.109 0.109 0.109 0.109 0.109 0.109 0.109 0,
1 0.095 0.095 0.095 0.095 0.095 0095 0.095 0.095 0,
2 0.095 0.095 0.095 0.095 0.095 0.095 0.095 0.095 0=
3 0.095 0.095 0.095 0.095 0.095 0.095 0.095 0.005 04‘
4 0327 0327 0327 0327 0327 0327 0327 0327 0.‘
5 0.500 0.500 0.500 0500 0500 0.500 0.500 0.500 0.
6 0.550 0.550 0550 0350 0550 0550 0.550 0.550 0.
7 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.500 0.
8 0.420 0.420 0420 0420 0420 0420 0420 0420 0.
9 0430 0430 0430 0430 0430 0430 0430 0430 0.
10 0.495 0495 0495 0495 0495 0495 0.495 0495 0.
:“ LYTH YT n:lal: nsa> s3> &> EYTH YTE) .n

¢ Copychangestoright ¥ Copy changes to weekend Ok Cancel

~ [ ) J A
g‘ﬂ‘ﬂ 3.34 M5 19MsU5u Tvaas1e) lusvoamazinou

d
382 adnilszneuluszuy
~ o = Aa o dy 9 v o 4 a 4
sypuniimsany luauddetilszneulidre Maiuay traduaan1nag
1 Y
nuaaes uaz Iasaane luih fail
1) naviuauwaa v

Taseuisamenilszianuosnaiuaundsiniisiane uazsivuan ldoielu

a g‘; [ d' 9 g‘/ o v dl Y a g‘/ = A Y
N15AAAY A93UN 3.35 WIBDUNNISUITUIUNITUNABINTTAAA wioamnsaaen I lusunsy

U
[

WT%TH’JLW]L‘HZJT E’fll‘ﬂﬁﬂsl‘ﬁﬂllﬂ ﬂ\ﬁ‘ﬂ‘ﬂ 3.36 ueﬂmﬂuﬂmmmmmwumauimmawm

v v A =

K umem"lﬁ’éfq W 3.37 vaziimsdounnhgesnuaiuaig g mmﬂwuamﬂuiﬂw 3.38

.

Costs
Quantity Capital ($) Replacement (3) O&M ($/year)
1 $10,000.00 $2,000.00 $100.00
2 $18,000.00 §16,000.00 $140.00
Multiplier: © ®) (®)

] 9
319 3.35 s wimuamlfeelunisaaasnainay
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Search Space 57 Optimizer  ¥¢

Quantity Upper:

o 8
Lowen

i1 |

311 3.36 MITmuAveUAE IS WIUAIH LA TN A

Power Curve | Turbine Losses | Maintenance
Wind Turbine Power Curve

Wind Spee Powe : -~ |
£ —

Wind Speed (m/s)

= o Y Y o w v o
g‘ﬂ‘ﬂ 3.37 ﬂ?iﬂ?ﬂﬂﬂlﬁﬂiﬂﬂﬂ?ﬁﬂﬂl@ﬂﬂ\WiLl

Power Curve | Turbine Losses Maintenance

¥ Consider Maint=nance Schedule

Procedure Interval (hrs) Type Down Time (hrs Cost Marginal Cost
Oil change 1000 Operating 5 100 500 b4
|Annual insplction 8760 Calendsr 6 100 1000 b4

Chck here o add acw item

317 3.38 MItmuasIMwoNINgIveINI U

J a J
2) KEARALENDINAY
o [ 4 a 4 =\ [ gﬂ 1 9 @ v o A 9 o
S UFaauaIINad e in1sUsuasmna1enuNIviuaN Ao A09NINIS
9 H ]
Mruasmlumsfeaauazingssne aagilii 3,39 sasimsmnuavouaviaie sy
A [ A < dy v A 9 a 4 a d 9
Tllﬁlﬂ%ﬁllﬂ\igﬂ‘ﬂ 3.40 3UBNINNUY ﬂﬁ]El]EJ‘VW]E’NWﬂ?iﬂlﬁl@\ﬂ‘ﬂfﬁﬁllﬁ\i@?ﬂﬁﬂﬂizﬂi’)’]_lllﬂﬂ'JfJ

devszyaaNlanszuansavietanszuaday Ao9szye1gn13 1FuNe A 1UIUN

Y
ANUNY
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PV
Capacity Capital  Replacement, O&M
(kW) (S) (S) (S/year)
1 3000 2500 0 b 4

Click here to add new item

Multiper: @ @ @

Lifetime

time (years) 25.00 {-}

9
3 1T a o o @ a J
g‘ﬂﬁ 3.39 ﬂ1§ﬂTWUﬂﬂWlﬂ@NLLﬁ%UT?QiﬂHTL‘ﬂfﬁﬁ’LLﬁﬂf’JTﬂﬁﬂ

Optimzer Y7
Search Space \
iy _] Uppern:
‘ Size (KW 10
|0 Lowen

Y

311 3.40 MIMMUAVBUIVAVDIVNATNDHITIUIUNIAAAAINHINZ TN

d' [ < [
3) LUAABIONNUNAIY
9
TuT1l51nsu HOMER Pro® # @insamvuavine lasdradase TasTumaued
P I [ [ [ ) v H [

uuaneIn iy Tuaand1edie sauatou vunanszualu 1 92 Tua (Ah) Fauamesuaay
a = o v o A 9 d’dya I Y = 1 Aa gﬂ
siaazlnaanyuzmnzddaslugiln 3.41 mslsuuamesisuiudeaniudiyaninisnans

Aaen1ge 01gms 1oz 19 Tsunsuawnsomuiugaquyu 1@ aegi 3.42

Y
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Properties

Idealized Battery Model

Nominal Voltage (V): 6

Nominal Capacity (Ah): 166.667
Maamum Charge Current (A): 166.6667
Maxdmum Discharge Current (A): 500

This is a generic & volt lithium ion battery with 1
kWh of energy storage.

Lﬂ' v Li'
g‘ﬂ‘ﬂ 3.41 AUTNUAVDILUANDT

Batteries
Quantity Capital Replacement oaMm
(L (%) ]S"'-, ear
1 700 700 10.0000
Lifetime More,
time (years): 15.00 @
throughput (KWh): 3,000.00 @

71 3.42 MmsfmuAN WINEIAUATHFANAASVOILILAADS

4) Tagaane Tl
dmsuIasavielihaziildiaennmisaasiaiarlilvarenuy Useneudie
§9319619918 89313 g2 1Ny S 1w Muams uuVAAKENIIN 1ATI98 Sa 3115 lFan
Faluasonez 19ms fruaIUsa 0819 oA M UASAT 1M LAz SAT e NS 19111
U8 (USD/KkWh)
3.83  ninensluszuy
TuszuuilFlumsdnm fundamdsnunyuidow 2 ¥iia fe ndsaw ias
WS LA ASR NI NN AR TanazlTzne g ANNE 10 ez MRS E
veeario1findgedoyailfifludeyaninarnionTanfu13ugiudeyaves National

Aeronautics and Space Adminstation (NASA) 18 National Renewable Energy Lab (NREL)



84

384  AaNNaNIavedllsunsi HOMER Pro®
Y [
Tisun3u HOMER Pro® Wuamnsaldlumsanudymdunasauiniaul
Y Y [ dy
lananeduasil
Y J a o A 9

1) MuAsHIAMEa3 Na1su1oaRwieolylasansolgns I¥auszuLLag
nIgaANANY

2) Y3110 as19aeuNIzuy Mdnawsaleausdluusnandeanis 1d
YERNCY

1 [ A = o o [ 1

3)desnimTounszan vasina tazunad Invdimivmsiass Co,, CO,

UHC, PM, SO, 1182 NOx
IQ' a a g}J gJJ o a o g J

4) maiszansnw Anauaoumsiasnstineyd M voInlsznou
VNAIULATNTITN0T 115U HOMER Optimizer

5) WvuaLazs lw511ees 320U HOMER $1a99tWe1 1015 A1 uann

A
sTUUNANGR
o = 14 (Z °

6) A1 lazanuiumg Anywazud lvaaudsanw luazanusuwg
v
naviualuluaag

7) Mswasanuuunanst Walvue Multi-Year tagszydinilsnalasuulag
AAOAD1IYNT 1F1UDI1ATINT

8) Uszanums aunindszanadinuseumsmiuiaiamniosgsh lfinana
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awsnmunzenla
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Cost Type
® Net Present
! Annualized

Categorize
& By Component
! By Cost Type

$6,000

$5,000

$4,000

$3,000

$2,000

$1,000
o N = ssss—— ,

Autosize Genset Generic 1kWh Lead Acid Generic flat plate PV

Component Capital ($)  Replacement (§)| O&M ($)  Fuel (§) Salvage ($)| Total ($)
Autosize Genset $1,150.00 $0.00 $000 $0.00 ($261.25) $888.75
Generic 1kWh Lead Acd ~ $300.00 $208.85 §127.83 $0.00 ($27.96) $608.72
Generic flat plate PV §13447 §0.00 §573 $0.00 $0.00 §140.19
Grid $0.00 §000 $§5710582 $0.00 $0.00 §5105.82
System Converter $114.93 $47.96 $000 $0.00 ($8.93)  $§153.97
System $1,69940 $256.81 $523938 $0.00 ($298.14)

§6,89745

System Converter

511 3.43 Twazdsam 1Faedundsnuuesszuy Tnih

U

(® Nominal () Discounted |

-40000

(§) 1500 wassg 13N
¢
L=

-80000

-80000

-100000

-120000

-140000

v .

(O Totals (=) By Component () By Cost Type

[_] Show Partial Years

:333ﬂ33.!!31§!35333 <11 ] |

21 23 25

I Generic 1 KWh Batte|

B Generic 3kw

517 3.43 alFnen1F uunazl

U
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<A\ * Tabular

Export—. Export AlL. Sensitivity Cases Compare Economics..| | Cokumn Choices...

