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= 9 AZY A AHE YUl ow JAE AlgslE FxET A 2]

2 AMRH A4S th5- 7 2T} [wr power (intensive), h: <1Ed]].
Weurbine = "isen(hi - ho,s) (24)
hi — ho’s
Wcompressor &pump — — (25)
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oM el A= vl 7] darelFellA ALk ojgfgh ghellA, shr] 4] (27) WA A (29)9
)

mE} Ak Alo]E (top), Bt Aol (bottom; bot
power (extensive), n’ @ & & &% vyp: ZF FIZ [HV: AY FgeF].
N g2 HHVE2 —Wyp (27)

Ntop =
op Qinput,top

n _ Wturbine - M/;:ompressor - WCH4 - WOZ (28)
bot — !
Qinput.pot + M cualHVipy

!
n HZHHVHZ + Wturbine - [/Vcompressor - WCH4 - W02 -

Wop
(29)
Qinput,top + n’CH4LHVCH4

Nsystem =

37 & 12 " vpiwigel WHeE JERU, x Abde 948 wiiidass
Yeldlz] el A'EATt. sl de FHE2 Aldel dig Alav o AdES
Z0A ddoziEe & gEHd AT HYE A= 1,000 WWE F-7]
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¥ 1
FEECEEERE
g2 shehle 2z A EPS A
Hh3-7] £ olid 0.7 0 0.9
Cfactor 2 1 3
HLfact()r 01 0 0.2
=4 Tra 1500C 1300C 1700C
(material) § 0.0221 0.01 0.08
Cactive Ceeria 0.5x Ceeria 2X Ceeria
Ahrd Ahrd,ceria O5X Ahrd,ceria 2X Ahrd.ceria
B 3 2 10
Bt € 1 0.85 0.6 0.95
N isen 0.88 0.7 1

S Fa Aol disl AUE 4 NS A4S Asg AEdeld AsE melFth, Axsde we
sEYS] e Az ARdelde] Az ANG F A 7 E 2 @E Alle] s AFdeld 2
stoleh

X2
A7) Az AbgollA Al2Ele] AdE
Atk Aol slek Alo] & A Al 2=H
(E9sty g&5x) (YA Co, Beo]E)

g &4 1000.0 MW 816.4 MW 1110.0 MW

Hy, A4k 141.2 MW - 141.2 MW
A8 Ak -13.3 MW 356.8 MW 343.5 MW
| 165.7 MW 460.9 MV 626.6 MW

a5 12.8% 44.3% 44.1%

Ao g T 1,000 Mol gt Alo]Ee 141.2 MVe] +42 AATT. 22 Aaatr] &) AFH T A

-13.3 MWe] HHS ANt 165.7 MIS] d& FWoR 9lom, 706.4 Mol @al= AREEA| &2

o Aol ZE AYEtl, 110.0 MVo] @él= 27F CHE Areh Alo] 2o AAE 4 Abke dadn. Ay 9

THOR Sk Abo]SE 356.8 M) ¥ Akt ymA] A= d B4
& 141.2 MW G749} 343.5 MW A& Askgith 7] Aol w=w, Ao ]

ARE A A =E GEo] 44192 FFEHA] WL, stH AtolES FUbsE ofo|t]o]r} Ajx

A FHA A S WS e

4. 71e-ZAH 4

o
ol
o
o
r_%
Yy

sltAtolE 9] Frlo] wE WE ko) #ste], 2o wE HI 4 A AlxHe HE g84S d3s
A s AlolE 'y Al2aEI wusly] fete] Ve-AAE BA4S Y. $E5E E 19 FAE A
2wl 2o = vy Maes x AbElY] oz JMA ST

4.1 YHE

T 62 3 "Ydd ZAE Agshe 5 4 2 dE Alzwe] JfEEgA], o9 o], Je-AAN BHS
st ) thoFslk 7A@ 4o e A A ZE(capital expenditure, CAPEX)S x#dfjof 3o}, w3 5SS £8)
CH7F A=z, I HE&x= X xgrojof gy, B RBAeo Fo EAHLE 4 #5530 ANA7}

(levelized cost of hydrogen; LCOH) #Aox EIF 44

)

Ae Azge dstel g 29 Ael2 B9
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Al2E Hasks Aoltt. ol& flsl AlAFe] FAE]l 7S dvizhe] 80%el dviditkal 7Hg skl

F 3
7e-AAA B0l AEEE 714 9 7]E gEluHE
PEE N 3z A A%k Aoyt
A } ) .
7HA Pretio $120/m’ $50/m° $200/m’
Preceiver $120/kwth $5O/kwth $200/kwth
PeosBraston $1000/KkW $900/KkW $1500/kW
Deeria $2/kg $1/kg $3/kg
Dalunina $0.4/kg $0.2/kg $0.6/kg
Delee $0.07/kWh $0.05/kWh $0.2/kWh
DG $0.0129/kh $0.01/klh $0.05/klh
lifepiant 30 yr 20 yr 40 yr
lifeccria 2 yr 1 yr 5 yr
71er DNI 900 W/n~ 700 W/n® 1100 W/m’
CR 4000 3000 5000
@ abeorn 0.9 0.6 0.95
t residence 2400 s 1800 s 3600 s
A7) & 32 A|zEle] AMgE 7 A8 THAY TeE-AAA Ao AMEE 7IER AlAE wisfHasE VERY
w, A7) eSS U FdoRRYH FHEJY. 1A, AR A v LE 554 328 AMEske] WA ANty
W, 1A 7k e
=

