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Novel medical wastes gasification power generation system integrated with

fuel cell,biomass power plant and CCS
LU Di, CHEN Heng" , LIU Yi-fan, PAN Pei-yuan, XU Gang, LIU Tong
(North China Electric Power University, Beijing 102206, China)

Abstract:In order to treat and utilize medical wastes efficiently and environmentally friendly, low carbon dioxide
emission is achieved by integrating plasma gasification of medical wastes,fuel cell power generation,and carbon capture
and storage based on a biomass power plant. Medical wastes are gasified by plasma to generate syngas that is cleaned and
then applied in fuel cell,which drives the gas turbine after supplemental combustion. High-temperature flue gas is utilized
to heat and superheat part of the feed water of the biomass power plant.The carbon capture unit is heated by flue gas and
extracted steam from the biomass power plant while recovering the thermal energy from the pressurized CO,.To examine
the project’s performance, a thermodynamic and economic analysis is performed on the proposed design based on a
2.00 kg+s™" plasma gasifier and a 34 MW biomass power plant.The results show that the energy and exergy efficiencies
of the medical wastes power generation project can reach 9. 62% and 33. 58% , respectively. Meanwhile, 108 560 tons of
CO, can be captured and stored annually.The DPP of the project is only 5. 06 years with an NPV of RMB725. 66 million.

Key words: medical wastes; plasma gasification; biomass power plant; fuel cell; system integration

Bl H 3536 K BB IR 5 3R, AT BOf i OC H nT
FRAERRIE , LAB X f A BB A, I R AR = <
HER, FREAEY L H R B HLA R, #E 2020
AENRTIRZY 29 500 MW, 8 T RE IR 1 1) B
Gyt T —Jr T, B TR R R A A ER B AT, B
S LA IT = A I BT IR ok B £ e it
A7 A A G BT IR W 1) S A R e 1T R R
Wi 40 v/d BEANF] 240 vd?' . BEIFRYSITA
A AR E R, ) B AR Y
(A EREYIT RE SR 2 A K18 M5

U P9 SEL 1L Ao AT R 5 Y KRR B M R K AR
BB BRI P B Ak B AL 3 PR 1 255K A A
SETHTE L P U B R A R A B RN S S T A
PRAEN | EAL G A AL BT 1 AT T 4 A IR 9T R
Pt Be s, 3 T KR TR B

R RS A G A B e R TR ST Y, AR Z
NIAT T R TAE, Zhao %O PFAk T 2 257
IR 5 A IR 4SS A BRI IR )
1) R it [DSOOCR SR ATR  171T 5 3408T 14 1 A B 5 4% e
R RE B ISR 8 . Erdogan 4517 B EAFSE T B

Y #s B #A.2022-11-28 ; & E H #1:2023-08- 15

BEETH . EK A RF2EIL AT H (52106008) 5 E R A KRB E L AUHIFT BRI H (51821004)
BRI A3k (1997-) 38 A B (1989-) , 55 1t B8  WF 52 05 17 2 RE B AME B I R G4k W03 WAL R, Tl IR RN

heng@ ncepu.edu.cn,



2023F 108 FRE: SEMRBISIAN R ENESERFEF AR BRARNRITHR £ 223 -

ST AN T) 2 B LU R R 306 6 A 7 1Y R
Wi, BB AE M T3 AR R o [ R I B s 3K
T FEAAE B AL 8 B, U B2 7 IR W) Y B R
TEREIRAL AT $2 T BRI 7 IR W O AL BRAE ) o 4N
ST H AR T A R Ak B T R AR A A R iR B
P H A 114 142 I A A 8% it 28 A 5 mT DAAR BRI A T
TR R AR I BT R MR S5 s T A
FHARBE R T BO B2 7 18 Wy Ab B J5 R 5, IF 45
HH AR b T B

AR EN 5 HAD R G SAE AL A, 7T DL 2
B R BRI, T EIT RSB TR
b 2% L 5 RS AL I RORE L M (solid oxide fuel cell,
SOFC) k4 % 5 # 47 ( carbon capture and storage,
CCS) FAEY B e L) I AR U R i AR 7 78 LU
T AR B 2R T R IT R R Tk
TACFIK Ty T HYRR G F6E T LRMg IR 5 8,
I 2B AR I AR 1 R TR RN 2 LML Y v T
15N RGEHAT T AR,