Architecture © Select Base Case - B X 1KWh LA

T

IA =D P &"507 KWhiA ¥ c°"‘f"" Choose a base case to compare with other systems for economic analysis. More detailed economic comparison is ost g F“"sc“‘ | Awtonomy < """“‘”:0“:“9“"“‘ v
(49 yailable in Simulation Results. ] (e} fevn)
| = ®&sw 50 398 1,696 5 3674
2 Categorized ® Overall
Architecture Cost 3
0 Comeir COE < NPC o Operating cost | Initial capital
TeWh LA h
A2 o B S v i ¥ ¥ Dipten ¥ C0F ¢ NC g Opering cost p Il
Y soo 50 393 cc S$117  $62202 $3365 518695
s @50 s 398 « $117 562202 $3365 $18695
aDBEs0 0 398 « 117 $62204 $3366 $18694
LY ZEC L) 400 [ $117  $62208 $3366 $18700 |
= | s@@so s 392 « $117  $62208 $3367 s12675 = |
= LY ZEC ) 399 e S117 s62212 $3366 $18697 ® Coagorond © Ore
s @50 s 398 « $117  $62212 $3366 s18695 -
Architecture ‘ [l | » 1kWh LA
Gens0 Convertel oK Cancel | MiCost 7 Fuel Cost o Autonomy x| Annual Throughput
A 1kWh etk
A" DB Gy VA Y ® ¥ o Y oea ¥ o ¥
Em@Zsn % 398 cc S117 562202 $3365 518695 00 1M 553 169 168 1,696 & 3674

Graphical

ﬂﬁ 3.45 ﬂﬁllﬁflllmﬂﬂﬂ’mlﬁiHﬁWﬁﬂii LHINNTUAN il

Cost Summary Cash Flow Electrical Fuel Su;mary DiesehGenerator Emissions

Quantity Value Units
r Total Fuel Consumed 99481.00 L
Diesel v
y Avg Fuel per Day 27258 L/day
Avg Fuel per Hour 11.36 L/hour
25.00 Fuel Consumption
o AEATET AT " o————— -
10.00 Q 12 SNER L St T S
5.00 R o0 Al N b
0.00 LI B P o7 g M B S S s
Jan FebMarApridayun Jul AugSepOctNovDec 1 90 180 270 365
25.00
20.00 .
15.00
10.00
5.00
O.M ! T T T T T T T T |l T T

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

517 3.46 iwqmtﬁﬂwemamsewmwmﬂ%’iumsmam (1)
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Simulation Results

System Architecture: | PV(I0KW)  VestasVB2(3)  Generator 2 (10 kW) Generator 4 (10 kW) Cellcube FB 200-1¢ Total NPC: (§9,010,713.00)
Generic 10kW (1) G 1 (30 kW) G ator 3 (10 kW) G 5 (20 kW) Powercorp Powers Levelized COE: -$0.1203
Operating Cost: ($464,681.00)
Cost Summary Cash Flow Electrical Thermal Fuel S y 1 2 3 4 G 5 R ble P
Cellcube FB 200-1600 PV Generic 10kW Vestas V82 Grid Converter Boiler H2TLC Hydroelectric Emissions
Quantity Value Units Quantity Value Units
Hours of operation  6,15200  h/yr Fuel consumption 4366300 Liyr
Total production 13448100 kWh/yr Specific fuel consumption 032 L/kWh
Mean output 1535 kW Fuel energy input 19211600 kWh/yr
Min. output 0.07 kW Mean efficiency 70.00 %
Max. output 4441 kw
)
Wi
N
M
‘I A i" || ] 'l
\ W
. rﬁ il
Report Copy Time Series: Plot... Scatter Plot..  Delta Plot.. Table... Export...

5N 3.47 ’iWENTL!TcﬁﬂL“]f’e)L‘INaQ‘Hi@L%@LWﬁﬂﬁi%}iumiiha?N (2)

Simulation Results

PV (0.4 kW) = Generic 1kWh Lead Acid [ASM] (2 strings)
SW AIR X (2) Cycle Charging

System Architecture:

State Of Charge

1
365

Time Series: | Multiyear...

Year: |1 v

CostS; ! [r Electrical _Renewable Penetration Generic 1kWh Lead Acid [ASM] PV SWAIRX Emissi
3 Value Units ‘Cua"m, Value ' Units
4 200 Autonomy 3939 hr
° 1.00 Storage Wear Cost 0.00 $/kWh
: allel  2.00 Nominal Capacity 205 kwh
s 200 Usable Nominal Capacity/4,].23  kWh
9 ~
10 "

— 1

I

§ 50| 43

g |a

$ 8 $

416 X < &
17
18 State Of Charge

YT s

Jan

Plot...

Feb Mar

T T T

Ap

Scatter

ﬂﬁ 3.48 ﬂﬂ\ﬂu’cﬁﬂlﬂf@mZN‘Hi’E)L“]f’f)maﬂﬂiﬂuﬂﬁ%Wﬁ@ﬂlmﬂﬁﬂﬂ
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Power output predicted
by power curve

]

1

100 !
/ : Hub height
w : _wind speed

I

|

1

15 20 25

314 3.49 dedraduIdehas lhwesiafuaudmsummas llfiiarmis e q

Y 1
nuuinsdsuaidiasliinnanlaldaoaadestuainnunuiiy

Y 1
pmavaziiu Taeldaunsn (3)

0
PWTG 4 B PWTG,STP ©)
£

e Py Ao madllihideiuvaunda’ld «w)
Py swiomad llihinaiuaunda ldngumginazanuaumasgiu (kw)

u

2

9 MAINNNAUDINIADIN (kg/m’)

mo))s

o)
ol A MAINNUALBIMANYUUATUAZANUAUNIATFIU (1.225 kg/m)

3) msfuamsd i iauames

msdaiide ihanuuames szudaiunisdiuauaessia e ms
Mg Nz aulszynumelizy

- M lurazauliey

9

o w a 4 v 3 [ a
alli’)ﬁnﬂﬂﬂluf’ni‘W%15ﬂ!Tﬁi’Nf‘niﬁ$ﬁll°]J5351}‘51]i’NigﬂﬂﬂﬂLﬂUWﬁ\NTuﬁwWﬁniﬂﬂ
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) (1-¢)(Qpn —0Q) @

batt ,cmax,mcr A ¢

[ g‘J v [ g}./
ﬁf’) NAINUNHUA (KWh) ﬂluigﬂﬂﬂﬂlﬂﬂwaﬂﬂqummguu
v [
ﬁf’) AITUIUDNISUUNNUNUNAINTU (kWh)
Ao nanly (h)

Av o3 IMIAzaN1TEgIga (A/Ah)

o A A o w ! I3 4
tded 2 Usmmias lidhnaunsoazanldgeganiouunsiaosvausmans

VYBUVANBT (Kinetic Battery Model) (eu lanaaunisa (5)

aunIsn (6)

lee*kA’ + Oke(1—e™)
1—e ™ +c(kAt—1 e¥)

©)

batt ,cmax,kbm

[

AA v 3 [ 2
2 NaANTUNUBY (kWh) luszuunnnuNasnUIE Y

mo))s

9 9A31EAIUAINY

o))

A U A o =
A ANPANNDATITS TUVDIULUALAD T

J9987 3 W15 WINTZUAALANGIGA(Maximum Charge Current) 11 g1 1AA

P — Nbattlmax Vnom (6)

batt ,c max,mcc 1000

3 : v 3 [
2 PUIULUAADT IUTEUUN NN UNAINY

(%

A
f
A 4
AD NITUATIGIFA (A)
[ < [
Ao ou llihveaszuusAuNgIny (V)
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] ]
v = v =

Tagnganninosanfadend azdenifadenimas Iihdngadaunsn (7)

Q

P

batt ,c max,mcr ? Pbatt,cmax,mcc ) (7)

nbatt,c

_ MIN(P,

batt,cmax ~

att ,c max,kbm ®

4 a A [ [
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Y A o 7 7 = 1MW 2 Yo
"lﬂm@u‘uumaawaumﬁmmammmm (Kinetic Battery Model) ?ﬁlﬂiﬂﬁlﬂuulﬂﬂﬂﬁllfni (8)
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Wind Speed (m/s)
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Global Solar (kW/m2)
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PVSYST V6.43 | 03/10/18 |

Stand Alone System: Main results

Project : Water treatment

Simulation variant : New simulation variant

Main system parameters System type Stand alone

PV Field Orientation tit  18° azimuth 96°

PV modules Model XRS18-150 Pnom 150 Wp

PV Array Nb. of modules 2 Pnom total 300 Wp

User's needs Daily household consumers Constant over the year global 648 kWh/year

Main simulation results

System Production Available Energy 400.1 kWh/year Specific prod. 1334 KWh/kKWp/year
Used Energy 377.6 kWh/year Excess (unused) 0.0 kWh/year

Performance Ratio PR  72.7 % Solar Fraction SF 58.3 %
Loss of Load Time Fraction 33.6 % Missing Energy 269.9 kWh/year
Nor pr (peri lled kWp): power 300 Wp Performance Ratio PR and Solar Fraction SF

7 T T T T T

T T T T 08 T T T T T T T T T T

PR : Performance Ratio (Y1 /Yr)
SolamractiogFSol g&4 0ad

Lc : Collection Loss (PV-array iosses) 0 92 kWh/kWpiday
Ls : System losses and battery charging  0.37 kWivkWp/day

T T
Lu - Unused energy (full battery) 0 KWh/kWp/day
I Y1 - Energy supplied to the user 3.45 KWI/KWp/day

alized Encrgy [kKWhikWplday]

Performance Ratio PR

Mar  Apr  May

New simulation variant

and main It
GlobHor GIlobEff E Avail EUnused E Miss E User E Load SolFrac
kWh/m?* kWh/m?* kWh kWh kWh kWh kWh
January 145.0 1326 31.70 0.000 2461 30.38 54.99 0.552
February 1437 133.9 31.75 0.001 19.64 30.03 49.67 0.605
March 174.4 166.0 39.38 0.000 17.47 37.52 54.99 0.682
April 174.6 163.0 38.59 0.000 16.46 36.76 53.22 0.691
May 163.4 1562.5 36.16 0.000 20.97 34.03 54.99 0.619
June 162.0 139.4 33.82 0.000 21.59 31.63 53.22 0.594
July 1489 139.2 33.69 0.000 22.83 32.16 54.99 0.585
August 138.7 1324 31.99 0.000 25.24 29.76 54.99 0.541
September 130.0 123.6 29.80 0.000 25.79 27.43 53.22 0.515
October 137.7 127.9 30.89 0.000 25.93 29.07 54.99 0.529
November 139.8 1305 31.23 0.000 23.66 29.56 53.22 0.555
December 141.9 130.2 31.13 0.000 25.75 29.25 54.99 0.532
Year 1790.1 1671.3 400.12 0.001 269.92 377.59 647.51 0.583
Legends: GlobHor Horizontal global irradiation E Miss Missing energy
GlobEff Effective Global, corr. for IAM and shadings E User Energy supplied to the user
E Avail Available Solar Energy E Load Energy need of the user (Load)
EUnused Unused energy (full battery) loss SolFrac Solar fraction (EUsed / ELoad)

4 14 a J a
511 4.20 Energy Flow Tuszuussaauaseinaduuuoasy

(Nan: https://www.pvsyst.com)
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PVSYST V6.43 03/10/18
Stand Alone System: Loss diagram

Project : Water treatment

Simulation variant : New simulation variant

Main system parameters System type Stand alone

PV Field Orientation tilt 18° azimuth 96°

PV modules Model XRS18-150 Pnom 150 Wp

PV Array Nb. of modules 2 Pnom total 300 Wp

User's needs

Daily household consumers

Constant over the year global 648 kWh/year

Missing energy

41.7%

270 kWh

Loss diagram over the whole year

1790 kWh/m?