A
A7) vl ojelm A WS AR W Y. 2 5, A vEs Fa ANEe
= |

i _ ) interest rate )
Annual capital cost = CAPEX X . - - (32)
1 — (1 + interest rate)=Hfetime ©

4.2 A3}

4.2.1 9F A

T 72 FZx A 7 Alzg digk LCOHE W Ao 2A, 384 g5 AtolE w5 Al=Ee] F9 4
gl =~ (heliostat)o] 71 37}e] F-Eolth, Alglo} XAl= athA] HIAA] At SWES] ol Hlg)] 49
o] Aoz v wEol Algote] AzF wEL FE7] 2 dEoavHIy Ao M| AR YKo
Avt. 53 A=" A9, C0, B OlE Ate]EX & H|E F7F 840, HA Tt FU) &L 5 A~

Helm EAAT A71% A B S+ odv] WEel & LHE Bel 2U & k. A7) @ulel ooewm
™=
bl

= = fa
¢lell & LCOH:= $0.39/kg-H, = AT 5 glow ol Astsl Abstekel Atold HyE A= $3.07/kg-HH
o 2 vt

d

2o WAL 7] AR YRk Feeks SHATEA dstel vehholAn, SHYTHA ov] 2
Mel, 293 0 @5 lMoRyE EEEE BE Wy b uge gust 2o Mo T sow 9
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k1
g
[\

100 T T T T T T T T

90

80 4

60 o

40 =

Thermal-to-chemial efficiency (n, o, o) [%]
(2]
o

0 0.1 0.2 0.3 0.4 0.5 06 07 0.8 0.9

)

Solid heat recuperation effectiveness (emli d

=93
— TC stand-alone ——~  TC w/ bottoming cycle
—— Bottoming cycle ——
[ | | st | Fower gnetn
- Rankine cycle
e | Lo [Resorin | .o - g
L reduction | ° L reduction |
Sobd heat [ Solid heat |
_recuperation | _recuperation |
Reacior i | Reaciorin |  Oxygen usage __
HO 1 “Hy || H : -H,
_ondation | "™ || MO ‘ X () a3
:—’—‘ ‘
Heat sink or
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k1
N2
N

Topping
cycle

Reactor
Esolid
Cfactor
HLf'actar

Material
T‘rd
5rcl

Cactive

Ahyq
B

cycle

System
EHEX

Nisen

Gas conditioning components

_______________________________________________________ | Sadaearcarey |
'
{iBR Vacuum :
1] - pump |}
'
Rascror | 24 o,
reduction LBk
Solid heat %’ FH:0
recuperation | =
€e0;. 50— 3
Reactor 6 Hydrogen
oxidation | ——— AW
7 ; "
Condgnser E
'
L= (8- 1)H,0
.o vt e o e S A e R 0 A O S S O DY AT SR e e e e s o
Waste heat
............................................................... \
]
Heat receiver 1 16
18 Q‘ ; %CH,
'
CH, compressor i
]
B 17 — L 115
o Turbine Combustor [« '\r T %0,
'
> 0, compressor '
1
;
HEX-CO, i
'
'
T Compressor 2
'
28 [ \ Cooling & Condenser Cooler t
z 126, 4 co, (ccs
22 : A 2( )
CO, compressor : o
+235 % H,0
'
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EHS

— Inputs

Trd; Prd; Tox.
Enpx, B

Esolidr Cfacturv
H Lf actor

Nisen

Q:‘nput,mp

Nisen

EnEx

Qioss‘cb Qloss.cd

va: Qtossj vp

ny,

System @ ————
i Topping
: { rar Box, and Ahyy ]
(T3, To(HEX-O)
([ Ts Tip (HEX-R)
I
( Gsolid ] [ To,Ths 1
(cooler & condenser) |
¥
{ T4 (vacuum pump) }
[ cokulate energybalanceof |
| TCredexcycle
Qiﬂpu tbots ﬂoz
I Bottoming =
| ( Ti7Tis 1
| | (CH, & O, compressor) |
E [ Assume Ty J-—
i Tzg J
{ T
! v
[ T5o {combustor)
T34 (turbine)

{

T,; (compressor)

QIOSSJ'E(IC tor

Wen,, Wo,

Moy,

Wturbine

{ TZBJnew- Tzz (HEX'CO;;J

]
1
)
]

[ T4 (cooler & condenser) ]

v
ﬂ[ T,5 (CO, compressor) ]
1

[

Ty (cooler) ]

MDmpl'esSoT

4

Niop
Nbot
Nsystem

— Outputs —
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