AP BRI K —FiRR A BT, DS aiop I B2
ST AR AL i BE TR HLEIR AL & H
IR SR A L R | AR A A R A R A
YR MK G RS AL &, FE T
AR A G TR S 6 AR LML, JF 5
2SSO A B L, TR R A . AR
Hh R 58 4 SO B AR — AR A H 55—
BERATTETR G5 16 AR 2 AR, 2B e iR B R AR <
KSR TECHLA L . SRR HLIY L 1 0 SO 2R ) o
R B — &R 3 2 /K TR T M Ad T 1m)
Al A BT B R, IR RSO ER IS, 26 A A 4R
% B W E AR, I A HEABIR A, [BE AR
ARBRAE AN RIS AEAE | o rb i A B 70 B 4 4 26
Tk Bt 4 2 8 A 0 A A R R A W AL 1Y
AR, REZIME R, BRI S EREs
RO AR AL ZE VR SR HLB I D R T O 5%
TR HLRE , R Bl 22 2 IR AL Bl T BT IR )
AA ) o0 AT Zt-HE s i e A Bl 46 STl
DMERR G B 0B HE R P 7, L—> 34 MW
(R AR B0 L il ol 295 22 B8] DA T 2 TN 48 5% 1
XXM C B AT T VPAL B RE R T N 4
Frishie T RCR SR = N TERLT, I ekt B9 7 Y
AL AR R 5 2%

1 ZBIHAENE
ARSCHR T — Bl A BT, LURX BT e 1

TR R BRI IR A B R H 25 R A AR HE
AR, A ARG EE T B AR L R
5 SOFC A=y o A Ho AV A AR s R i FE AR A, BRYT
JE AR Y 3 3 s BT E AT R BT R AR 0
ORI ]St S BT 6 Ak A B e HE A

A TR B ST I ST, AR R
Bl JRECHL BERAR A HALA, 1 Bn TH
HASH, BT TR Z A =4 34 MW (1)
K, BRSO T SRR, WA
FiR . ARG SE £ 2 iR, IR eREE
89. 6~381. 9°C Z W], AT HI T I #Auhedi S ¥

®1 ROEMREBNANTESH

I H Bl T H Bl
FZER G (kg-s™) 35.83 || Z{HEFI/kPa 4.90
F2&75H F1/MPa 9. 40 ZIRIRE/C 32.5
FZERIRE/C 535.0 | RHLE/MW 34.00
ZHEME/ (kges™") 25.37

B1 ZHEMRKENARESER

x2 REEVREBINALDRRZESH
RS

R R

i H
RHI RH2 DEA RH4 RH5 RH6
EiliFad
RE/C 381.9 307.6 282.8 189.2 125.9 89.6
J£71/MPa 2,63  1.36 1.07 0.42 0.20 0.07

W/ (kges™) 2,20 1.35 0.93 1.4 1.61 2.56
HiK

R/ C 192.4 158.0 — 118.8 88.5 32.5
W/ (kges™') 2.20  3.95 — 1.41  3.02 5.58
2hK

HEREE/C 189.4 158.0 140.6 115.8 85.5 32.6
MEREE/C 222.0 189.4 158.0 140.6 115.8 85.5
/MW 35.8 35.8 35.8 31.0 31.0 31.0

H TV R R R R AT, LU E T — A=
VBRI NS RGBT TS



- 224 - FAX AL L

Bangk 2, WS RGR AW LR BB
AR,

2 WMAEXHERFHREH

kg IO X6 ST TR A T A K BT IR W AL B A
FH 25 0 BB HE R T R 421 T —Fil & R4,
wE 2 fros

K2 PRfEemARARETER

B T E TR L i id B2 5 SOFC B
JU H FIBRATT SR i e B AR, R IR K U i
X SEFASCHEAT R, BT A B R ORI TR TR e
WL T I HF A BRI

TR T — RIS I, BT AR B
AR LT AR IR SEE LA I AR B [
(P QR ) e W A /3 0G5 S SE 7 DDV SO
ARG R, O 4% BT AR A R BE 19 45 7K I
o A TR R MU P e RS B 25 7K Dk
TR, AR IR AT R LS S P
W A S EZ I T WA AR B A T A
RLEIIRAE , D80 T I RRRE B X R GEBCR IR