1671 kWh/m? * 5 m? coll.

&, -3.3%
}-3.5%

efficiency at STC = 6.37%

Direct use
36.2%

647.5 kWh

502.2 kWh

418.4 KWh

400.1 kWh

Stored
63.8%

377.6 kWh

&-2.0%
-9.4%
+0.9%
-2.5%
-0.8%

-3.9%
0.0%

Horizontal global irradiation

Global incident in coll. plane
|IAM factor on global

Effective irradiance on collectors
PV conversion

Array nominal energy (at STC effic.)
PV loss due to irradiance level

PV loss due to temperature
Spectral correction for amorphous

Module quality loss
Module array mismatch loss
Ohmic wiring loss

Unused energy (full battery) loss
Effective energy at the output of the array

Converter Loss during operation (efficiency)
Converter Loss due to power threshold
Converter Loss over nominal conv. voltage
Converter Loss due to voltage threshold
Converter losses (effic, overload)

Battery Storage

Battery Stored Energy balance

Battery efficiencyloss

Charge/Disch. Current Efficiency Loss
Gassing Current (electrolyte dissociation)
Battery Self-discharge Current

Energy supplied to the user

Energy need of the user (Load)
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Production kWh/yr | % Consumption kWh/yr | % Quantity kWh/yr| %
Generic flat plate PV | 109,892 49.7 AC Primary Load 121,034 56.2 Excess Electricity 139 0.0629
Generic 10 kW 57,553 260 DC Primary Load 0 0 Unmet ElectricLload 0 0
Grid Purchases 53,497 242 Deferrable Load 0 0 Capacity Shortage 0 0
Total 220,942 100 Grid Sales 94281 438
Total 215315 100 Quantity Value| Units
Renewable Fraction 792 %

Max. Renew. Penetration 116 %

Monthly Average Electric Production
mpv 304

Grid 251
g 154
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Production KWhiyr | % Consumption KWh/iyr | % Quantity KWh/yr | 9
Generic flat plate PV | 181,811  79.1 AC Primary Load 120,960 100 Excess Electricity 93454 407
Generic 10 kW 47961 209 DC Primary Load 0 0 Unmet Electric Load  73.5 0.0608
Total 229,772 100 Deferrable Load 0 0 Capacity Shortage 120 0.0989

Total 120,960 100
Quantity Value | Units
Renewable Fraction 100
Max. Renew. Penetration 4726 %
Monthly Average Electric Production
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System Architecture

Component Name Size Unit
PV Generic flat plate PV 70.0 kw
Wind turbine Generic 10 kW 6 ea.
System converter System Converter 58.5 kW
Grid Grid 1,000 kW
Dispatch strategy HOMER Cycle Charging

Schematic

AC DC
Grid Electric Load #1
)

331.60 kWh/d
85.64 kW peak

G10 Converter
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Cost Summary

3000000

2000000 -
1000000 -
0+
M Generic 10 kW
-1000000 Generic flat plate PV
M Grid

-2000000 System Converter

-3000000 -

-4000000 -

-5000000 T T T T

Capital Operating Replacement Salvage Resource

Net Present Costs

Name Capital Operating Replacement Salvage Resource Total

Generic 10 kW | B756,000 877,565 B1.69M -B954,039 $0.00 B1.57M

Generic flat

plate PV $912,121 822,660 135,252 -B76,223 $0.00 B1.79M

Grid B80.00 -B4.34M $0.00 0.00 $0.00 -B4.34M

System

Converter $105,216 B151,131 819,840 -B3,734 B80.00 B272,452

System B1.77M -B3.29M $1.85M -B1.03M $0.00 -B700,475
Annualized Costs

Name Capital Operating Replacement Salvage Resource Total

Generic 10 kW | 58,480 $6,000 $130,951 -873,799 $0.00 B121,631

Generic flat

plate PV 870,557 $63,636 $10,462 -B5,896 $0.00 $138,759

Grid B80.00 -B335,651 $0.00 $0.00 $0.00 -B335,651

System

Converter $8,139 $11,691 B1,535 -B288.85 $0.00 821,075

System B137,175 -$254,324 B142,948 -B79,984 $0.00 -B54,185
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Cash Flow
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Electrical Summary

Excess and Unmet

Quantity Value Units

Excess Electricity 139 kWh/yr

Unmet Electric Load 0 kWh/yr

Capacity Shortage 0 kWh/yr
Production Summary

Component Production (kWh/yr) Percent

Generic flat plate PV 109,892 49.7

Generic 10 kW 57,553 26.0

Grid Purct 53,497 24.2

Total 220,942 100
Consumption Summary

Component Consumption (kWh/yr) Percent

AC Primary Load 121,034 56.2

DC Primary Load 0 0

Deferrable Load 0 0

Grid Sales 94,281 43.8

Total 215,35 100
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PV: Generic flat plate PV

Generic flat plate PV Electrical Summary

Quantity Value Units
Mi Output 0 kW
Maximum Output 68.7 kw
PV Penetration 90.8 %
Hours of Operation 4,385 hrs/yr
Levelized Cost 1.26 B/kWh

Generic flat plate PV Statistics

Quantity

Rated Capacity 70.0 kw
Mean Output 12.5 kw
Mean Output 301 kWh/d
Capacity Factor 17.9 %
Total Production 109,892 kWh/yr

Generic flat plate PV Output (kW)
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Wind Turbine: Generic 10 kW

Generic 10 kW Electrical Summary

Quantity Value Units
Mini Output 0 kW
Maximum Output 60.0 kw
Wind Penetration 47.6 %
Hours of Operation 6,325 hrs/yr
Levelized Cost 2.11 B/kWh

Generic 10 kW Statistics

Quantity

Total Rated Capacity 60.0 kw
Mean Output 6.57 kw
Capacity Factor 11.0 %
Total Production 57,553 kWh/yr

Generic 10 kW Output (kW)

o

Page 8 of 11

System Simulation Report

300

Generated 11/25/2018 9:12:38 PM




156

HKeMER
(Pro )

Converter: System Converter

System Converter Electrical Summary

Quantity Value Units
Hours of Operation 4,385 hrs/yr
Energy Out 104,265 kWh/yr
Energy In 109,753 kWh/yr
Losses 5,488 kWh/yr
System Converter Statistics
Quantity Value Units
Capacity 58.5 kW
Mean Output 11.9 kw
Minimum Output 0 kW
Maximum Output 58.5 kw
Capacity Factor 20.4 %

System Converter Inverter Output (kW)
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Grid: Grid

Grid rate: Demand 1

Energy Net Energy

Purchased Energy Sold Purchased Peak Demand Demand
Month (kWh) (kWh) (kWh) (kw) Energy Charge Charge
J y 0 0 0 78.2 0.00 0.00
February 0 0 0 72.0 0.00 0.00
March 0 0 0 82.2 0.00 0.00
April 0 0 0 77.8 0.00 0.00
May 0 0 0 82.1 0.00 0.00
June 0 0 0 85.6 0.00 0.00
July 0 0 0 70.0 0.00 0.00
August 0 0 0 68.5 0.00 0.00
September 0 0 0 78.9 0.00 0.00
October 0 0 0 62.1 0.00 0.00
November 0 0 0 76.2 0.00 0.00
December 0 0 0 83.6 0.00 0.00
Annual 0 0 0 85.6 0.00 0.00
Grid rate: Rate 1

Energy Net Energy

Purchased Energy Sold Purchased Peak Demand Demand
Month (kWh) (kWh) (kWh) (kW) Energy Charge Charge
January 5,159 7,230 -2,071 0 -21,194 0.00
February 4,037 7,347 -3,310 0 -1826,723 0.00
March 4,836 8,360 -3,524 0 -29,365 0.00
April 4,521 8,302 -3,781 0 -830,371 0.00
May 4,466 8,007 -3,541 0 -1828,840 0.00
June 4,373 7,188 -2,814 0 -$24,322 0.00
July 3,773 8,304 -4,532 0 -33,604 0.00
August 4,378 7,880 -3,502 0 -128,455 0.00
September 4,626 6,796 =2,170 0 -120,886 0.00
October 4,292 8,660 -4,368 0 -33,506 0.00
November 4,021 9,046 =35025 0 -36,983 0.00
December 5,014 7,160 -2,147 0 -$21,402 0.00
Annual 53,497 94,281 -40,784 0 -B335,651 0.00
Grid rate: All

Energy Net Energy

Purchased Energy Sold Purchased Peak Demand
Month (kWh) (kWh) (kwWh) (kw) Energy Charge Charge
J y 5,159 7,230 -2,071 78.2 -B21,194 0.00
February 4,037 7,347 -3,310 72.0 -126,723 0.00
March 4,836 8,360 -3,524 82.2 -129,365 0.00
April 4,521 8,302 -3,781 77.8 -$30,371 0.00
May 4,466 8,007 -3,541 82.1 -128,840 80.00
June 4,373 7,188 -2,814 85.6 -124,322 0.00
July 3,773 8,304 -4,532 70.0 -B33,604 0.00
August 4,378 7,880 -3,502 68.5 -$28,455 0.00
September 4,626 6,796 -2,170 78.9 -20,886 0.00
October 4,292 8,660 -4,368 62.1 -B33,506 0.00
November 4,021 9,046 -5,025 76.2 -36,983 0.00
December 5,014 7,160 -2,147 83.6 -121,402 0.00
Annual 53,497 94,281 -40,784 85.6 -B335,651 80.00
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System Architecture

