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BANDIT CHANSAWANG : DESIGN OF SLOPED SOLAR CHIMNEY
POWER PLANT POWERED BY INDUSTRIAL WASTE HEAT. THESIS

ADVISOR : ASST. PROF. ATIT KOONSRISUK, Ph.D., 54 PP.

SOLAR CHIMNEY POWER PLANT/ SLOPED COLLECTOR/ SOLAR ENERGY/

WASTE HEAT RECOVERY/ DIVERGENT CHIMNEY

The solar chimney power plant (SCPP) generates electricity through the use of
solar thermal power. Solar energy is trapped using a solar collector. Due to the
buoyancy effect, the heated air flows up a chimney in the center of the solar collector.
The kinetic energy in the flowing air is converted into electrical energy using a turbo-
generator installed at the chimney base. Generally, the chimney of SCPPs proposed is
about 1 km high. The construction of these tall chimneys is very challenging and the
construction cost is enormous. The sloped solar chimney power plant (SSCPP) is a
variation of the SCPP. One of the SSCPP’s prominent feature is that its collector is
sloped, and then its chimney can be shorter than that of the SCPP. This leads to a lower
investment cost of SSCPPs compared with that of SCPPs. Also, previous studies show
that the industrial waste heat potential of Thailand is considerable and should be
investigated. As a result, this study developed a mathematical model for designing a
sloped solar chimney power plant powered by industrial waste heat (SSCPP-WH).
The model was justified by validation using experimental data. Then the
geometrical dimensions of an SSCPP that has the lowest levelized cost of
electricity (LCOE). It was found that the LCOE is about 0.075 USD/kWh and the
payback period is about 5 years for an SSCPP-WH with a collector area of 49,000 m?,

chimney height of 45m, AR43 of 3, AR12 of 14 and waste heat of 10 MW. It was also



found that the payback period of SSCPP with no supplied waste heat is lower than
that of some SSCPP-WHs. This is due to an additional investment cost for the heat
exchanger installed and for relatively larger plant to compensate the pressure drop
across the heat exchanger. To make sure that the payback period for the SSCPP-WH
is faster than that of SSCPP with no waste heat, a ratio of the supplied waste heat to
the absorbed solar energy of the SSCPP-WH must be greater than 0.34. It should be
emphasized that using a divergent chimney can decrease the LCOE and payback
period significantly compared with using a constant-diameter chimney. The results
reveal that the LCOE and payback period of a plant with a divergent chimney are
about 50% and 60%, respectively, of those of a plant with a constant-diameter
chimney. Furthermore, it was found that the optimum ground slope depends on the

magnitude of waste heat supplied.
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A = annually, flow area (m’)
A, = roof area (m’)
ARI2 = ratio of the collector inlet area to the collector outlet area
AR43 = ratio of the chimney outlet area to the chimney inlet area
C = cost (USD), cost per unit (USD/unit)
c, = specific heat capacity at constant pressure (J/kg K)
D = diameter (m)
g = gravitational acceleration (m/ sz)
h = heat transfer coefficient (W/mzK), height (m)
I = solar irradiation (W/m’)
k = thermal conductivity (W/mK)
L = collector length (m)
m = mass flow rate, kg/s
Nu . Nusselt number
p = pressure (Pa)
P 5 Present value
q" = available heat (W/m")
0 = industrial waste heat (MW)
R = ideal gas constant (J/kg K)
Ra = Rayleigh number
7 = radius (m), collector length (m)
S = absorbed solar radiation (W/mz)
T = absolute temperature (K)

thickness (m)

N
Il

U = heat transfer coefficient (W/m’K)
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vV = velocity (m/s)
V\./ext = power extracted by turbine (W)
Greek symbols
o = absorptivity, thermal diffusivity
i3 = sloped angle, expansion coefficient (1/K)
e = emittance
S = declination angle
i = efficiency
@ = latitude
P = density (kg/m’)
o = ground reflectance
r = transmissivity
v = kinematic viscosity (mz/ s)
W = sunset angle
¥ = specific heat ratio
Subscripts
1 = position at collector inlet
2 = position at collector outlet
3 = position at chimney inlet
4 = position at chimney outlet
b = bottom, beam radiation
chi = chimney
coll = collector
d = diffuse radiation
f = fluid
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Parameter Kasaeian ef al. (2011) | Zhou et al. (2007)