BEST W I RE R T SOFC MR LRI ZETR
BEH PRS2 S A 2 T BT R 45 B IR
TRy PRl K i B, RGE™ A T BN A L

3 RESWAE

3.1 R
W& RS JETE Aspen Plus fll EBSILON Profes-

FE 4355 10 8

sional *F- & _FAALRY . ZHG RGN 50 H LA
gre W AR RS TR AL SOFC FlER 4l 48 £ 5T i
Aspen Plus #E17#4%, Aspen Plus 1] DLAR4f 0] 5 (1)
P F R S BRARAE F A TS 118 15 A A R T
WS 3 B2 A4 5 Ebsilon Professional S22 45 %%
AL AN AL B o R il B2 BRIk I T (5 T 1Y)
B, AT DAHERR B A 2 R PR
BRI SHURTE Aspen Plus 55 B TR AR
BRI AR RIS B AY . S0 48 SR ey A
#| EBSILON Professional [F) #& X %2 #L & B o
EBSILON Professional i H A9 # i 2 4% Aspen Plus
TERRAH AR BT THR S SR B E 1Y
3.2 BEESNMW
P H AT T VA, LA A% R R A R IR
Tt o RPRCRL A BAR AL R B AT DA A ) BTk H
Sl ) A ) S R JBT E H  AR RN R R L ARICR
T ; @AW R HL 78IRS AR ANE s D R Gehb
AR ; @ PRBE 1AL AT LA 2200
PR, ) DL =5 JR B 7 IR ) R HE ORI T C
i X A W Bk B AR A T 0T
BB BT I R GE R A A R Y R EEST
PR K LB SR (1, ) R FR RGERITERE -
M, = P /(mg X LHV ) (1)
S, Py WS BT MW s my. K PEST
JEIHERLR (ke/s; LHV . A ST IR PR VA
1 TRk HL PR R GERE 5 1 AT R 1E E A
A FE R GRS K TR A3 B R BE YT R )
i, P, A A (2) TR R A R Y
YGRS
Py =Py - Py (2)
KPPy HREHIIER, MW, P, Y BUR I
MW,
SN A vl 1) R I P UL BT 3 B A R
A A 90. 13 MW, T+ HI D1 34. 32 MW,

55.43 MW 0.38 MW
3423MW  (61.50%) (0.42%)
(37.98%)

b £ Moy
L e T
B3 S0 & 4 R e LA B i
3.3 (SN
N T ERE VA PERE , R B8 N> X R G AT
TR, W RG] W U B 25 B Y
RS, FrREXT SMBCT B R T MRS BT —



2023F 108 FRE: SEMRBISIAN R ENESERFEF AR BRARNRITHR - 225 -

MART 222 g B AT 0 A BT 1, LR
i A b A A fE T 48R O IX 0 R B
B

BRI AT LU 20 (3) T4
Exy = mpyy X LHV gy X (1.006 4 + 0.151 9 X wy /oy +

0.061 6 X wy /wy +0.0429 X wy /wy) (3)

iﬁqj, Ex.}@g*q. j‘jkﬁﬁ, kW; Moy SR %, kg/s;
LHVWJﬂEH?ME, kJ/kg; W\ Wy Wi\ W sl
ERUNRIE0) s oy 1

PEVIBUR FURACR (my,,, ) BEYT IR A HB A
(M, ) FUE R EIARR () HAK(3) ~(5)
E

Mewy, = P /Exy (4)

Moy = P /Exg (5)

Np = Py /(Exy + Exy.) (6)

KM, Ex,, Bl Exye 53 5000 A2 0 J50RT B2 152 0 1) 0

A LMW,
3.4 S

TEAGTE— I G 55 125wl A7 I, i 0k
HATAT M. o T I B LR PR st e
TER G SRR TE AL . NI, AT H 1 I 55 - i
o O BT IR YR AL R H i e . ShAS R BT IR
( dynamic payback period, DPP ) Fl 1§ Bt {H ( net
present value , NPV ) 2 11 H 22 35 P B9 5 28 h5
DPP JE45 7% 18 2 9L 4 0y i R (E f5 , 4% 55 I i
i, 3 T BB AT O B T A, e
XA,

DPP

2 (€ =€)/ 4] =0 (7)
b,y I HIBITAEEGr TR,
Ve DR BT B 0 A i A 300 A o B DAY R
B ATRUA 2250 (8) 3158, T H Wk DPp & H
NPV i , & FIRE IR
barige oz

