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Abstract

In this study, the concept of utilizing the low-temperature heat from solar energy
for power generation by a small-scale Organic Rankine Cycle system is proposed. The
system is mathematically modeled and simulated to evaluate an appropriate of solar
collectors and size of the thermal energy storage (TES) to produce the highest
electricity, and the lowest levelized cost of electricity (LCOE) of the power system.
The weather condition of Bangkok was taken as the input data of the simulation. The
system is analyzed by using three different capacities (20, 40, and 60 kWe) of the ORC
system with R-245fa in combination with solar water heating system (SWHS), using four
different models. Flat-plate, evacuated-tube, and compound parabolic concentrator
(CPQC) solar collectors were used to generate heat with optical efficiency of 0.74, 0.57,
0.72, overall heat transfer coefficient of 3.62, 0.75, 0.97 W/m2-K, and collector area of
2.08, 2.37, 2.61 m2 per unit, respectively. Each type of the collectors was connected
in parallel between 100 and 1200 units, and size of the TES between 2500 and 50000
litres. The results of the evaluation showed that the greater number of solar collectors
are the more electricity of the systems can generate. It can generate the highest
electricity of 97.02 MWh/Year, with the lowest of the LCOE of 0.999 USD/kWh when a
60 kWe of ORC power generation combined with 2000 units of solar collectors and the
TES of 42500 litres with initial investment of the collectors and the TES taken into
consideration. Moreover, in terms of the environment impact, as the same number of
solar collectors the system can reduce CO2 emission of 67.06 Ton CO2 eq./Year.

Keywords: Power generation, Solar collectors, Organic Rankine Cycle (ORC)
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Na991UuEIDng (Solar energy) fo1ndundanunaunu (Renewable) 8nUseian

& av v a < 1 1 < 1% (% a

nilanlasuanufisaduegrannlulsemelng lidastunisussyndldndsanuuaseniingly
5Uv03AUTOU (Thermal energy) nTen13Useenaldnasunasoinglugurvaslniln
(Electrical energy) \ilpsannasaunasoindidundanunlufitarunduy wazidundsnud
JufinstuFwnden Usewdlnaduussimanidnenmsadeindvingsdsin (Total solar
Radiation) Aoudn9gauszna 18 MJ/m’-day (NSUNAUINANIUNAUNULAZBUSNEYNF 91U

NITNTWNSNY, 2560) (Department of Alternative Energy Development and Efficiency
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of Ministry of Energy, 2017) wiog19lsAnuii efarsundneninsiferindvilnssdns

(Direct or beam solar radiation) wu31 Useinalneddnenmssdeniindviindednseroudng
fUsEanas 1350 — 1400 KWh/m2-year (Sonsaree et al., 2018) %alaimmzﬁ’umiﬂisqﬂﬂ%
Tunrsudalniinanndsnuanuseuanuase 1 induuusiunas (Concentrating solar power
(CSP) technology) \flesannimaluladsananaziinmududvmsefianuduyuniasiy
\Asugeansiiednenmdsdorfindviassdnssiinudng sderfindganin 1500 kwh/m?

year wiingalsinuanunsauszendlingrnuanuieuanuaseringluglveniiougumal
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mdsgaumgiiuunansiindalsandfusdeniinduuulsisiuuas (Non-concentrating solar
collectors) 1 fLAvssdoAinduuunEuSey (Flat-plate (FP) solar collectors), fatAusad
91induuuviedqyy1n1a (Evacuated-tube (ET) solar collectors), faiussdaniinguuuvio
mm%fawuﬁmiaqzyzywmﬂ (Heat pipe evacuated-tube (HPE) solar collectors), uag@ainu
Sede1nguuugUusenaunisiluan (Compound parabolic concentrating (CPC)s
collectors) 1@y nMsHARINTouRINNE I uLase1nd it elduluiinneds snans wie
uiinseatslssrugnamnssy Wudu Tudiuvesnisadaliiinanwdsauaudouain
La3017ne (Solar Thermal Energy) walulagnisudnlui191nTgdnsusefu (Oreanic