Component Name Size Unit
PV Generic flat plate PV 116 kw
Generic 1kWh Lead Acid
Storage [ASM] 1,043 strings
Wind turbine Generic 10 kW 5 ea.
System converter System Converter 91.5 kW
Dispatch strategy HOMER Cycle Charging
Schematic
AC DC
G10 Electric Load #1 PV
AL @] |fmw
l - -
331.60 kWh/d
85.64 kW peak
Converter LA ASM
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Cost Summary

7000000 —
6000000 -
5000000 -

4000000 -
M Generic 10 kW
Generic 1TkWh Lead Acid [ASM

200000 M Generic flat plate PV
—
1000000 - - System Converter
..
1000000 -
-2000000 , . . .

Capital Operating Replacement Salvage Resource

3000000 -

Net Present Costs

Name Capital Operating Replacement Salvage Resource Total
Generic 10 kW | B630,000 864,638 B1.41M -B795,033 $0.00 B1.31M
Generic 1kWh

Lead Acid

[ASM] B3.55M 8674,170 $42,197 -$10,517 $0.00 $4.25M
Generic flat

plate PV $1.51M $1.36M $223,768 -$126,108 $0.00 $82.97M
System

Converter $164,723 $236,607 $31,061 -B5,846 $0.00 B426,546
System $5.85M $2.34M B1.71M -B937,503 $0.00 B8.96M

Annualized Costs

Name Capital Operating Replacement Salvage Resource Total
Generic 10 kW | 848,733 $5,000 $109,126 -B61,499 $0.00 $101,360
Generic 1kWh

Lead Acid

[ASM] 274,314 $52,150 $3,264 -B813.52 $0.00 8328,915
Generic flat

plate PV $116,733 $105,284 817,309 -B9,755 $0.00 8229,571
System

Converter 812,742 $18,303 $2,403 -B452.22 $0.00 $32,995
System $452,522 $180,736 $132,102 -872,520 $0.00 692,841
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Cash Flow
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Electrical Summary

Excess and Unmet

Quantity Value Units

Excess Electricity 93,454 kWh/yr

Unmet Electric Load 73.5 kWh/yr

Capacity Shortage 120 kWh/yr
Production Summary

Component Production (kWh/yr) Percent

Generic flat plate PV 181,811 79.1

Generic 10 kW 47,961 20.9

Total 229,772 100
Consumption Summary

Component Consumption (kWh/yr) Percent

AC Primary Load 120,960 100

DC Primary Load 0 0

Deferrable Load 0 0

Total 120,960 100
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PV: Generic flat plate PV

Generic flat plate PV Electrical Summary

Quantity Value Units
Mi Output 0 kW
Maximum Output 114 kw
PV Penetration 150 %
Hours of Operation 4,385 hrs/yr
Levelized Cost 1.26 B/kWh

Generic flat plate PV Statistics

Quantity

Rated Capacity 116 kw
Mean Output 20.8 kw
Mean Output 498 kWh/d
Capacity Factor 17.9 %
Total Production 181,811 kWh/yr

Generic flat plate PV Output (kW)
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Wind Turbine: Generic 10 kW

Generic 10 kW Electrical Summary

Quantity Value Units
Mini Output 0 kW
Maximum Output 50.0 kw
Wind Penetration 39.6 %
Hours of Operation 6,325 hrs/yr
Levelized Cost 2.11 B/kWh

Generic 10 kW Statistics

Quantity

Total Rated Capacity 50.0 kw
Mean Output 5.48 kw
Capacity Factor 11.0 %
Total Production 47,961 kWh/yr

Generic 10 kW Output (kW)

o
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Storage: Generic 1kWh Lead Acid [ASM]

Generic 1kWh Lead Acid [ASM] Properties

Quantity Value Units
Batteries 1,043 qty.
String Size 1.00 batteries
Strings in Parallel 1,043 strings
Bus Voltage 2.00 \

Generic 1kWh Lead Acid [ASM] Result Data

Quantity Value Units

Average Energy Cost 0 B/KWh
Energy In 65,854 kWh/yr
Energy Out 55,568 kWh/yr
Storage Depletion 199 kWh/yr
Losses 10,485 kWh/yr
Annual Throughput 60,608 kWh/yr

Generic 1kWh Lead Acid [ASM] Statistics

Autonomy 62.0 hr
Storage Wear Cost 0.109 B/kWh
Nominal Capacity 1,070 kWh
Usable Nominal Capacity 642 kWh
Lifetime Throughput 959,539 kWh
Expected Life 15.8 yr

Generic 1kWh Lead Acid [ASM] State of Charge (%)
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Converter: System Converter

System Converter Electrical Summary

Quantity Value Units
Hours of Operation 7,276 hrs/yr
Energy Out 89,886 kWh/yr
Energy In 94,617 kWh/yr
Losses 4,731 kWh/yr
System Converter Statistics
Quantity Value Units
Capacity 91.5 kW
Mean Output 10.3 kw
Minimum Output 0 kW
Maximum Output 85.6 kw
Capacity Factor 11.2 %

System Converter Inverter Output (kW)
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System Simulation Report

File: nongplataowind10.homer

Author:

Location: (15°48.1'N, 102°0.6'E)

Total Net Present Cost: -$3,398,797.00
Levelized Cost of Energy (B/kWh): -82.30
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System Architecture

Component Name Size Unit
Wind turbine Generic 10 kW 4 ea.
Grid Grid 1,000 kW
Dispatch strategy HOMER Cycle Charging

Schematic

AC
Grid Electric Load #1
[
A °
il -

140.00 kWh/d
2357 kW peak

Page 3 of 9 System Simulation Report Generated 11/22/2018 8:09:32 PM




172

E*MER
«@»

Cost Summary

1000000 -

-1000000

-2000000 | W Generic 10 kW

Grid

-2000000 -

-4000000

-5000000 T T T T

Capital Operating Replacement Salvage Resource

Net Present Costs

Name Capital Operating Replacement Salvage Resource Total
Generic 10 kW 504,000 $51,710 108,394 -B61,087 0.00 B8603,017
Grid 0.00 -B4.00M 0.00 $0.00 0.00 -$4.00M
System 504,000 -B3.95M 108,394 -B61,087 0.00 -B3.40M
Annualized Costs

Name Capital Operating Replacement Salvage Resource Total
Generic 10 kW 38,987 $4,000 8,385 -B4,725 0.00 B46,646
Grid 0.00 -B309,558 0.00 $0.00 0.00 -$309,558
System 38,987 -$305,558 8,385 -B4,725 0.00 -B262,912
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Cash Flow
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Electrical Summary

Excess and Unmet

Quantity Value Units

Excess Electricity 0 kWh/yr

Unmet Electric Load 0 kWh/yr

Capacity Shortage 0 kWh/yr
Production Summary

Component Production (kWh/yr) Percent

Generic 10 kW 98,186 86.1

Grid Purchases 15,907 13.9

Total 114,093 100
Consumption Summary

Component Consumption (kWh/yr) Percent

AC Primary Load 51,100 44.8

DC Primary Load 0 0

Deferrable Load 0 0

Grid Sales 62,993 55.2

Total 114,093 100
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Wind Turbine: Generic 10 kW

Generic 10 kW Electrical Summary

Quantity Value Units
Mi Output 0 kW
Maximum Output 40.0 kw
Wind Penetration 192 %
Hours of Operation 8,692 hrs/yr
Levelized Cost 0.475 B/kWh

Generic 10 kW Statistics

Quantity

Total Rated Capacity 40.0 kw
Mean Output 11.2 kw
Capacity Factor 28.0 %
Total Production 98,186 kWh/yr

Generic 10 kW Output (kW)
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Grid: Grid

Grid rate: Demand 1

Energy Net Energy

Purchased Energy Sold Purchased Peak Demand Demand
Month (kWh) (kWh) (kWh) (kw) Energy Charge Charge
J y 0 0 0 20.1 0.00 0.00
February 0 0 0 18.4 0.00 0.00
March 0 0 0 17.1 0.00 0.00
April 0 0 0 15.1 0.00 0.00
May 0 0 0 12.6 0.00 0.00
June 0 0 0 13.8 0.00 0.00
July 0 0 0 14.6 0.00 0.00
August 0 0 0 14.3 0.00 0.00
September 0 0 0 16.1 0.00 0.00
October 0 0 0 16.5 0.00 0.00
November 0 0 0 18.5 0.00 0.00
December 0 0 0 21.4 0.00 0.00
Annual 0 0 0 21.4 0.00 0.00
Grid rate: Rate 1

Energy Net Energy

Purchased Energy Sold Purchased Peak Demand Demand
Month (kWh) (kWh) (kWh) (kW) Energy Charge Charge
January 2,129 2,738 -609 0 -87,272 0.00
February 1,675 3,610 -1,934 0 -114,455 0.00
March 1,633 4,376 -2,743 0 -819,235 0.00
April 1,263 4,894 -3,631 0 -$23,932 0.00
May 934 5,770 -4,836 0 -30,605 0.00
June 1,007 6,255 -5,248 0 -133,200 0.00
July 791 7,666 -6,875 0 -42,594 0.00
August 959 6,983 -6,024 0 -837,774 0.00
September 1,150 5,351 -4,202 0 -27,165 0.00
October 1,154 6,345 -5,191 0 -133,108 0.00
November 1,228 5,916 -4,688 0 -830,213 0.00
December 1,984 3,089 -1,105 0 -$10,004 0.00
Annual 15,907 62,993 -47,086 0 -B309,558 0.00
Grid rate: All