NPV = Y [(C,-C)/(1+r)] (3)

K, by MBS a3 b WATETIM a,
FIEA(C) A (9) 115
C, =Pe XNxXc+3.6xmy xNXcy (9)
X, N AR A, hy e 9 B LAY, JT/kWh;
ey NMEITIEY AL ERFN 0/, FEER A B, B H
MAEIZ AT R (V) % B, AEBLE A (Cy)
HE,
BAERSLH(C) FTRUHA(10) R .
Cow = Ciagp + Cyygg + Cyy + Cigy (10)

K, Cuy NIBYERAS, T0; Cyy AALE, 0, ATH 2

) T Copy A C gy B34 B — AL B HE
ERIT IR is i A, ot
C oy TR
Cup = (Cy xkx0)/[1=(1+i)7] (11)

A,z IR b A TECR ; Cy R B BHEA,
TG A

Cpie = Mo, X N X 3.6 X Cgp, (12)
T, mo, A LI IR EE B S8R  ke/s 5 C oo, M
TEARHEONAS o/t

Ciugy = my XN X3.6xCy (13)
A, mye WESFIRWIIERER  ke/s; Cpe AL ERST
Pz i liAs oo/t

4 SRSt

4.1 MERKSH

WA T — 1B IR R =TT R
Yy, ] LATE AL HL3E s A B G RS R W, 1% H i
FHB ey 1 s e i B 1 R IR M HE SOV E A Skt . AR
P SRk 14 ] BB, 36 3 B TEITIRYI T E 4
FrR s Bras B, BT IR S e i 25K
ST EAR AR RO B R 29 140 k) kg,

®3 BEFEVBSNT

TiH il TiH ¥uE
Tl 53#t/ % TEZ BT %

Ko 0.29 C 63.62

[# 7 ik 18. 89 H 9.68

ER 5 78.52 0 22.29

K5y 2.30 N 0.71

S 0.21

cl 0.90

AL/ (KT -kg™") 29140

JEURH L T 45 B U 10 45 B IR AR AL B IR
PEIEEEA S BRI SN2 4 R
R4 ETEMSUELSY

5 H HfH
PEI7 YRR (kges™") 2.00
KRR (kges™h) 1. 60
EB IR % 86. 00
B I/ kW 23323. 64
HERASH
WE/C 350.0
Bt/ (kges™) 3.54
&7 K/ (Kl -kg™) 20300. 14
Hetr i/ (kges™) 0.04




. 226 - A AL T

XA TR BN T 1 % 2B AT 5
TEE B AR TR BEER 2% 5, Bl = AR
FL AP 5 S RO, 7 A LI L A S TR
BRI AT R SHINR 5 R,
£S5 BERBREERSHY

WH HfH
BATHEJ1/MPa 2.00
SRR (kges™) 35.28
PR 3 ) 1 BE/ °C 820.0/975.0
FFRR 32 T3 B2/ °C 868.0/975. 0
HL B/ kW 33898. 6
SRR IR/ % 85.0
HACTR AR % 92

BRI BHRR 11 A8 A 58 4 SO ) AR — 70 3 [ A

H RO, AR A KRG 2 AMEK , LASK SR <A

Hlo MR Bh — SR IR 4R B 25 R AR HLAN
KL, EESEAEER 6 HHR,
R6 MERVSH

IgE| ZH
SN 20.0°C/0. 1 MPa
s 497.6°C/2. 00 MPa
VLR 21 575.1°C/0. 1 MPa
WL 20.0
KL 13839. 88 kW

P IR [ /a0y Y R AR S DR R 2
fit, 1~3 SM#E (flue gas cooler, FGC) F T &)
SR, MR ARG B 5T T AR o B B o e
UK TREE N 575. 1°C B# & 220.3°C, SRJE, IS
INBRARAE B0, I E A FGC2 e | 44K, 4
SR BT FGC3 B B R F%E] 40. 0°C . &), MR
DGR B hicdili £ 20 B LA 2 B A [l e — &k, IR HE
AR,

REAMEE YR R 2 B, —
JREAE AR AR 7K, 55 A — I o HAchie de 45
HIG, EHETAHER BT mGE , Zm
FEIaAT TOU T AIAAN & 23. 09 MW [ LT,