Chimney height (m) 12 8
Chimney diameter (m) 0.25 0.3
Sunroof diameter (m) 10 10
Sunroof entrance height (m) 0.15 0.05
Height of collector (m) 1 0.8
Maximum temperature difference between the

26 24.1
collector outlet and the ambient (°C)
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gﬂﬁ 2.2 99A1/5ENO VDT hybrid solar-chimney-cooling-tower (Zou et al., 2015)

A1319N 2.2 MITeUMNeUTLHINNUINGYDY Zandian ef al. (2013) N1 Zou et al. (2015)

Parameter Zandian et al. (2013) Zou et al. (2015)
Ambient air temperature (°C) 22 25 30
Chimney height (m) 200 200 200
Chimney diameter (m) 50 50 50
Sunroof diameter (m) 240 240 240
Sunroof entrance height (m) 9.5 9.5 9.5
Distance between collector and radiator (m) 20 20 20
Turbine elevation above the ground (m) 15 15 15
Solar radiation (W/mz) 600 600 600
Water inlet temperature(°C) 60-64 60 60
Turbine power output (MW) 3 1.1 0.9
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o a ¢
3.1 UUUD1ADIAUAFTITA T

, .
311 unsaman)asunnieu
PN ~ a ~ 4 A Y
eIzl 1.1 guugiivesemaiieonainglnssinani/asuanuiou

Y
U

NI LAA IRl

T, =T, +—— G.1)
mc

A A [ 1 9 4 = 9 [ ~ [
e 0 nNo ﬂﬂﬁ?ﬂTiﬂ1ﬂLﬂﬂ?1Ni@u%1ﬂQﬂﬂiﬂlLLﬁﬂLﬂaﬂuﬂﬁWNiﬂuq@WﬂWﬁfluh”ial?ﬂu uae
o Y o 1 9 [ o t4 A 9 @
ﬂﬂ’iuﬂGI,WG]WLL’VIHQVHQWTHQQ@W?ULM@ (ﬂNfJfJﬂQTJﬂ‘ileﬁﬂ!ﬂﬁt’Juﬂ'J']JJ'i’E)“L!) NNDONHANA
FULAA N19OBAVBININUAN LAz N1NBONaDI AB subscripts *17, 2, 3’ LAY “4° MUAIAD
A =
N300 INIUN 2.1
A ] 4 =y 9y a =S [ [ gj
LiJfJ’Eﬂﬂ'lﬁll?TaNTIJQ’IJﬂﬁllllﬁﬂL‘]JﬁfJ‘L!ﬂ'J']iJﬁfJu%ZLﬂﬂﬂWiqmulﬁfJﬂ'ﬂiJﬂu ANUU

v Y
ANUAUYDIDINAMILHUIN 1 a1115aA 118 1dA3H (Zou and He, 2015)

1
p,=p,—K Epavi 3.2)

A A o a £ a o s A Y Yy a
o K Ao ’dllﬂ53T;T‘I/]‘ﬁﬂﬁ’ejmulﬁﬂﬂ31Mﬂuﬂlﬂﬁqﬂﬂimuaﬂ!ﬂﬁEJUﬂ’Hlliﬁluiﬂﬂ@NfJQﬂJTmﬂ Zou

2 d o A 9
and He (2015) Sailugilnssitanilasuniusounny fin tube
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(Y4

= A da v a A
3.1.2 JaAINNNASNUNAIVHUN DN
9 A @ = a o a 3| 1 o A a s 1
GIJ’t’)gﬁLﬂﬂ?ﬂﬂﬂﬁﬂﬁﬂ?\i@Wﬂ@lﬂﬂlﬂﬂQ‘N‘1Ji8L°VI?TL‘]Juﬂﬁﬂﬁﬂ’N’ﬂTﬂ@ﬂﬂuWﬁﬂUu
Y

a 1 Av AA = @ [ =< 9 = o A Y (v Vo oaa 1 a
A5 BRI TNIFBIMaINITULAR @0l UUI 09N 1¥USUASIaNuNaIuuEI51Y
I LY { ] a o 4
WumMS@NUNaIUUADe9 A9l (Duffie and Beckman, 2013)
v A oA ' a Y .o .
$9802901Ma 8N a9 UA2510152n 0D 11/A28 beam radiation Hay diffuse