Energy Net Energy

Purchased Energy Sold Purchased Peak Demand
Month (kWh) (kWh) (kwWh) (kw) Energy Charge Charge
J y 2,129 2,738 -609 20.1 -B7,272 0.00
February 1,675 3,610 -1,934 18.4 -14,455 0.00
March 1,633 4,376 -2,743 17.1 -$19,235 0.00
April 1,263 4,894 -3,631 15.1 -123,932 0.00
May 934 5,770 -4,836 12.6 -30,605 80.00
June 1,007 6,255 -5,248 13.8 -133,200 0.00
July 791 7,666 -6,875 14.6 -B42,594 0.00
August 959 6,983 -6,024 14.3 -837,774 0.00
September 1,150 5,351 -4,202 16.1 -$27,165 0.00
October 1,154 6,345 -5,191 16.5 -33,108 0.00
November 1,228 5,916 -4,688 18.5 -$30,213 0.00
December 1,984 3,089 -1,105 21.4 -10,004 0.00
Annual 15,907 62,993 -47,086 21.4 -309,558 80.00
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The Energy Management Study of Hybrid Renewable
Energy Sources Appropriate to the Load
of the Central Sports Stadium in Chaiyaphum Province
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Abstract— Renewable energy plays a considerable role in Thailand today since the demand for electricity is
increasing both in the household and industrial sectors. It can reduce emissions from the production of electricity from
coal, and reduce global warming. Therefore, this paper is a study of the energy management of hybrid renewable
energy sources suitable for the load of the central sports stadium in Chaiyaphum province. The Homer Pro is used to
analyze the size of a system with integrated renewable energy sources, including solar energy and wind power
generation. It also analyzes the economics of the system and analyzes the size and cost of the system with the
appropriate battery energy storage system. The simulation results show that grid connections (On-Grid) can save cost
more than Off-Grid systems. Due to the Off-Grid system, the cost of the battery is large and expensive. So, with the on-
grid system, it is more than worth the investment and can sell the electric power back to the electrical system. However,
the Off-Grid system also has advantages for remote areas and it is useful for systems with small loads. When the price

of the battery decreases, Off-Grid systems will play an important role in smart grid systems.

Keywords— Energy t, Hybrid r

1. INTRODUCTION

Currently, electrical energy has a significant role in the
survival of the human. With the demand for more energy,
they need a power supply to meet demand. In Thailand, the
production of electricity is made from crude oil, coal and
natural gas which cause air pollution. As the amount of
fossil fuels decreases, renewable energy is becoming a
valuable alternative that can help to supply enough
electricity to meet the needs of consumers. The renewable
energy sources in Thailand include solar energy, wind
energy, wave energy (water), biomass, biogas, etc., which
are clean energy and environmentally friendly [1] [2]. Fig. 1
shows the energy consumption by type of energy.

Electric power is considered to be very important.
Therefore, we have conducted research on energy
management as well as analysis of hybrid renewable energy
systems to be applied to each electrical load system. Finding
the optimal size of a standalone solar and wind power
system, as well as energy storage, is an essential part of
energy management. Therefore, the analysis of renewable
energy resources thoroughly to reduce the initial costs and
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le energy sources, Solar energy, Wind energy, Energy storage system.

operating costs of the system [3]. The energy management
strategy for microgrids was developed for use in industrial
and small-scale groups, both on the grid and off-grid. This
system can help to reduce the cost of electricity and fuel
costs, whereby the system can predict the load requirements
by finding the appropriate value [4].

<

= Petroleum Products

= Electricity
Coal/Lignite
Natural Gas

® Renewable Rnergy

= Traditional Renewable
Energy

7% l

Fig. 1 The energy consumption with the type of energy [2]

The smart grid system gets more attention, which is more
intelligent, capable, or more capable of responding to work,
using fewer resources and is more efficient, reliable, safe
and environmentally friendly. This system has the
application of information and communications technology
(ICT), sensor systems, data acquisition systems and
automatic control technologies so that the power systems
can automatically recognize state information for automated
decision making [5]. The energy management methods are
presented for hybrid renewable energy systems to supply
power to the pumping stations. The combined renewable
energy systems include solar cells, fuel cells and
supercapacitors. Using Fuzzy logic control technique for
analysis, it can help improve the system performance [6].
The optimization of the microgrid system using multiple
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renewable sources is a sophisticated system enhancement.
The particular swarm optimization techniques have been
applied to analysis [7]. One of the essential factors for the
excellent performance of an electrical system is to provide
sufficient power to the system. Higher load requirements
lead to insecurity and inadequate power supply. To ensure a
stable electrical system, there must be a correlation between
the demand and the available supply. In 2011, household
energy consumption in Thailand was in third place of total
energy consumption. Also, the demand is also rapidly
increasing, close to the energy produced [8], [9]. The
renewable energy sources in Thailand have increased
dramatically since 2006. This is because the Thai
government has the policy to support the renewable energy
and clean energy, which has a strategic plan for the country,
with incentives for subsidies for biomass and solar power
[10]. Fig. 2 shows the proportion of fuel used to generate
electricity in the system of EGAT in 2018. In the use of
renewable energy sources, whether solar or wind energy, it
is necessary to examine the environmental impact of
producing such energy. It also analyzes and examines the
impact on human health, ecological quality, and resource
consumption, especially biomass power plants with the most
significant environmental impact [11].

140000
120000
100000
80000
60000

40000

0 -
Natural Gas CoallLignite ~ Water Fuel Oils Diesel

Renewable  Buy from
Rnerzy Abroad
Fig. 2 The proportion of fuel used to generate electricity

in the system of EGAT in 2018 [17]

Chaiyaphum province is one of the few areas in Thailand
that has the best solar and wind power potential. In order to
take advantage of these energies, it is necessary to study the
energy management of hybrid renewable energy sources in
Chaiyaphum province. Using the HOMER software for
analyze to analyzing the renewable energy management to
suit the electrical load of this case study. It is the most
beneficial use of natural resources, which can reduce the
electric charge to a case study area and is a model for other
areas.

2. METHODOLOGY

This section describes the theories, techniques for analyzing
using the HOMER software, the potential of the area, the
case study and the electrical load of the study area.

2.1 HOMER Pro Software

Nowadays, there are several software that has been
developed for the design and planning for the production of
electricity from renewable energy around the world.
HOMER software is a commercially used software
developed by the National Renewable Energy Laboratory

(NREL), which is a powerful tool for the simulation of
hybrid renewable energy sources [12], [13]. The HOMER
software can be used to increase the efficiency of renewable
energy systems by considering the system's current cost in
different configurations and can check the impact of various
loads. HOMER software can simulate similar renewable
energy technologies and components available. The results
are very detailed for analysis and evaluation, considering the
possible combinations of technologies and the different sizes
of renewable energy sources, and it can work quickly in
multiple conditions. The results may be useful in studying,
configuring the system, and optimizing the system [14]. So,
Homer version 3.11.2 is used for system simulation in this
study, which is a form of renewable energy systems that
include PV and WG hybrid system being integrated with the
battery energy storage system (BESS), with both models,
On-Grid and Off-Grid.

2.2 Study Area

The study area for this research was the central sports
stadium in Chaiyaphum Province as shown in Fig. 2.
Chaiyaphum Province is located in the northeast of
Thailand, while the central sports stadium is under the
control of the Chaiyaphum Provincial Administrative
Organization. They focus on renewable energy and hybrid
renewable energy systems, so this area was selected for this
study.

Laos

Vientiane
o35%s
-

Thailand
Bangkok
NS
-

Pattaya City
Jaawmen

Vietnam

Chaiyaphum

utea b

Fig. 3 The study area, the central sports stadium
in Chaiyaphum Province
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Wind potential in the study area

Wind energy is a natural energy that can be utilized by
generating electricity using wind turbines. Wind turbines can
change the kinetic energy from the motion of wind into
mechanical energy before producing electricity and the wind
power generation is not harmful to the environment. The
wind speed data of the study area was measured from the
Chaiyaphum Station of Thailand Meteorological Department
[15]. A month’s average maximum wind speed is 6.07 m/s,
the minimum wind speed 4.49 m/s and the average annual
wind speed 5.35 m/s measured at the height of 50 m.

Solar potential in the study area
Solar energy is a clean, pollution-free natural energy
that has been used extensively throughout the world. It is a
high potential renewable energy that can be used
extensively, especially the use of solar energy to produce
electricity. It can enhance the stability of the power system
and also reduce global warming to one another. Solar cells

2.3 Load assessment of the study area

Before selecting any type or size of the renewable energy
system, it is necessary to estimate the electrical load
carefully. The electrical load data are based on the existing
electrical load data of the center sports stadium of the year
2017, which was measured by the installation of a data
collection system through the Provincial Electricity
Authority. The main electrical load at Chaiyaphum central
stadium is the general lighting system, incandescent
spotlight and electric water pumping system. The maximum
electric load occurred during May and June, which was
calculated by the Homer program as a potential electrical
load in the future, averaging 331.6 kWh/day and 120,450
kWh/yr. with a maximum power of 85.64 kW [17].
Fig. 6 and Fig. 7 show the characteristics of the daily
electrical load curve and monthly electrical load curve,
respectively.

are electronic devices created to convert solar energy into 60
electricity. Solar power generation has the highest efficiency
in daytime operation, which corresponds to peak load 50
applications in the daytime. In Thailand, the highest average "
sunshine area is in the northeastern part of the country and
the intensity of solar radiation is in the range of 20-24 530
MIJ/m?day [16]. In Chaiyaphum province, annual solar
radiation is measured, with the average annual average of 20
6.04 kWh/m? in April and the lowest average power of 4.760
kWh/m?. In the study area, the average solar energy was 10
5.17 kWh/m? and average ambient temperature 20 °C. 0
1234567809101112131415161718192021222324
Hour
Fig. 6 The daily electrical load curve
Monthly Average Wind Speed Data
Month | Average (m/s| ’
Jan 4490 6
Feb 4.900
Mar 5120 g E
Apr 5.240 E"’
May 5450 H
Jun 5.580 =3
Jul 6.070 %
Aug 5900 i2
Sep 5300 q
Oct 5750
Nov 5.780 0
Dec 4580 § & & & & $ & & £ & $ &

Parameters | Variation With Height | Advanced Parameters
Altitude above sea level (m): 0

Anemometer height (m): 50

Fig. 4 The data of annual average wind speed for the study area, Chaiyaphum Province
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Fig. 5 The data of annual average solar energy for the study area, Chaiyaphum Province
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Fig. 7 The monthly electrical load curve
3. DESIGNING ON-GRID AND OFF-GIRD | AC
RENEWABLE SYSTEMS G3 Electric Load #1
The subsystem size is determined by the relationship +
between the electrical energy demands of the electrical load .
of the Chaiyaphum central stadium with the system type ::L‘tma 1
using the HOMER software. In order to find the appropriate s
subsystem size of the electrical load on the system, choose
the system components from the HOMER software for On-
Grid and Off-Grid renewable systems. Fig. 8 shows the grid-
connected system consisting of a PV array, wind turbine,
converter, and grid for a backup system. Fig. 9 shows an Fig. 9 Off-Grid renewable systems

Off-Grid system consisting of a PV array, wind turbine,

converter, and batteries for a backup system.
P 8y After the renewable energy system connects to the

AC DC 1 program, to give the experimental results which were closest
Grid Electric Load #1 PV to the actual values, some parameters must be set such as the

pur—wy equipment, installation and maintenance costs as well as the
< a J 0 purchase and the sale rate of electricity. Table 1: shows the

cost of equipment in renewable energy systems, which the
85.64 kW peak EPA has determined the purchase price of electricity
G3 Converter produced from renewable energy of 6.01 baht/kWh and the

electricity is charged with 4.35 baht/kWh [23], [24]. After
entering the information into the program, the simulation
results are shown in the section below.