AR AE S R AR A R Ay, HE
O A ERAEBE A F EE W, T SEH
2030 4 F1 2060 4 9 fitk 15 W4 Ko e rh R AY B R, 24 55
Za RISk AR B A AR, LR
( monoethanolamine , MEA ) %5 W2 % F Tl — E Ak

FE 4355 10 8

BRI, MR R SCHR [ 17 ] B9 22450, 4 1] ASPEN®
XA AR I B EAT TR, CCS BT AR S A
2T R, Gl A AR S 2
R AT AR € B bR TE s
g W AE Rk . CCS BTT Ay FA A7 fip py A5 28U A5 421
TR, B TR 46 5 19— AR AR o o) 2 43t
2 600,11 400.1 500 kW, 7E& I8 TAELAMET,
MEA I 1) 5543 50h 35. 0%, CO, i B3 R ] LA
K] 89.9%, B L BR 1 kg M9 = A b Ik 75 2 A

H 3 651 kJ,
x7 CCSETMERSH

gE| S
JHAHE R L/ °C 40.0
MEA Y&/ % 35.0
MEA 7% BB i/ (kgs™") 44. 48
WK 1/ MPa 0.10~0.20
CO, R/ % 89.9
AT/ kW 15223.28
MEA ki &8/ (kg-s™!) 0.02

4.2 BEENSWER

8 W T & REMieE s, R
girp, AR SRR ROR AR T T R R
2.00 kg/s, 7E CCS HICIBATHYIELLT , ¥4 H T34
Y 23.09 MW, BASEEHLAL . SOFC 41 F1 A=) it &
HLJ BRI F T RGN ERRRE T, Y
AWk FL Y R L SCR AR RN AR B 200 H 2T
SR K B RCR AT IR B 39. 62% , WK HEA R4

BAT RUF R B PERE
*8 FRUHMBEREMEGIEYREBT ITLL

iH ZHBT ARG 25
B IR PIHEARRR/ (kges™") — 2.00 —
AW STl R L B MW 34.32 41.39 +7.07
PRAEEHLA L i/ MW — 13. 81
SOFC & Hi /MW — 31.19 —
CCS Rt fiT/ MW — 15. 14 —
A B TR U/ MW — 27.12
BEI7 IR R SR % — 39. 62
B /MW 34.32 57.41 +23.09

X BT B H 2R G HP R BE R DR AR AT TR A Y LU BCER
R, VB SEAERRAH 4R STz AT, T8 o in AT
SRR S A NN



2023F 108 FHE SENRBIIANS RSN ESERFE T I ARBRA BRANRITHA - 227 -

WE 4 PR EERGANE S, SRR RN, A=
Py 4 Bt 1Y R AR RE AN AR (90. 13 MW) |, I8
BOE NAEMEML (100%) . #E RGEDETFEYLGIA
T 58.28 MW (64.66% ) WRE &=, EI7 IR YIEEE
FIRAEAS TR b 30 & BUR, S5 B IR JE T AE T
27.12 MW (30.10%) 19 H 88, 1M ™= & th 2k 15 T
81.60 MW e, MHA Ay 21. 44 MW FAREE i
KA RN AEY B R B, SOFC AR AL
A3 % 31,18 13,80 MW MY HLAE , T 7 K48 ALY
KRN 7.07 MW, T 48 o0 2 I EE
KA MEA W, 1 — A AR TS 276 R 4IRS T if
A7, R ] DAl SORI A 4R f e i 4 J 7 A i A i
ATRFE AU AR 4 — SR A ms R 4 B e T
11.40.2.60.1. 50 MW ¥ # i H DA PR MEA %3,
ZE LT, 24 )5 A ) 5 A il A PR RER AR B 170 H
TERRG IS (R ¥ 1 23,09 MW, 3% 2 BE 7 IR 1 4%
BTG R AR

58.31 MW 0.46 MW
3424 MW (64.69%) (0.51%)
(37.99%)

?106(1)303[% H 41.85 MW I
; 124.36 MW (46.43%) 41.39 MW
- Lzl (137.99%) YUl m— 5145, — (45.92%)
11.40 MW
(12.64%)