[

.. &
radiation ANU

e =1, +1, (3.3)

hor

Tuagiuueaseanunadvui1deal)sznon 1@ 28 beam radiation, diffuse

[

Y
radiation 1@ reflect radiation 993
o=l + 1+ 1, (3.4)

W 1, 1, uag 1, aansadiuan lann

lep = 1Ry 3.5)
g =14Ry 3.6)
It,r = pg I hor Rr (37)

F¥931002100AV0INITAIUINW 7, 1Az 1, 131500 1@ 11 Duffie and Beckman (2013) tiaz i

@ 1 1 o A A oA ] { = 1 o a oA 1
R, RO R, ﬁ’é) ’E']G]’i?fff’Ju‘33ﬂ’JNNﬁﬂ’NﬁlWWIEJ‘V]L!N’ﬁQ‘UuﬁuLﬁ]EJW]fJi\‘lﬁﬂ’J\‘i@Wﬂ@lﬂﬁllNﬁ\‘mu

[

dy ] o Y dy
WHITY “ﬁﬂﬁWN’liﬂﬂ’lu’)ﬂ!ulﬂ JU

R - cos(p — f)coso cosw +sin(p — F)sin & (3.8)
° COS@COSS COS @ + Sin wsin &
Rd = M (3.9)

2
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_1-cosp

RI’
2

(3.10)

A = Ay a v d‘ A . . a a
Tag f Ao YuDEIVDINUANAIFUN 235, ¢ 1Az @ A9 declination angle AZAYAVD I
152 1ag hour angle MUAIAL UAIAIAIT19N 3.1

Wounuaunsn (3.5 —G.7) adluaunisn 3.4) vz ldaunsnlslunisg

[

i Y
AUIUHIATITNUNAIUUAID YA

l1+cosp

1-cos
It :(Ihor _Id)Rb +Id ?-i_pglhorﬁ

2

(3.11)

Y g A 'y = =2 g
"lﬂﬂ"])"ﬂﬁ'llﬂWielﬂ\T@ulllﬂL!,‘VlLlﬂ"lellﬂiajlaﬁﬂ"IWi’ﬂﬂ"lﬁ@1il§ni'NVI 3.1 “]Nl,ﬂuﬂ'lﬁ
o Y Y [ 1 I o o v A A oA ] &} =
ﬂ'l’ﬂuﬂi‘ﬂﬂ]@gﬁﬁ'ﬂ"I‘W'E]1ﬂ1ﬁﬂ\‘]ﬂﬁ"l')lﬂHG]’JL!,‘VIHGlUﬂWiVI"ILﬂEJiQﬁﬂ’N@'WW]EJT]LLNﬁ\T]J‘Ll‘WH!'E]fJ\‘]

=~ 2~ 1o oA A da 1 & ° a v A 7
Lﬂaﬂmaaﬂﬂ\iﬂ Iﬂ&lﬂﬁﬁﬁﬂ’Nm“ﬂﬁfJ‘V]LLINﬁQ‘U‘L!W‘LlﬁU (Ih )ﬂ?ﬂﬂmﬂ1ﬂﬂiu1miﬂaﬂﬂﬂ1ﬂﬁﬂ

v H '
Aa0ANIYRITIHIAUATTIIw L Hazymamas Taemvua liinar lunsyinau 2020 52 Tue
anll (8 ¥ lueaedu) Woudaumsn (33) - (3.11) wldarsednannsenuuunainniiyu
= J 1 o 1 [ [ =) (2 d' 1 v A a I d' ﬁ'
8IN1A) (1) 11T VIIHIAUATIFANIAITUN 3.1 nUNTIFAWMAdUAININNgA oYY

a A S Y A v a a
meammmmﬂﬂammﬂuamgﬂmmguﬂizmﬁ



A1519% 3.1 Yoyadn e INel ez AU aNTAYDITag (Huang et al., 2017)

Parameter Value

Solar radiation on horizontal surface, 1,,, (W/m’)