Fig. 8 On-Grid renewable system

33160 KWh/d
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Table. 1 Cost of Equipment in Renewable Energy Systems [18-22]

Equipment cost

Installation and Transportation costs

Maintenance costs/year

Equipment (USD) (USD) (USD)
Wind Turbine 3 kW 2,809.85 24433 24.43
PV array 330 W 128.28 24.43 6.10
Battery | kWh 100.9 3.05 1.53
Converter 55.05 1.53 1.53

4. SIMULATION RESULTS

The simulation results of this study show the size of the
subsystem of renewable energy sources and the cost of
investment. Fig. 11 shows the results of the On-Grid cost
analysis of the renewable energy system. Fig. 14 shows the
simulation results of the renewable energy system. A
combination of hybrid renewable energy sources combined
to produce the electricity and supply to the load was used.

4.1 On-Grid cost analysis of Renewable Energy system

The grid connection system uses grid systems as a backup
power source. The monthly average electricity production is
shown in Fig. 10. Fig. 12 shows the production and
consumption of electricity in the On-Grid system. In the
component architecture for PV (kW), optimizing capabilities
by selecting 70 kW and WG of 18 kW are combined to meet
the maximum power load, and converter 301 kW. The cost
will calculate the total cost of the system for 25 years. The
COE (cost of energy) is 0.0115 USD, NPC (Net Present
Cost) 27,307 USD and initial cost for the system 47,380
USD.

4.2 Off-Grid cost analysis of Renewable Energy system

In the systems that are not connected to the grid, the system
uses battery power and has a larger size of renewable energy
systems. The average monthly electricity production of this
system is shown in Fig.13 and the production and
consumption of electricity for the Off-grid system is shown
in Fig.15. HOMER selects the solar cell size 135 kW, the
wind turbine 42 kW, the battery 962 kWh and the converter
93.2 kW are based on the specified electrical load. The cost
will calculate the total system cost for 25 years. So, the COE
(cost of energy) is 0.163 USD, NPC (Net Present Cost)
255,589 USD, and the initial cost for the system is 193,932
USD.

Monthly Average Electric Production

mpv 259

Grid 39
mG3
1
10

5

o |
Jan Feb Mar Apr May

Jun Jul Aug Sep Oct Nov Dec

Fig. 10 Monthly electricity production of the On-Grid system
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Fig. 11 The simulation result of On-Grid power system

Production kWh/yr | % Consumption
Generic flat plate PV | 109,892 58.1 AC Primary Load
Generic 3 kW 16891 892 DC Primary Load
Grid Purchases 62470 330 Deferrable Load
Total 189,252 100 Grid Sales

Total

$27307  $00115  -§1553 $47,380
KWh/yr Quantity KWh/yr| %
121034 659 Excess Electricity 576 00304
0 0 Unmet Electric Load 0 0
0 0 Capacity Shortage 0 0
62669 341
183,703 100 Quantity Value| Units

Renewable Fraction 660 %

Max. Renew. Penetration 114 %

Fig. 12 Production and consumption of electricity (On-Grid)
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Monthly Average Electric Production
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Fig. 13 Monthly electricity production of the Off-Grid system

Architecture Cost
o | @3 7| 1w 1 7| e ) pispaten | e @ V) ToF @ | 0o ot @ | Iniel copitel
4 962 932 c $255589  $0.163 $4,769 $193,932
Fig. 14 The simulation result of an Off-Grid power system
Production KWhiyr | % Consumption KWh/yr Quantity KWh/yr
Generic flat plate PV 211,600 843 AC Primary Load 120,954 100 Excess Electricity 110936 442
Generic 3 kW 39411 157 DC Primary Load 0 0 Unmet Electric Load  79.6 0.0658
Total 251,012 100 Deferrable Load 0 0 Capacity Shortage 120 0.0994
Total 120,954 100
t Value | Units
Renewable Fraction 100 %
Max. Renew. Penetration 4,538 %
Fig. 15 Production and consumption of electricity (Off-Grid)
Table. 2 Comparative Costs of On-Grid and Off-Grid System
System PV (USD) G3 (USD) Grid (USD)  Battery (USD)  Converter (USD) Total cost (USD)
On-Grid power system 44,659.37 18,957.99 - 40,841.98 - 4,531.37 27,306.75
Off-Grid power system 85,993.06 44,235.31 - 118,333.95 7,026.55 255,588.86
Table. 3 Electricity Productions
System Generic flat plate PV Generic 3 kW Grid purchases Total
On-Grid power system 109,892 kWh/yr. 16,891 kWh/yr. 62,470 kWh/yr. 189,252 kWh/yr.
Off-Grid power system 211,600 kWh/yr. 39,411 kWh/yr. - 251,011 kWh/yr.

Table 2 shows the comparative costs of On-Grid and
Oft-grid system. On-Grid system had a Total cost of less
than Off-Grid system up to 10 times. Due to the On-Grid
system, the electricity can be sold back to the grid, which
can reduce costs. The Off-Grid system requires more power
generation units than the On-Grid system and with a large
battery energy storage system, Off-Grid systems had a total
higher cost.

Table 3 shows electricity production; the On-Grid system
generates 189,252 kWh/yr of electricity, which is less than
the Off-Grid system that can generate 253,011 kWh/yr. Due
to the On-Grid systems having the less power generation
unit and can purchase the electricity from the power grid
(62,470 kWh/yr). It is used as a backup at peak load and
during the night. Simulation of hybrid renewable energy
system appropriate to the load of the Central Sports Stadium
in Chaiyaphum Province, the On-Grid hybrid renewable
energy system is best suited for this case study. Using
renewable energy from wind and solar energy, 70 kW solar
system and a low speed wind turbine of 18 kW. The system
selects the size of the solar system rather than the wind
energy because of its low cost. Off-Grid systems are so large
that they provide enough electricity to load as they are not

connected to the electrical system and the energy is stored in
the battery for backup power.

The obtained results can evaluate by comparison with the
Frisk’s research [25]. He simulation and optimization of a
hybrid renewable energy system for application on a Cuban
farm. Using renewable energy from PV, wind, biogas and
battery. The annual average electrical load of the system is
264 kWh/day, the peak load is 26.34 kW. As a result, he
installed a PV system 100 kW and wind 10 kW. The hybrid
system (Off Grid) can produce the electricity 222,374
kWh/yr. The Total cost of the system 419,000 USD.
Compared to the results, the size of the installed system and
the amount of electricity produced were comparable. The
price of the system is high, probably due to the price of each
device is not equal, some devices may be expensive. For
comparison, this shows the installation size of the hybrid
system that tends to go in the same way.
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5. CONCLUSION

The energy management of renewable energy sources is
essential in making the most of the energy conversion and
use of natural energy. In the study area, the electric load of
the center sports stadium in Chaiyaphum Provincial, using
the 1-year electricity data from the Provincial Electricity
Authority was used. It is used as the basis for analyzing
subsystems of integrated renewable energy systems and
analyzing system interactions between solar cells, wind
turbines, battery and other devices, both On-Grid and Oft-
Grid system.

The grid connection system uses grid systems as a backup
power source. This article analyzes the cost of On-Grid and
Off-Grid hybrid renewable energy systems at the center
sports stadium in Chaiyaphum Provincial. The simulation
results show that grid connections (On-Grid) can save cost
more than Off-Grid systems. Due to the Off-Grid system,
the cost of the battery is large and expensive. So, with the
On-Grid system, it is more than worth the investment and
can sell the electric power back to the electrical system.
However, the Off-grid system also has advantages for
remote areas and it is useful for systems with small loads.
When the price of the battery decreases, Off-Grid systems
will play an essential role in the smart grid systems.
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Abstract

This paper is to study the water treatment with renewable energy systems in Nong Pla The
Park area of Chaiyaphum province. The problem is that the park area consists with large pond, which
there is not a water circulation system. Hence, the water would be rotten due to the death animals
and inadequate amount of the oxygen in the water. There renewable energy systems are included four
sets of 10 kW capacity wind turbines, a 5 kW water turbine and ten 300 W solar turbines for water
treatment. The wind turbines are used for generating electricity to power the water pump to circulate
the water at 30 m3/h. There are two water pumps with 10 kW each and there operates ten hours per
day. The total electrical unit power from the water pumps is 200 kWh, which it is adequate for wind
turbines to produce electricity per day. This circulation system would create the natural water

treatment and these could circulate the water in the pond for 300 m3/day.