0.26 MW
(0.28%)
15.24 MW 15.14 MW
(16.9%) [ sy ) (16.80%) (—qpppp 0.36 MW

1.50 MW
026 MW  (1.66%)
(0.28%) 2.60 MW
21.44 MW (2.88%)
(23.78%)
27.12 MW 31.18 MW 13.80 MW
(30.10%) (34.60%) (15.32%)
58.28 MW 1 ?916652% 47.70 MW 14.00 MW
64.66%) . (52.92%) (15.54%)
BEIY g aT "=, .
ety - . I SOFC R . ) 218
3.8 MW 272 MW 19.24 MW 0.20 MW
(4.22%) (3.00%) (21.32%) 0.22%)

K4 #HmeRgpmanl

4.3 BIWER

N T A VG TERE, [R) I HIAR 20 Hr 5 200 &
GEEAT TR, 275 R S HARE A 101. 325
kPa #1293. 15 K,

e 9 Bz, X H A PEARAR IR A AT T
OINT IEX A FOT R PEREHEAT TR . 5 EOR Y
KA LE , AW B RHR R AL | T AR S A
AIBIR RS ANE o 25 R G I, A iR i mT A
ETFEES TR DRI R BT 12 0 1) A s g i v £

(100%) , % B FIRAC TS 2038 1 55 5 146 i A% 4
27.12 MW (44.52%) R, i FHE D>, H
LRI ZIR LG S 90 TR, A i & B il
FYEE IS AT B I, Y% R G S PR T AR S AT
10/ 10051 A £ I ) I = 1 B T I N A R |
MRS o RIS, P ML b A — R 40 5 A 3l
LERATT WD T BT IR W e A A 0 SO R sl T —
F9 EFEMEBHNEELE

i H HufE H %/ %
i A SR MW
=g 27 60. 92 100. 00
FETIE 27.12 44.52
i R MW
KL HL 4.44 7.29
SOFC 31.19 51.20
IRSECHLR L/ MW 11. 96 19.63
JRER I/ MW
AR L) S
ML BER A 0.52 0. 85
KL 0.04 0. 66
At 0. 56 1.51
FETIRMNT
BT 3.80 6.23
HALp 11.13 18.26
At 14.93 24. 49
SOFC ¥yt
2= S 1.18 1.94
S S ER) 7.04 11.56
&it 8.22 13. 50
IREEHHLLE
REEHL 8. 19 13.43
SRIFEHL R HLHL 0.20 0.33
TS 0.43 0.72
At 8. 82 14. 48
ke B/ MW 1. 68 2.76
WAl A BT/ MW
i PRETPN 3.42 5.61
Wb EER 0.96 1.58
TR SRR 1.84 3.02
ait 6.22 10.21
SR MW 88. 04 144.52
SIURIAE MW 40.43 66. 43
Ve (A MW 20. 46 33.58




- 228 - FAX AL L

SIMMERIBRS . TE TR A S
PHALHTT SOFC T RSFEHLHLAL | #R [ &
FIRRAR A B 7T H S5 3 3R 0.56 (1.51%) ,14.93
(24.49%) . 8.22 (13.50%) . 8.82 (14.48%) . 1. 68
(2.76%) .6.22(10.21% ) MW, 1E 500 J5 A5 2E 9y
J LS AR DL R, BT PR kL I R AR ]
ik 33.58%,
4.4 ZBFHESH

IZI H 5 25PN S AR S8 AH Sk
B, ange 10 FrRt 2 I H &I 2 a, &
G 18 a, I ARG EAFIZIT 7 200 h, ARE SCHR,
R IE A AN N DB T A 4% . —F Ak HE
BUSA N 0. 07 J0/ke, BT IR W32 i AR R 0. 06
JC/kg. MHLEEYT Y & A A% A 750 S0/ MWh, Tfif
BT IR AL BRI 2 3 200 T0/t,

F10 EFESHERRIE

T H Bl
W/ a 2
G/ a 18
A ELAR/ (JT-MWh ) 750
BRI 7 AR BAN/ (T 3200
Prans/ % 10
CO, f#fF2 /(7T kg ™) 0. 07
By 7 Wi i AR / (T8 kg ") 0. 06
AEIBATRY /b 7200
AEEAF CO,/ kg 119672. 00

A AR B A FL S FE AR T H R AR L B
P& 24 5 B 7 iR A & o B A 6 38 il
A ER SR A0 2230 A 2 RS Rl Ik A B 45 2
Jraa R AT, WH BN 84 241.41 71
JG, Horh gl 4 oo R LR T BRRERAL L SOFC
LT I S NS AT o R N o (K T e 3 L B
22 731.25(26.83%) . 919.85 (1.09%) . 1 147.57
(1.35%) .50 500. 26(59. 61%) .9 409. 68( 11. 10% )
HIt.