L o 622.92
(ﬂillW@JuTWa\‘1QWHTI@LW]HLLEI&E)H?WHWEN\NH, 2553)
Ambient temperature, 7, (K) (ﬁwﬁﬂqmuiﬂu 1YUASLINY
WA NTENTNNALNY, 2559) 0!
Declination angle, 5 (degree) 0
Latitude, ¢ (degree) 14.97
Hour angle, @ (degree) -45
Ground reflectance, p, 0.2
Absorptivity of glass, o, 0.04
Transmissivity of glass, 7, 0.92
Absorptivity of soil, 0.8
Emittance of glass 0.9
Emittance of soil 0.8
Density of glass (kg/m’) 2700
Density of soil (kg/m’) 1900
Specific heat of glass (J/kgK) 840
Specific heat of soil (J/kgK) 2200
Thermal conductivity of glass (W/mK) 0.78
Thermal conductivity of soil (W/mK) 1.83
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[

d’ dL!' (% Ad'd = ! ' (] [ [ =
Eﬂ‘ﬂ 3.1 INANANNIENUVUUNRAIANUYUIDYINTIAIN (]t) TAUITUWHIAUATIIBEAU

3.1.3  vasmsuuan

a9 o

Aa o $ a o’d‘ Y 1 1 ]
nudsenaauuiassnaiamaasineinu s iinlaesauuan daulng

o 9 a a Y] [ I 1 ~ [ Aa o dy Y 9 o
dzmrualilszansanvasnisuuaailua1nan uaauIetuasIn1Tas 19U VI0 09
atlamaas dmsuinuedszaninnnainiTuuaa $z liunuiiaselianuanasanin

P4 '
EN“]dle miﬁ%ﬁm‘uuﬁ’m'mzwmimm’;m%”euﬁwmm%’mmﬂhlﬁ'sumﬂmqammfuazmm

D.

'
= % [

iﬂuﬂﬁﬁﬁﬂﬁﬂuﬂﬂ’gﬂglaﬂ

A3

9 ~ [ Y a I3 A Vo A 1 j’ = [ ~
ﬂ’ﬂili@uﬂﬁﬂdﬂﬂﬂ’iﬂmﬂﬂflﬂﬂ1‘I/l@]ﬂﬂﬂ@ﬂ"IiQﬁVILLNﬁQDuW‘LJL?)ENﬂQE‘]JVI 3.1

o

g’J o { o ! o 4 4 4 g a . 1 4 1
iﬂﬂl.!uiﬂaﬂ\i!ﬁEJ’Jﬂ”LIﬂ15ﬂ18L‘1/lﬂ3111%)i’JLlﬁWﬂSUﬂﬁQﬂTiﬂLLﬂﬂLLﬁ%Wuﬂu “’]:);Qﬂﬁ\iaﬁﬂﬂﬂﬂ“]fﬂ

U U

&' a v o j’ a Aa o 9 o 1 1 [ dy
TagnuAInassvuaataznuiauauIn Iaelsiuudiaesed1aagndil (Huang, 2017)
Sc=al, (3.12)

S, =(‘L'C05p)|t (3.13)
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]
[ o

4 v g a o w 1 R
Lﬁﬂ S, and Sp ﬁﬁ) 59aNgnaadu lasnasnasNuaY A a1y AINITANYEY

U G

a J

[ a ' [ % ' v g a v {
sﬁrmmm@ffuazmmmaﬂﬁ’mﬁmmmwﬂmumawmﬂmazwuﬂuuﬁmmmiwﬁ 3.1

7Y
4{@}

Ground

Air Flow

319 3.2 LHUA UM ANYANNNTOUVBINAINT AR

{ 9 v o 4 a
qﬁlﬂﬁ 3.2 ﬁmmum‘wuazmian@ammmummWaﬁmiuuﬂﬂ LﬁﬂWﬂ15m1ﬂ$

laaumsaugannuioudmsunan Ao
S +U (T, -T,)+h (T, =T,)+h (T, -T,)=0 (3.14)
Y 9 @ g a A
aumsauganNuToUdIMSUNUAY Ao
S, +U, (T, -T,)+h, (T, —T,) +h (T, =T,)=0 (3.15)

v Y
tazaNuFounszuuasa 1 ldauia laaail

h.(T.-T)+h,(T,-T;)=q" (3.16)
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T, = (3.17)