Rankine cycle (ORQ)) Wuindudnuilanaluladinmdslasuanudeniemndumaluladn

a1u1saUsrynaldnuniuunainIuTeunilgungini (Low-temperature heat source)
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NSANYIUITERAN fiK1uan Sonsaree et al., 2017 way Sonsaree et al.,, 2016 I
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Tssnugramnsauldsniunsindedeldfunsatuayuadiiunsfindaifuideniing
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(Small-scale organic Rankine cycle (SORC) power plant) (wanaanmil 1)
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3.4 szuundAnliidae T dnsusedu: ssuusdnliiindaeigdnsussAuiddanisudn
(1) vu1m 20 KW, §1uU 1 1a389 (SORC-), (2) 3u1n 20 KW, 81171 2 1A383 (SORC-I), (3)
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(n) Model: HR20W wu1n 20 kW, 194 (¥) Model: MB-70H au1®  60kW, U949
USE IHI (IHI Rotating Machinery USE KOBELCO (KOBELCO, 2017)
Engineering, 2017)
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Syderinduuuvieagyinia I@&Jszw%mmmmé‘mlwﬂﬂéﬁﬁmqﬁuLﬁaﬁwé’qmﬁmﬁmmﬂw
v093gdnsussPuivafidamananfiugedu
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wﬁmffw%auﬂaulﬁﬁmzwwﬁmiw%ﬁ’;ai’g%’ﬂﬂmﬁuﬁﬁﬁwé’qmimam 40 kW, (uu1e 20 KW,

$1UIU 2 1A309) SEUVITAINTaRAR TN LAYINAY 35.98, 43.68, WAy 43.01 MWh/Year

A o o&

pudwy nsdifiansanduusiderfindvdadeniu Wediiusdorfinduuuviogeyyinie
nanunFeudauliiuszuundalnina e TnsusaAuninIainIsuan 20 kw, (e 20 kw,
U 1 1ATD9), 40 kKW, (VU1R 20 kW, 916U 2 1AT949), 60 KW, (Fu1a 20 kW, 91U 3
LAIDY), kAT 60 kW, (V1R 60 kW, 31171 1 L1AS8Y) NUT STUUILEIUTONAANE 391NN
Ioiaiaaduviniu 20.78, 43.68, 66.09, uag 122.38 MWh/Year Audayu AMnil 5 WannTs
= = o a0 a v vy & 1A o w a
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150 T

EORC - 1ORC - [IETJORC - MI[JORC - 1V

125 —

100 N

75+ 1

50 J

Power output (MWh/Year)

25+ 1

1
FP HP CPC
Types of solar collectors

i 5 nadeuiisundenulninaanveusiag seuuinaala (MWh/Year)

4.2 msannsUanlaseinwasusulaeanlen (CO, emission)
dusunuidedimusenouamnsivesiigaisueulneenlenidayindu 0.497 kg
CO, eq./kWh EINNUULEUIBLATLAUNAN Y NTENTHNENY, 2560) (Energy Policy and

Planning office of Ministry of Energy, 2017) lagniursnldlunisawiamusununisannis
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Uanddesingarsuaulasenledvassruy lunisAuinauisadiidinanauiulsuiu
wasulniusayszuundals (MWh/Year) NansAn®ILARIRIRITIT 1 WU N15aANTT
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‘viaqzyapﬂmmémﬁfw%’auﬁauiﬁﬁ’mzwmﬁmiﬂﬁﬁaai’gﬁfﬂmsaﬁuﬁy’q 4 32U (SORC-I, SORC-
Il, SORC-III, WAz SORC-IV) flf&snswan 20, 40, 60, uaz 60 KW, WU S¥UUIZELTaaR
n1sUandasenigaisvaulaeanlen balyiniyu 11.39, 23.94, 36.22, way 67.06 Ton CO,
eq./Year AUd1AU
4.3 anaanulnimeniig (LCOE)
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' '
= =