Key words: Water treatment, Small wind turbines, Renewable energy
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Abstract

. Keywords: Solar Energy, Wind Energy, Hybrid Renewable
Renewable energy utilization is widely concerned all . . .

i K i X . Generation, On-Grid Generation.
over the world. They are increasingly utilized in Thailand

due to the Royal Thai government policy and subsidize that .
. L . . 1. Introduction
emphasize their utilization in potential areas. Chaiyaphum

Province, located in northeastern part of Thailand, is a high X X X
i . X Basically, energy is very important and necessary to
potential area for renewable energy utilization. This paper X L. R
L . X human life. The world is driven by the energy with power
presents the feasibility study of the potential of hybrid L. . .
. . . consumption in various categories. However, some energy
renewable energy sources, i.e. solar and wind energies, for L . X
. i o are limited and not cost effective. The effort to bring
the rural community under Chaiyaphum Provincial .
L X i i renewable energy sources to generate the electricity
Organization. In this study, annual data of wind speed, wind .
. . . increases all over the world. Renewable energy sources are
direction, wind gust speed and solar irradiation taken from K X R
X i Lo natural energy sources including wind, solar, hydropower,
the meteorological department of Chaiyaphum provincial i K .
i i . K biomass, biogas and geothermal energies, that can be
area, Thailand were used in the study. Optimum hybrid . .
. . . . recycled, which have been very popular as an alternative
renewable energy generation sources, i.e. wind turbine and . .
N i energy for electric power generation sources. Renewable
PV, were designed for Nongplathao Park Community, . i
L. R i energies are known as green energy to reduce pollution and
Muang District, Chaiyaphum province. Results showed the .
. global warming problems.
annual average wind speed of 7.02 m/s, and annual average . . .
) . The hybrid renewable energy system is the electric
solar energy of 4.6722 kWh/m”. Furthermore, the design of i i i
i i i generation system which combines two or more renewable
On-Grid hybrid renewable generation system was seen to . i L
. . energy resources with off-grid or on-grid in order to fulfill
be practical. Initial investment cost was analyzed by Homer
. . the demand of a selected area. An energy storage system
Version 3.6.3.0. From the results, the total capacity for i i K
K . i can also be included or excluded in the hybrid renewable
generation of electricity from hybrid renewable energy R R X
. . energy system. An example of on-grid PV-wind turbine
sources of 52 kW was obtained. By considering the X . o
i i i . . i hybrid renewable energy system is shown in Fig.1.
community location and its potential, small wind turbines o o
i i X For renewable energy sources utilization, the feasibility
with a capacity of 3 kW/tower, 4 units and PV system of 40 . . i .
. studies of potential and optimal of the hybrid renewable
kW were chosen for design in this study.
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energy generation system were conducted all over the

world.
AC DC
Deferrable Load
Grid |5l —5| Load
Converter
WT |le¢

Fig. 1. On-grid PV-wind turbine hybrid renewable
energy system.

The economic feasibility analyses of biogas, biomass,
PV wind-based stand-alone and grid-connected hybrid
renewable energy source for dairy farm-based energy
generation was conducted in South-Africa'”. Their systems
were designed to not only cater for the energy needs of the
farm but also for the local community. They found an
optimum solution to apply in South Africa. The simulation
and economic analysis of hybrid renewable energy system
consisting of photovoltaic arrays, along with wind turbines
and battery systems were conducted in India®. They found
that the combination of solar and wind energy resources
with the battery as a backup source brings to the optimal
configuration of the hybrid renewable energy system with
5% of surplus energy and can be used as an off-grid system
in Pithoragarh, Uttarakhand. The isolated hybrid renewable
energy system including PV, wind turbine, and ocean
renewable energy storage was studied in Iran based on a
real case study by using weather data from Kish Island®.
They found that regarding weather conditions of island and
load changes, the best hybrid system consisted of 4 wind
turbines, a solar system with a capacity of 2MW and 9
ORES storage sphere was most economical structure.

Thailand’s government has a policy directly on the
electricity market for generated power from renewable
energy as an alternative energy development plan (AEDP)
2015. The goal of renewable energy source was set to supply
25% of the total demand within 2021, Chaiyaphum is
located in the northeastern area of Thailand, about 342
kilometers from Bangkok. Its area is approximately
12,778.3 7,986,429 hectares,
representing 7.6 percent of the northeastern area and 2.5

squared kilometers or

percent of the entire country. Location of Chaiyaphum
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province is shown in Fig. 2. Currently, 14 renewable energy
power plants are located in Chaiyaphum province including
8 solar power plants, 2 biogas power plants, 3 biomass
power plants and 1 wind turbine power plant. Their total

power generation capacity is 126.7 MW,

Fig. 2: Location of Chaiyaphum province.

In this study, the feasibility study to design the
optimum on-grid renewable energy system combining PV
and wind turbine systems having a power capacity not less
than 52 kW to supply electricity to the offices of
Chaiyaphum Province and Nongplathao park. The selected
area needs the energy of 1,148.90 kWh/ d.

2. Methodology

The studied on-grid hybrid renewable energy system
consists of the wind turbine and solar photovoltaic panels.
Before designing the optimal system, selected location, load
profile, and potential of renewable energy resources should
be evaluated and they are summarized as below.

2.1 Location of Study Area
The selected area for hybrid renewable energy system
is located in Nongplathao Park, Muang district,

Chaiyaphum province, Northeastern of Thailand having
latitude 15° 48' 08.81"N and longitude 102 ° 00' 37.50"E, as

shown in Fig 3.
2.2 Load profile

In this study, the electrical load profile of selected area

was considered according to the seasonal variations i.e.
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during summer, rainy, and winter seasons. The average

energy consumption per month is 187.18 kWh or equivalent
to 162,660.30 Baht/month. Monthly electrical load of the
study area is shown in Fig 4.

n L bl

Fig. 3. Location of the study area.

250 A
200 A

150 1

kWh/month

100 1
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& @é W& \‘@ & & Yp"o & & %°4 &

Month

Fig. 4. Monthly average load for a complete year.

2.3  Solar Energy Potential

The global solar radiation incident on the area of
Thailand is shown in Fig. 5. As illustrated in Fig. 5, highest
solar irradiation, 19-20 MJ/mZ-day, was measured in the
northeastern area of Thailand, i.e. Nakhon Ratchasima,
Chaiyaphum, Khon Khean, Mahasarakham, Burirum,
Surin, Srisakhet, Roi Et, Yasothon and Ubon Ratchathani
provinces, due to their dry plateau(®’. Annual average global
radiation of Thailand during 1964-2008 is 6.82 MJ or 4.672
kWh/m?/d, as shown in Fig.6.

The proper location has the highest potential to utilize
solar energy for electric power generation. The selected
study area located at 15° 48' 08.81"N, 102 ° 00' 37.50"E has
the high potential for generating electricity from solar
energy, as shown in Fig. 5. In such area, the highest average
energy in April of each year is 5.458 kWh/ day and the
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lowest in September, with the average energy 4.161
kWh/day.

3 u n s "2 19 2 2

2 Mim'day

Fig. 5 Average annual solar irradiation map of
Thailand.

25 Global and Diffuse Radiation between 1964-2008

/\/_Global
15

§ Annual avg. of global radiation = 16.8 MJ/ sqm.
E 10
Diffuse
s Annual avg. of diffuse radiation = 7.7 MJ/ sqm.
0
Jan Feb Mar Apr May Jun Jul Aug Sep Otc Nov Dec
Month
Fig. 6. The annual average of global and diffuse
solar.
24  The Wind Energy Potential

In order to utilize wind energy to generate electricity,
annual monsoon characteristic of selected location is very
important. Annual monsoon characteristic of Thailand is
illustrated in Fig. 7. Direction and speed of the wind at
selected location must continuously measured to obtain
correct wind data for analyzing the potential of wind energy
to generate electricity.
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; = = T Station. Wind data of 2015 is shown in Fig. 8. The
monthly average wind speed in the minimum is 5.293 m/s

NE monsoo!

and the maximum is 8.844 m/s. The annual average wind
.\ \lonm‘?;ﬁ", speed is 7.019 m/ s, which is sufficient for utilizing the
3 Wi © . . . .
I oA J - ‘& Sep. ~e o wind energy in the selected area. As illustrated in Fig. 8,
L 7 Moisghn Trough™ J N ] annual average wind speed measured was seen to be

suitable for designing on-grid hybrid renewable energy

generation system. From wind speed data, due to the cold
Cyclone, “ \ln-sm7’l’m¢i

sw ,”%" Ox\y/

season under northeast monsoon and tropical cyclone
during November-January resulting average wind speed at
6.264 m/s was measured. In March —April, hot weather in
summer under southwest monsoon and tropical cyclone
resulting average wind speed at 6.563 m/s was measured.

From May-October under rainy season with the effect of
Fig. 7 Season monsoon in Thailand. tropical cyclone and southwest monsoon, average wind

Wind data of study area was measured and collected by speed at 7.675 m/s. was measured and was recorded as the

the department of meteorology in Chaiyaphum Measuring highest wind speed of the measuring year.
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Fig. 8 Daily wind speed for each month of 2015.

25 Simulation Model of Hybrid Renewable Energy Renewable Energy Laboratory (NREL) to use in the design

System and the planning of renewable energy generation based

microgrids. HOMER is used worldwide as a tool to utilize

Recently, HOMER (Hybrid Optimization Model fc
ecenty, (Hybrid Optimization Model for renewable energy sources'’'¥. Three mainly tasks, i.e.
Electric Renewables) is a micropower optimization . . L e .
simulation, optimization, and sensitivity analysis are
t del software developed by the U.S. National
computer model software developed by the U.S. Nationa performed in HOMER to analyze behavior or renewable
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energy supply system and its lifecycle cost. This study, the
renewable hybrid system model consists of PV and WG, as
shown in Fig 9. Homer version 3.6.3.0 was used to
simulate the study system. In regular operation, PV and

wind turbine feed the load demand to associate energy from

the power grid.
AC DC

Grid Deferrable Load PV

FLl L@ |-
— 112850 wnd =

24222 AW peak

G3 Converter

A~

Fig. 9. Simulation Model of the PV-Wind system.

3. Simulation Results

By using all collected data, i.c. load demand, solar
energy, and wind energy potentials, average hourly hybrid
renewable energy output for each month are shown in Fig.
10. The average load demand at 1,177.22 kW/day was
obtained from the simulation results. Furthermore, the
average renewable energy output of 173.342 kW/day which
represents 14.93% of the total energy demand was obtained.
The average ratio of each energy sources to supply the load
demand for every month is illustrated in Fig. 11. The ratio
of total hybrid renewable power generation and power load
demand from is shown in Fig. 12.

Total Renewable Power Output Daily Profile
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Fig. 10. Obtained average hourly demand for each month.

Monthly Average Electric Production
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Fig. 11. Obtained monthly power ratio of renewable energies and power of grid.
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W Total Electrical Load Served
I Tots! Renewable Power Output

Fig. 12. Obtained ratio of total hybrid renewable power generation and supplied power from the grid.