[

< A U v o 1
ﬁllﬂﬁSﬁ'ﬂ‘ﬁﬂ15ﬂ18l1/]ﬂ’3”|3J%}6ulﬁﬁ@ﬁﬁﬂﬂ"ﬁULLﬂﬂﬁ"liJ”liﬂﬂ?M’Jmllﬁgf a1l

(Pasumarthi and Sherif, 1998)
U, =28+ (3.18)

A A < a
o Veae ﬂ')']iJLﬁ'Jﬁ‘JJ‘U@QQ‘JJ?Jﬁ&V]T’T

v
A a o

< 1 1 % QU
ﬁllﬂﬁ%ﬁ‘ﬂ‘ﬁﬂTﬁﬂ?ﬂW]ﬂ31%%6“3$ﬁ31ﬂﬁﬁ@ﬂ?ﬂﬂwuﬂu mmm'lﬁ’%m

(Pasumarthi and Sherif, 1998)

o o(T} +Tp2)(Tc +T,)

i_}_i_l

£ &,

(3.19)

[

g f o [ [ o 1
dudlsz@nsnismemanuiounnuainigeimalanasnidiuim ldad

(Pasumarthi and Sherif, 1998)

5 Nu_k
= (3.20)
L
Lﬁ"ﬂ)
1

Nu, =0.14(Ra,)? (3.21)

tae
-T)L
Ra, = 9o TIL (3.22)

va
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o a £ 1 9 S{ a Y o 1 Y o o Y
ﬁuﬂigﬁ’“VIﬁfﬂiE]18“/]ﬂ’JﬁJiﬁluiﬂﬂ‘W‘Llﬂu1@]1’[@QﬂWgB1ﬂ1ﬁ1ﬁﬁaQﬂ1ﬂ1u’Jm1ﬂ

[

@41 (Pasumarthi and Sherif, 1998)

h, = E (3.23)
A
1o
1
— 3
Nu, = 0.15(Ra,) (3.24)
wag
3
gp(T, -T,)L
Rap :A
va
(3.25)
duilsz@nsmsaremanuiouniniuauldvdiniasgan (Bemardes ef al.,
A
2003) AD
2b
u, =2 (3.26)

Jit

d‘ =) Y
e b=/koc, wag rAoarlusouiu
drrsunssiasunenulassanuaauuuraintdedaz guuuTiao e

v H 9y
Koonsrisuk (2013) B9v1118A1NAY Haggmnigil @i 1 uag 2 gl

1 m2(1 1 mq” §dA,
I T T 11 ) I S I I ol (3.27)
P, =P, > (o1 + P2) 9N 2, [Azz Ain pic,T, _!‘ A2
-2 "
T, =T, - m i ( 12 _ 12j_ ghgy + q .Acoll (3.28)
2c,p0 \ A, A Co me,
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TagilszansmunaInTuLaa eI uauiIve 3.1.6.

3.1.4  Junction box
Tuns@iven13911 Validation Yoyyad115Un15%1 Validation ¥1910WAN1S
) [ d‘ (=) a gi v w A‘ o a [ gﬂ
naaoed sy SSCPP M lilinsAananadumeduiianszue lWih (Kalash e al., 2013) a1y

v o VoA = Y . . o 2 o Yo g
ANUAUAULYIUIN 3 ﬂ\ﬂﬂf Bernoulli's Equation Glumimmfﬂﬂﬂmmmﬂmﬁmgﬂ%mu

2

L m’ J (3.29)

s = D~ (2 + p3)ghis - -
3 275 P2 1 P3)GMNy3 2p. A2 2p, A2

' Y
uazgurgiveseimadmiian 3 s lagldaunsaugandsnuamsataglldasi

- T+
mcp(Tz—TS)zujAj(%—TaJ (3.30)

a

o U, = U, uazfmuald (T, +T,)/2 fio guwigilfidIved Junction box

v
a v =

1 < { ° { [ o o a
f’)fﬂ\iulﬁﬂ@ﬂll oluﬁma fJﬁ mamtﬁﬂmu SSCPP ﬂﬁﬂ?ﬁﬂﬂ?ﬁﬂﬁ@]ﬂluﬁlﬂ 500 kW