Weananaldinesensaunsvesialiusideninduuusnussuiialdanefigniigaiues

Y

NIATIININALUlEIRAMNTTHLALIMNTIN UINURETIUAY yYAaIATIY

7 1 atuft 1 wa. 2562



Industrial Technology and Engineering

Pibulsongkram Rajabhat University Journal 87

A15199 1 wananasnulnin (MwWh/Year), nnsaanisUandasenieaisuaulaeanlan (Ton
CO, eq./Year), waaulniaenuae (USD/KWh) Ag1uiudiiusideing (uwne) Laguuin

95U (Bng) NANumLNzaNYaasUURas LN

FP-SORC
I Il Il v
Power (MWh/Year) 16.79 35.98 53.96 97.02
Solar collectors (Units) 570 1150 1740 2000
Size of the TES--1 5000 7500 10000 42500
CO, Emission 9.20 19.72 29.57 53.17
LCOE 1.493 1.208 1.346 0.999
ET-SORC
I Il 1l \Y
Power (MWh/Year) 20.78 43.68 66.09 122.38
Solar collectors (Units) 470 930 1410 1930
Size of the TES--1 2500 2500 7500 50000
CO, Emission 11.39 2394 36.22 67.06
LCOE 1.531 1.321 1.361 1.059
CPC-SORC
I Il 1 v
Power (MWh/Year) 20.95 43.01 66.09 121.72
Solar collectors (Units) 420 830 1410 1700
Size of the TES--1 2500 2500 7500 50000
CO, Emission 11.48 23.57 36.22 66.70
LCOE 1.566 1.366 1.509 1.074

wonAninafilaanmsAnwdelagnirluiSeuiisudussvundaluiuuusiy
Wee17ng (CSP technology) wagszuukanlwiianwaauai9ing (Solar photovoltaic)
Jarnadanulninmeniiesening 0.20 89 0.35 USD/KWh wag 0.14 94 0.47 USD/kWh
o = Y & 1 1 (v} 1 1 a v}
ANUAINU HANISANBILAAIIALIAUINAINAIUINA o nUI8vDITEUURAR NI NNA 991U

Aanusoulaseinglaeininsussuvuinandiliassinnuiiauls iesnama ey
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TnihsiemiiendAreudiegs dsulueuandisaveanaluladiivwilduanas Ysenaufiy
aasglabinisatduayuaildagludiuvesdiniussdensing vioudnssnsszuundnli
medninsusedu ssuundalnihannduanuieuainuasenfingluglvesaamging Ay

WnANULaulaungety

5. @yunauazn1saiuena
5.1 szuundalniidendanunuseuanLate1inglagdgansussAusuiaan

(Small-scale SORC power plant) axnsaagthunussendienaanasuluiily namme

5]

v & v A a 5 = PN A Pl v 1 1 o o @
5.2 G]’JLﬂUiQﬁ’eJ’WlG]EJVILW&JWSﬁNWEj@VIﬁQNﬂiﬂﬂﬂ?Wﬁﬁﬁ’]UiWﬁ?ﬁ@%ﬂ’lEJG]’W]?!G] 9 FILNU

Sfeniinduuuwinssulagysinanisannisantaesfitvasueulaeenledtuiziuey

Ede

Usinallwihfiszuusdnld Tnoszuusanlwiileldsufvsdefinduuuvieaqayiniandmii
YoutauliAuTpdnsuseAunimanisndn 60 kW, 117U 1 1A3ed awausnrisannis
Uasaosfnsmiueulaoonludligeiian ilesszuuannsandnlninligedian

5.3 leszuuldfunsatuayuivamuluinsdu dufuidedind was/mie svuu

wanlisaeindnsussfuagyilvssuulianutiauls wasuiaw gy

6. NAANIsUUITZNA
vovauAMaIvLnalulagana mnIsy Iy ennalulagIMINTTUAT 0INa AN

wAlulaggnamnssy W ine1desigiyaaens s dmsvanuininnuidy
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