W 11 FiR %5 H 75 84 241. 4 Jiot B £,
AEMEE R AR F] 147,30 GWh, I H #% A 70% 18
i1 15 a BB R T AR RN 6. 15% %, % R 5
BpAEIa Y | AR HER LA BT R s i ok s
AR 28 318.69 J1JG, Wi H M DPP 4 5.06 a,
NPV m[i5 %] 72 566.21 Jioc, HuLel L, Wi H BEAH
RAF I 28355 nl A7, 38098 04 1l i T L,

FE 4355 10 8

R FRAFNEFESTER

i H HufH

58 VIIPH 84241. 4
BHENA/ T T6 3367. 18
4F LM L3/ GWh 147.30
AR/ T T8 27816. 98
A AR E A7 2% L/ T 0 618. 46
AEBRIT IR Wiz i N AR/ T3 T 329.85
T H 74/ a

AR JE 2

255 A 18
BT LA/ % 70. 0
PR/ a 15
PER RN/ % 6.15
DPP/a 5.06
NPV/J7 It 72566. 21

4.5 it

VB —Fh A S BB YT R B T B, A5 IR
TR ARBE G A 5, FERE T A, BHAS T H A 1%
o ARSCHN FE T A W I A FL s P T R T R A
BT R R R R T TR T 0, xR 50K
BEST Y Kk Lt B 5 SOFC R A A HLZs &, XF
BT Wi s v S R . DA HE R ) £ BE A3 A
RG0] LA R i B — 8 AL ik, A 4 ] [ B A7
10. 86 J1 t Akt , B AR 1 kg A bl L
L3651 kJ WyHAED . IR 2= i A B2 43 A, BE YT 0
W K AR AT A 39, 62% , HARCR AT 3L 33. 58%, H]
DA X AN AT R g 5o 1 S 97 2R 4 P Y g
BRI R ICEL,

T—J7 T, BRI A 5 18 BT R A B
HYAMU AR T R G R BUA, [R5 SOFC #1 CCS 1Y
MERSFHET RS AL IRGE, 8T T &
G0k L RRCR B b T AR R T IRAR X HLAL A 55 B R
Wi, AR A AT 3K 28 318.69 JT I, HI& Bt
Y AR AR B A AT R, 2R G0 B A7 45 9 it RS ) 2
TR, P72 FEAE A= 49 I FL sy R FIT 7212 14 BR i 91
FEL P, 38 B R A FERASE L3k 58] B 3 1) B 7
YIALFRRE F) N2 5k 5

5 #ig

P T PP TR v AP B S CCS
WA RTS8 B T IR R B R G, T AR



2023F 108 FRE: SEMRBISIAN R ENESERFEF AR BRARNRITHR 229 -

JI2EE— SR SR FRRHE ) R X L
37500 88 R E5e,

(1) FEASSE W JEE A A ) o v i HB D B B R
GLAAE A AbFREE YT IR Y 5. 18 7 t, [RI I 52 90%
AR, A B AR AT IR 10. 86 T ¢,

(2) XTHEG R GE AT I BB B 40 M RG240 BT 1Y) &5
RN M TIEA RS, BEIF RS 8 FiRen s
AR R G L LIS N2 3k 20. 46 MW, & 57 %
YR LI BERCE T 1K 39. 62% . FRG RE M ESTE
I 3 AR5 2 Sl 40. 43 MW, 27 I8 W) & Fa, 14 4
BORTTIK 33, 58%

(3) X RGEIEAT I B M/ B R Y 7E 08K
0% 210 T, WA 2 G 1Y 3 A5 3509 Ml i ok
5.06 a, HIE AT IA 72 566. 2 J7 o0, BAT W] WLAY 22 5%
Wt

S 3k

(1] A BReIT R AT BUR Bk [ ] T s R R & 0 5
Fi1,2022, (4) :48-49.

[2] Lemma H,Asefa L,Gemeda T, et al.Infectious medical waste man-
agement during the covid-19 pandemic in public hospitals of west
guji zone,southern ethiopia[ J].Clinical Epidemiology and Global
Health,2022,15:101037.

(3] WREE, 5k SO 52 5 UK A b BET B4 % PR35 52 0
UGG ] AR IS5 K 8, 2008, (4) :41-42.

