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oF
T
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L
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— Creactor — Mactive Cactive ¥ MothersCothers (8)

Cfactor

Cactive Mactive Cactive

HLfactor -

Qioss.reactor __ 9input.top” Jinput.reactor (9)

Qinput.top Qinput.top

L @7 5747 AR nE

m ;
B - H20,input (10)
My20.stoich

Alz=ge] A, AA Alz=golA dugr] B HE VAR AeS A s T HY] wiEE e R

3. A[EHolA

7t AR PR AT 02kl Al B REAgE, AJAE R8s Al BHE Feste] A
A Alz=g) AlEdeld RES g%tk MATLAB B! Cantera €98t =t AlEdlold RAS 4dst=d AME
s,

3.1 W32

3.1.1 2 FHaxe ABdAY 2

a5y A52 137

Ashabd d% 2 wgrle Aelote] dejstd delelst A @ 5 AR Jwon wdwnAn, dstey
Hk =]

o 5
= =1
52 Wgr|e dYo= S-S A5t Celpsns Celprq™ WRSIL, LA HHS

719 LR AT, e 47 F wdel Bad dge av A D WA A a3H el AN &
ek, dfomRE e de WgvzvY Fwow o 4 &4 =

74 4 & skl A (14)9F Zol] Artdnt [q:
(intensive), 6: }1\_}5\— 71——:]_15\:“ solid, unrccup; oEﬂ §]£|\— %—/1‘:‘\: —‘—liﬂ oEﬂ T ’19:4—, Cactivc '/_l\ }ﬂ'ﬁ‘/] oﬂ %%]:, rd:

3+ (reduction), ox: At3}(oxidation)].

k]
Yinput,reactor [m] = Gra + Qsolidunrecup (11)

fra [ma:—HJ ,1_50,15” Ahya(8)dd (12)

— J ﬂ:ﬂ [(1 Esotia) X (Cf“m X cm,ﬁw(i"})}d’[' (13)

é‘ri & 59-‘!'

kJ
Osolid, unrecup m]

Qinput,top — Qinputreactor + Qheatiossreactor (14)

~

rt

4, e WHEA(AR)E, AZolel A, a7 A (15)% ol ARE & At Aa AE 59 Foln
& gejaty §Y delHE Jnon £ 7] 4 162 o o] AT 5
8% EE . 71 A (DOl Uehd sk gol exd] elEah Aol
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;B dEAe e e B84 249 48FE AT AT Cueadll 71Z8H] ARTE A

il

Ah, 4 (8) —=2 ]::(478-—115864—1790524»2336863-6492964) (15)

rol—ceria
1956 k
= 8700 Py, "7 exp ( ;:*f) (16)

0.35—8
Cactive(T) || = (16761 + 2216 x 1073 x T — 2392 x 10° x T ?) x 22 (17)
W, 4D AbolF FHERE Su AlolF AN AdEE e wd Az} W] Ay L A A H5 F
o] aA] whE7lell gobgls Ao gholvh. A7) Aol 2 sl 4 (18) B A (19)9F #o] yEhd & Qv

kJ
q:'nput,bot [W—HZ] = {ox o+ QSolid,unrecup (18)

kJ 1
Qox [_Z] = @ra —3ho, 1,4 + Bhu01, — (B — Dhy,o1,,: — hapzo. (19)

A7) wkg7le] Y] Zhsel 18] AEY 11 W 89 LEE S w9 4 wge] Sme 47 Bt

q = Qmax X EHEX {20)
Gmax = Min (erzx,h! qma.x,c) (21)
Qmaxh = Nni — hh,o@TC’i (22)

q-max,c e hc,o@?‘h'i - h—c,i (23)

= (pump)

HEe 5 JEZY 88, niwms 7INCZ FARH ZA-Edu. Axges 2719 H= (Y FH=, 13 F
) 7b k. o] F 9JE] Bl oYX AHlE dubdoR AR AlREtE Axunr A 2] wjio] FAE
Ak, AlEHA Rl ALgE WAL the P

e WA A vl on| g Alaste] QusEast FAE FAYOR St LS AMGES RUY
Gtk AR Alol2 FAZRE HAWR oheh AT Bl vlolou|zs £32 A wee A3
A7 o7, ARES Fe AGH P dolEE NOR EEE 4 (2608 o3t AN & At
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45778 Pro Py

Kp=exp —4.33-—r— |=
TK) | PeoPyo

(26)

o] %, 7k=3st vk (27)2 ofFek 2.