The simulation results showed that the total capacity
for the generation of electricity from hybrid renewable
energy sources was 52 kW. By considering the selected
area location, for wind energy utilization, slow speed small
wind turbines with capacity 3 kW/tower 4 units were
chosen to design for installation in the study. For the
potential of solar energy, the suitable capacity of PV system
for design and installation in the study area is 40 kW.

The results showed that the initial cost for wind turbine
installation is 1,199,940 Thai Baht and the initial cost for
PV system installation is 2,650,200 Thai Baht. Furthermore,
the maintenance cost of 5.312 Baht/kWh, generation
capacity of the designed system 63,270 kWh/yr. and selling
cost of generated energy of 3.85 Bath/kWh were obtained.

4. Conclusions

This paper presented the feasibility study of
hybrid renewable energy system for a rural
community in Thailand by using Homer version
3.6.3.0 to simulate and optimize on-grid PV and wind
turbine renewable sources. The study considered the
selected location data such as global solar radiation,
wind speed, and daily load demand. The optimal
system was obtained from the simulation results.
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Abstract—Hybrid renewable energy began to play an
essential role after the fossil energy is gradually reduced. In
Thailand, the government is very interested in renewable energy,
and there are many potential areas in countries where renewable

energy sources such as wind energy and solar energy are available.

This paper presents the study results of the optimal design of
hybrid renewable energy generation sources integrated with
battery storage system in a case study of Nongplathao Park,

Chaiyaphum Provincial Administration Or ion in Thailand
In this study, the On-Grid and the Off-Grid hybrid renewable
generation systems were designed, and Homer version 3.11.2
software was used as an analytical tool. The simulation results
show that On-Grid renewable energies system can produce
electricity supplied to the load and there is also electricity that is
sold to the system. The Off-Grid system used renewable energy
sources to generate power integrating with the energy storage
system for supply electricity to the selection area. Although, an
Off-Grid system has expensive installation costs, in the future
there is a tendency for lower system equipment costs. This
simulation can be used as a case study to promote to other
appropriate areas. The simulation results show that On-Grid
renewable energies system can produce electricity supplied to the
load and there is also electricity that is sold to the system. The
Off-Grid system used renewable energy sources to generate power
integrating with the energy storage system for supply electricity to
the selection area. Although, an Off-Grid system has expensive
installation costs, in the future there is a tendency for lower
system equipment costs. This simulation can be used as a case
study to promote to other appropriate areas.
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1. INTRODUCTION

Currently, energy is very important to human life. It has also
driven the economic and transportation as well. The origin of
energy can be divided into two types: non-renewable energy and
renewable energy. The primary energy used today is

non-renewable energy, such as fossil fuel, uranium, natural gas,
etc. In the next few decades, Non-renewable energy is running
out. So, we have to focus more on renewable energy. Renewable
energy includes solar energy, wind energy, wave energy (water),
biomass energy, etc. It is clean energy and preserves the
environment [1,2].

The hybrid renewable energy system has played an essential
role in the development of electricity. It includes more than two
energy sources with off-grid or on-grid to fulfill the load
demand. The study of hybrid renewable energy systems has
attracted many researchers. They have studied the use of
renewable energy systems to meet the load requirements and
increase the reliability of the system. The load on each bus was
analyzed for the feasibility and the appropriate size of the system
model using the Particle Swamp Optimization (PSO) and
Genetic Algorithm (GA) methods [3,4]. Develop and design a
hybrid renewable energy system consisting of solar and wind
energy. Design a stand-alone system with a backup power
source. It shows that renewable energy systems are suitable for
small community and rural development [5,6]. The optimal size
of the standalone hybrid wind-solar power generation system
with energy storage is studied. Proper allocation of resources
according to load requirements is essential, and a thorough
analysis of renewable energy resources can significantly reduce
system costs [7,8]. Renewable energy technology has been
studied as a guideline for reducing environmental problems. The
energy storage system by Vanadium Redox Battery is used
because of its flexibility in power transmission, high efficiency,
and long life. HOMER software is used to model wind power
systems [9]. The modeling shows the cost of installing wind
power systems and energy storage systems.

This paper presents the optimal design of hybrid renewable
energy generation sources integrated with the battery energy
storage system. The renewable energy sources are PV and wind
turbine systems with less capacity coal 52 kW to supply
electricity as shown in Figure I. The study area is Nongplathao
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Park Community, Chaiyaphum Provincial Administration
Organization in Thailand. The energy of 1,147.00 kWh/day is
the required energy in the area.
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FIGURE I. HYBRID RENEWABLE ENERGY SYSTEM INTEGRATED
WITH THE BESS

II. METHODOLOGY

Vietaarn

A.  Study Area Location

The hybrid renewable energy system in this study consists of
the wind turbine and solar photovoltaic. Chaiyaphum is a
province located in Northeastern of Thailand as shown in Figure Ehptyapham
II. The Nongplathao Park is a public park in Muang district of
Chaiyaphum province.This Public Park is under control of
Chaiyaphum Provincial Administration Organization. And this
park has a high potential for hybrid renewable energy system FIGURE II. LOCATION OF THE STUDY AREA
installation. This area was selected in this study. Based on the
electrical load profile in this study, the average energy  B. Solar Energy Potential
consumption per month is 187.18 kWh or equivalent to
162,660.30 Baht/month. For the electricity supply to the offices
of Chaiyaphum Province and Nongplathao Park, a power
capacity of the renewable energy system is not less than 52 kW.

In Thailand, the solar radiation intensity is in the range of
20-24 MJ/m2-day and the highest average annual sunrise area in
the northeastern of Thailand [10]. In the area of Chaiyaphum
province, the annual solar radiation was measured and was
recorded. The highest average energy in April of each year is
5.458 kWh/day, and the lowest average energy is 4.161
kWh/day in September. Figure III shows the annual average of
global and diffuse solar [11]. Most photovoltaic power
generation in Thailand is used in areas with no access to
electricity. It produces electricity for small households and
connects to the distribution system. However, Large PV
generation system is also increasingly installation in Thailand.
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FIGURE III. THE ANNUAL AVERAGE FOR GLOBAL AND DIFFUSE SOLAR
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C. The Wind Energy Potential

Wind energy is a natural energy and is clean energy. Wind
speed varies with season change in nature. Wind data of study
area was measured by the Chaiyaphum measuring station of the
department of meteorology, Thailand [12]. For the monthly
average, the maximum wind speed is 8.844 m/s, the minimum
wind speed is 5.293 m/s, and the annual average wind speed is
7.019 m/s, respectively. For the last decade, low-speed wind

turbine for electricity generation has been developed in Thailand.

Concerning the wind power potential of the study area, a 10 kW
wind turbine with the minimum operating wind speed to drive
power generator at 2.5 m/s is suitable for installation. However,
due to the fluctuation of wind speed and load demand profile,
the energy storage and other reliable sources of renewable
energy are required as a hybrid renewable energy generation
source.

D. Simulation Model of Hybrid Renewable Energy System

Currently, the software for designing and planning of
renewable energy generation based microgrids was developed
on over the world. Hybrid Optimization Model for Multiple
Energy Resources software (HOMER software) is commercial
software developed by the National Renewable Energy
Laboratory (NREL). It is a powerful tool used for simulating
hybrid renewable energy sources. Homer version 3.11.2 was
used to simulate the study system. This study, the hybrid
renewable energy system model consists of PV and WG
integrated with the battery energy storage system (BESS) as
shown in Figure IV. As shown in Figure IV, the on the left-hand
side is the On-Grid system, and the right-hand side is the
Off-Grid system.
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FIGURE IV. SIMULATION MODEL OF THE PV-WIND INTEGRATED
WITH BATTERY ENERGY STORAGE SYSTEM (ON-GRID AND
OFF-GRID)

III. SIMULATION RESULTS

‘When Homer Software analyzed the data of the simulated
area, the simulation results show that the hybrid renewable
energy system can produce 814 kW of electricity. By
considering the low-speed wind turbines with capacity 10
kW/tower, 17 units were chosen to design for installation in the
study area. The solar photovoltaic energy generation, design,
and installation in the study area is 644 kW, and the battery
energy storage system is a capacity of 1.5 MWh. Figure 5 shows
the obtained monthly power ratio of renewable energies and the
power grid, and Figure 6 shows the obtained monthly power
ratio of off-grid renewable energies.
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FIGURE V. OBTAINED MONTHLY POWER RATIO OF RENEWABLE ENERGIES AND POWER GRID
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FIGURE VI. OBTAINED MONTHLY POWER RATIO OF OFF-GRID RENEWABLE ENERGIES

The total cost of the On-Grid renewable energy system is
2,906,139 USD which is cheaper than the Off-Grid system. For
the Off-Grid system, there is the high cost of PV generation
system and the battery energy storage system. If not connected
to the power distribution system in the area, the Off-Grid system
must have cost a lot. On the other hand, the On-Grid renewable
energy system, 110,193 kWh is purchased from the distribution
system. The power produced from hybrid renewable energy,
933,575 kWh can be sold to the distribution system. A
comparison result is shown in Table 1.

TABLE L. INITIAL COST OF THE HYBRID RENEWABLE ENERGY SYSTEM

Hybrid renewable energy system
On-grid Off-grid
o 850,000 850,000
‘WT (Generic 10 kW) USD USD
. 1,932,000 | 1,931,398
PV (Generic flat plate) UsD UsD
BESS (Generic 100 1,050,000
kWh Li-Ion) - UsSD
124,139 84,972
System Converter USD )
Total cost of the 2,906,139 | 3,916,370
system UsD UsD

IV. CONCLUSION

The optimal design of hybrid renewable energy generation
sources integrating with the energy storage system in a case
study of the Nongplathao Park, Chaiyaphum Provincial
Administration Organization in Thailand was studied and was
simulated in this study by using Homer version 3.11.2. The
simulation results show the benefit of the two purposed systems.
The On-Grid renewable energies system can produce electricity
supplied to the load, and there is also sale electricity to the main
grid. The Off-Grid system used renewable energy sources
integrating with the energy storage system to generate electricity
supply to the selected area. Although, the Off-Grid system
shows higher installation costs when compared with the
On-Grid system. However, in the future, there is a tendency for
lower system equipment costs. This simulation can be used as a
case study to promote to other appropriate areas.
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