A o

nsienNuauazgu g Id1ruen 3 39 lFaun1sfiniuni1smh Validation u1udalu

Y
=

UIUD9 Koonsrisuk (2013) A9

W, =————(p, - Py) (3.31)

T; =T2[&j ' (3.32)



20

3.1.5 1aes

HAANAMNAULAZQUUAN TEHINAILHIINIEN DN 9o nldesaIuIso

[

M ldaatl (Koonsrisuk and Chitsomboon, 2013)

1 mY(1 1
P, =P, +§('03 +p,)9hy,; + )\ (3.33)
Lﬁ’f]
g :
p4 = pa 1_Cp7-ra(hchi + hroof,z + hcoll) (3-34)
m> (1 1 g
T,=T.-— | — —— |2 335
i o

1 o [ [ 4 a
Tﬂﬂmmﬂumuu@mmmmm ﬂ"m15ﬂﬁ11ﬁ%’]ﬂﬂaﬂl@ﬂﬂ’l“ﬁ@ﬂﬂﬂ@]

P, = RLTll (3.36)
p, = Rp—TZZ (337)
Py = Rp—i (3.38)
Py = Rp_'lz{, (3.39)

3.1.6 UszansmnnasmSunaanazlssansmnuesssuy

[

Y
a a @ o o Y
‘]Jﬁgaﬂﬁﬂ'lWWﬁ\‘lﬂ'li‘]JLlﬂﬂﬁ'lll']iflﬂ'lu?mvlﬂ \iﬁ
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7700” = (340)

[

Y
ﬂszammwmmm%’@ummiwummmﬁwmm'lsff il

W
Msystem = = (3.41)
It'Ah)II + Q

= o
3.2 35Ms21a09
= < ° A , % Y =
TumisenuivzdunistiasunoriuuInialunisannugalass WsouNnIAny,
Aa A % [ [ o < [EYAR= a o 1 dy =
aNTNaVIA ALY TA199) @IULTNVDINITIAD AT UMTHIATITANDINATNUNAIVUNUIDYY
9 A 1 [ ~ [ dy a Yo v A a o
Tagldaunisn (3.3) — 3.11) vazmiamnasnunvanvaznuau lasuansaaalsernad lag
] Y '
IFeun15h (3.12) 1ag (3.13) MUAIAY BANATULAAUATN (3.1), (3.2), (3.14), (3.15), (3.16),
(3.27), (3.28), (3.31), (3.32), (3.33), (3.35), (3.36), (3.37), (3.38) t1az (3.39) Iag 1475 Newton —
Raph hod Fafisanalsii liinswade T T T T
aphson metho Pi, 11, O1. Pos Vo, P2y Pas 1y, P35 14,
Py T T, mouag g womvuald W, =500 kW Tao flowchart ¥99052UIUNITT1A0
[ d’ o Qld' o A [ [ = Y]
uaaenagli 3.3 waziassnelaiou lvanmeinisvesdunoiios saniauaswdu a9
d' dy o d‘ = a a @ 1 d‘l 1 1
A15199 3.1 wennl TumsiiasuiaANYIBNTNAVDIAITA 19 NaINaneANNgI)ana
o o 9 o w Yo Y y = v A g‘/
dnsuadramas i 500 kw 18mnuall ceometry baseline HU11AAIAIT199 3.2 HAZMTA

1 U d‘ o 1 =) g’/ 1 3 d'
ﬂW]’JLL“l]iE]‘L!‘]1Uﬂ1§%1€1flﬁllﬂﬁ$ﬂimﬁ\iﬂ1@\1ﬁ1‘i1\1ﬂ 33

= &’ 9 2 =2 dy
AT NN 3.2 EﬂﬂiﬂWHiTuﬁTﬁiUﬂﬁﬂﬂBTu

Parameter value
Collector area (m’) 40,000
Chimney diameter (m) 20
Collector angle (degree) 45
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=
!