CH, .40, + 1.34H,0 +0.50, = aC0O, + bCO + cH,0 + dH, (27)

O~
WS 3 A= (C)4 o FE3I| FAE & dvia M4 OF‘?iE]r.
TA7tA g vk8 7| (water gas shift reactor)

g7kt whgoleh Artstekaol TS WESAIA FAst ofiisteaR WEshs wkgorA, W] AlE

dold malo] AHE 3oy (28)€ Theat Lk,

CO + H,0 < CO, + H, (28)

ol"8d¥E &3 27| (pressure swing absorption)
SdEWE E2 8U)E &3 JtARRYH 1k 42 AASES RdgHd. oU)A, A2 L89S §))

product __ put
Ny, = PH; recycleMy, (29)

718t 845 (F94 % 7F28A87])
A AlolE Ax|e] ZHlME 7tad] BRE Z7|7) BRE $EHE Aol &l

Asiint. stk Ate]lE A 7k B AR = Ad Atolg A ESTYH HAS e
3.1.2 A" A gAY gauddF

T 5% Awmd A8 AlEHelA 2 ¢

=
state system simulation) A& Axlele daglES HoFu. Ad 2 slut Alo]E T A9 Z+ "r’\ A
AR 37 daglEddAl AlLtE

a8
=)
=
E
o
rlr
>
[>

T
o
e
&
)

[}
it

% 212 dehiy] 98 dangd. sreas Axsg

x 1
§j2 stevle] &
HH-g-7] € solid 0.7
Cractor 2
HLfyeror 0.1
) Tog 1500C
(material) 5.4 0.0221
Cactive Ceeria
Ahyq Ahyq ceria
B 3
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A 2=l € i 0.85

Il isen 0.83

o] stk AtolE FA 9 ulo]Qujx 7}23} (Biomass Gasification) =
th, QRO A Ty ulolQujsel HMEA Y ZulE o] &l FFV
o 2 3 W7 B, A7 A BA, oY HE 52 3Ao o
AbolE FAA 1 mol/s ¢ &2 F427F AAE u stk Alol =

27b A E T

3.3 39 AlelF ¥4 AEdoIA A¥sr] E 2& AW AlolF AN ALR AL =5 A
A 5

* 2
ATk Ale]E FAAA HdEE HYE 1.4312¢° Kl
(Waste heat from toping cycle)
SCR(Steam—to-Carbon ratio) 1.34
blo] o v~ & {4 (Biomass mole flow rate) 9.16 mol/s
=2 A4 (H; production) 14.617 mol/s

Awdt 2] AHe gAE A Folm, Bdo] &ale Zledok 49 A4S 71k A= 29 7l=H
Ageltt BEAe A4S WS @ad v TAL Fus 2 wgel Fssts AL oA & UL
Aolth., 2B oldelA V]we HAlES BE WA dAIHR] Aoln ghg o] ol Ao R o] ofyt
Ak T Sol, vAgow AuH it 7 T4 24t BaEH ANE R o, sAsAw By
Aom A9¥el t T4 R2ER A%E JHR A4E FE A
welo] Wl A g AWnts Faeks S8l 94—8}04 Uepllol A H, B8 g wele] ofu] o
Hel, a8 1 A MEeEREH EEEHe BE WA Ev MEE gy 299 Wlel 2= Ao §
A wojof gt
z=9
EH]
Thermochemical redox cycle
Ahyy
Receiver &
Reactor ' = High temperature
) 1, Reduction reaction (endothermic) Vacuum
1 1
MO, = M0, s+1/20,
Sun 3 e gy
Ahgpiiq ’ : ’ A s
1G '
LR 4, Increasing 72 2. Decreasing
:ﬁ;‘x temperature temperature ’ﬁ;{f

)l

Redueed
metal owide
M0y 5

Metal xide

iy
MO,

~ 3, Oxidation reazinn (exothermic)

1 1
M0cs+H0 = 5MO,+ Hy

o Low temperature
Heliostats Tower
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Solid heat recuperation effectiveness (cmIi d)
EH3
—— TC stand-alone TC w/ bottoming cycle .
Bottoming cycle ——
EE @ Em [
- Steam reforming
: 4 - Biomass gasification

[ Reactorin | [ Reacorin | o

reduction ‘ reduction y

Solid heat [ Solid heat

TRCUPETILION L recuperation |
[ Reactor in | Teactor in_ | Oxygen usage

H,0 . . HI H‘\o 1 . « H; o -
| _onidation | L__oxidation | % [ combumer | - €55
L] L] /
= | mm— [T
HO | Gasfer

Surrounding | g -
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ErY
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! recuperation | = =
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i eidation | [ == b | 8 Hy
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: e (- 1,0
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' L 3
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Qinput.to : |r o '] ; it
pue,top E L TCredaxcycle J E Qioss,reactor
e e e e e S e J
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:' g e e e e e A e !
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SCR E -lr Assume Ty, as 800 °C ] i
i i ;
] P
! [ gy ] i
] | 1
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