Choose 1., T,. p,. p,.Acon,

A, A, A, A, p.O. W, =500
kW, i -2000

v

Caleculate [/, using Eq.(3.1)—(3.11)

Calculate S, using Eq.(3.12)
Calculate S.n using Eq.(3.13)

-
-

Calculate m, p,. 1, p.p.. L. po. pys T,

s T. py. T, T,and g" using Eq. (3.1),
(3.2). (3.14). (3.15). (3.16). (3.27). (3.28)
)

L]

(3.31), (3.32),(3.33),(3.35),(3.36),(3.37),
(3.38)and (3.3

O

i=i—1

r

W oi@hyy=ic1 < 500 kW
:’\nd

Ix?iﬁ'f—.’r't]hl._;"- =i =500 kW

MNo

1 9
311 3.3 Flowchart Y939 Ua0 U910



Q13199 3.3 e ulsdmsunstiaouaaziinde luuni 4

ARI2
Acall D chi ﬂ hcol/ Wext
Section SSCPP- | AR43 R
SSCPP (m) | (m) |Wegree) | (m) | (kW)
WH
4.1 Model
0.71 - 1 1293 | 0.31 | 30.9 9 -
validation
4.2 Performance characteristic of SSCPP and SSCPP-WH
4.2.1 Effects of
1 40,000 | 20 45 y 500
ARI2
4.2.2 Effects of
2 14 1 X 20 45 y 500
Acoll
4.2.3 Effects of
2 14 1 40,000 X 45 y 500
Dchi
4.2.4 Effects of g 2 14 1 40,000 | 20 X y 500
4.3 MINATIEN
- . 2 14 1 X 20 45 y 500
L"]Nlﬂiielﬁﬁ”l?f@]i
13N [2MFEN]
4.4 Effect of AR43 - 14 X 4 20 45 4 y
Nn4.4 Nn4.4
4.5 Sensitivity
analysis of
- 14 3 26,200 20 45 283 1,321
discount rate and
inflation rate
A
4.6 3282014
NUNIUNLNIAA
aldneneny - 14 3 26200 20 | 45 | 283 | 1321
9 j’ =
NI ITNNULD Y
ERITEY

Note: x is independent variable and y is dependent variable

23



UN 4

wamsdlaeaazmsenilse

4.1. Model validation
v 9 g I o . . ~ v aw
Tusivo Uil un15 11 validation NeVNVNANITNADDI9INITUIVBUDI Kalash ef al.
K o A A . o A Y4 =2 g
(2013) %9311N13NAADIN1UDQ Damascus UTLNA Syria &1 TUN 15 NUAWUT W.e1. 2555 B3] 1
a o A o = S A Aa ~ o
ganuveIllszma TagdulsnimsnfSeumennae gun)ivo0IMANDDNIINUAINT
% < 1 o 1 o a 14
$UUAA LAZANUGIVBIDIMANIID1UaDe HAN1T111 validation WU LUV IA0IAAAFNAAS N
ANuARIAAABUIINKANITNAABITZIM 10% taaenaglil 4.1 Fannuaaramdoueslana
o 9 <3 a ~ 25 A ~ <3 9
nnlumsiasslyanuiianvesgilsemamasaaoanuasu vaznnanisnaaeuiluisya

[

N7A939 & NAININNTNAADI

45 ——T, Experiment | ©
40 B T, Simulation
O | R\ Ve ) v, Experiment - 5 —
2 35 A v, Simulation g
= 30 4z
2 E
£ 25 3
2 3 =
8 20 |y /S % -5
= >
2 15 2 2
£ 10 / -
2 / 10
3 5| g
0 ! 0
7:12 9:36 12:00 14:24 16:48 19:12

Time (h)

A ~ a A 1% [ < =1 J
sUn 4.1 ﬂmiﬁaumﬂuqmwgumm?m@aﬂmﬂwaqmﬁmmmsazmmmau‘ngmﬂam

Y

FEHINNANMITIA0INUTaYAINNTNAADA



25

4.2 Performance characteristic of SSCPP and SSCPP-WH

4.2.1 Effects of ARI2
v 9 dyr:s’ = a A A 1% ' ' ,j' A Y
ludetitlunisanyioninavesmaasunlasdanaiussnienun win
aanis lafimud1aenisuuan Ao N190oNHAINITILAA (ARI2) naAIasgld 4.2 Tag
o Y = J 9 ] o 1 &‘ d' [ [ = Y] d'
Muua 1 Yyudeaue Ny [durugUIna19aos LagNUNHAIAISVLAATIAIAINTT 1N 3.2
' A a0 A2 9 (1 A 2 X A
WU 10 ARI2 UAUNWUY SSCPP (Q = 0 MW) 9z 14)apanlinnuguiniu uazilie AR12
' o 9 ' 3}1 ~ a ~ o o A a
MY 2 szuvegls)assdunga nannmsga@eanuaudwiioannmsnlasuuilas
i} A Y o @ oA X ~ ] 3 o @ [l
Wuiniddanis Tvadanauf 3 dewa vesaunisi (3.27) e1alsnaiy 15y sscpp i
9 9 d‘ o L% 1 1 Y A o 9
annsalda ARI12 = 118 iloannnmsmmuamainansgadwald m Iagann Ml 7,- 7,

1A1AAaY (Koonsrisuk, 2012) TuaIuve9 SSCPP-WH (Q = 5, 7.5 uag 10 MW) 3¢ 14 avaiil

¥ v
=

& Y~ & Y o 9 X o q9 3 o
ﬂ'ﬂiJQ’\‘laﬂﬂQ L‘L!E)\‘]iﬂﬂTHQLGUHJ‘WLl‘VIWHW@@]ﬂ’JNﬂJHﬂWi‘Viﬂ’NNLTJﬂJE]\TE]'lﬂ1ﬁﬁﬂﬁ\1 ANUAU
A A 4 ~ Y 2L A l?x’/ =\ 9 1
f:.filluLﬁﬂﬂQﬂﬂimlLﬁﬂlﬂﬂEJ‘L!ﬂ’JHJii’Ju‘"l]\“lllﬂ"lﬁﬂaﬂ Lm“l/lﬂﬁfz)\‘]ﬂi’éui3‘]J1J“’l]$1°]fﬂ’)131q\1ﬂﬁ@\1
[ 9 A A = g)/ [ 45! [ (91’.1 v 9 o = 9
ADUVNWAINLUD AR12 UA193LLA 14 6U‘L!ll‘]J ANUU luﬂlﬂl@ﬂﬂ]‘lﬂ SSCPP ttae SSCPP-WH i]\iel,“]f

A1 ARI2 (N0 2 1Ay 14 auaIni

400
350 —e—Q=0MW
300 ----Q=5MW
= 250 -4-Q=75MW
e
£ 200 - A--Q=10 MW
s
<
£ 150 . e SIC
2 - A“A..A Tl -—0--0--0
A A - A A a--a.-a
50
0

AR12

{ Y] v 1 [ o ) [ { Yo 9 ay [
g‘ﬂﬁ 4.2 mmﬁuwu‘ﬁizmwmmqaﬂam U AR12 mmmzuuﬁ"lmummmummmq 9
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4.2.2 Effects of A

coll

v Y t:al’ I = a a ds’ A 1% o o A
Turve il unsAnEIBNTNAVRINUNaIAI5VLAA Llﬁﬂ\iﬂ\‘lgﬂﬂ 4.3
o 9 = j’ Y 1 4 ' AV v ~
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Glass (m’) 40,000
Solar collector Steel (kg) 724,000
Reinforced concrete (m3) 1,317.5

Chimney Reinforced concrete (m’) 3,329
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Subject/Component Prices Unit
Glass 0.482 USD/m’
Steel 0.558 USD/kg
Reinforced concrete 133 USD/m’
PCU 600 USD/kW
Heat exchanger 0.0279Q + 40.945 USD

A15199 4.3 51150 d MU IMW SSCPP 110 £, = 174 m, 4, = 40,000 m’, B = 45 degree,

coll

D,,=20m, 0 =0MW 1oz ARI2 =2,

Subject Component Cost (USD)
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Reinforced concrete 175,230
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Construction 149,630
Transportation 29,925
Total 778,060
Reinforced concrete 442,760
Foundation 77,483
Stiffener 33,207
Chimney Construction 553,450
Hoising 221,380
Transportation 27,672
Total 1,356,000
PCU 300,000
Total 2,434,060
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wasnu lihanaaldaaetlveelse i Tasarldnremenuaiduiunsuazagouiiigg

AaoA1g1n5ans 25 U Audalaaail (Fluri ef al., 2009)
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