(4] #IESC, 3ok, 3ERT L, 55/ B 97 B2 W b 377 325 LU A 43
[J]. A #4443, 2008, (3) :313-315.

[5] Zhao H,Liu H,Wei G, et al.Comparative life cycle assessment of e-
mergency disposal scenarios for medical waste during the covid-19
pandemic in China[ J].Waste Management,2021,126:388-399.

[6] Zhao H,Wang L, Liu F et al.Energy , environment and economy as-
sessment of medical waste disposal technologies in China [ J].
Science of the Total Environment,2021,796.148964.

[7] Erdogan A A, Yilmazoglu M Z.Plasma gasification of the medical
waste [ J ]. International Journal of Hydrogen Energy, 2021, 46
(57) :29108-29125.

(8] Bidm TR XU, 45 3 B 0 By I W A i 3 AR 1A 3R 1 7
R[] PREE T AR, 2021,15(2) :383-388.

(9] HEAN, 24k T, R T, 45, [ P M B 7 152 0 o B BB AR
B K REL] AL TRTSE, 2022, (6) :54-56.

[10] Brdp, EIF5, X0 5 5. BT R AR SE e b BB AR o FH B % e
HABRVI )] BRBEAR Y, 2005, (7) :57-58.

[11] Parraga J,Khalilpour K R, Vassallo A.Polygeneration with biomass-
integrated gasification combined cycle process: Review and prospec-
tive[ J]. Renewable and Sustainable Energy Reviews, 2018, 92.
219-234.

[12] Chen H, Li J, Li T, et al. Performance assessment of a novel
medical-waste-to-energy design based on plasma gasification and
integrated with a municipal solid waste incineration plant[ J].Ener-
gy,2022,245.123156.

[13] Pan P,Peng W, Li J, et al.Design and evaluation of a conceptual
waste-to-energy approach integrating plasma waste gasification with
coal-fired power generation[ J].Energy,2022,238 ;121947.

[14] Vilardi G, Verdone N.Exergy analysis of municipal solid waste in-
cineration processes ; the use of O,-enriched air and the oxy-com-
bustion process[ J].Energy,2022,239.122147.

[15] fAeesE 55 R IR TR P () RO BRE [ M) bt fb2r Tk i it
#t,1987.

[16] Gerasimov G, Khaskhachikh V, Kornilieva V, et al. Study of
pyrolysis of components and mixture of medical waste[ J].Chemical
Engineering Transactions,2019,76:1423-1428.

[17] Xu J,Sun E,Li M, et al.Key issues and solution strategies for su-
percritical carbon dioxide coal fired power plant[ J].Energy,2018,
157.227-246.

[18] Zhao H, Jiang T, Hou H.Performance analysis of the SOFC-CCHP
system based on H, O/Li-Br absorption refrigeration cycle fueled by
coke oven gas[ J].Energy,2015,91:983-993.

[19] Jana K,De S.Biomass integrated gasification combined cogeneration
with or without CO, capture—A comparative thermodynamic study
[ J].Renewable Energy,2014,72.243-252.

[20] Gerdes K, Grol E, Keairns D, et al.Integrated gasification fuel cell
performance and cost assessment [ J |. National Energy Technology
Laboratory, Us Department of Energy,2009,71-26.

[21] Bellomare F,Rokni M.Integration of a municipal solid waste gasifi-
cation plant with solid oxide fuel cell and gas turbine [ J].
Renewable Energy,2013,55:490-500.

[22] Al-Khori K, Bicer Y, Boulfrad S, et al.Techno-economic and envi-
ronmental assessment of integrating SOFC with a conventional steam
and power system in a natural gas processing plant[ J |.International
Journal of Hydrogen Energy,2019,44(56) :29604-29617.

[23] Bellotti D,Sorce A,Rivarolo M, et al.Techno-economic analysis for
the integration of a power to fuel system with a ccs coal power plant
[ J].Journal of CO, Utilization,2019,33:262-272.

[24] Ud Din Z, Zainal Z A. Biomass integrated gasification-SOFC
systems: technology overview [ J ]. Renewable and Sustainable
Energy Reviews,2016,53:1356-1376.

[25] Pettinau A, Ferrara F, Amorino C.Combustion vs. Gasification for a
demonstration ccs (carbon capture and storage) project in Italy: A
techno-economic analysis[ J].Energy,2013,50:160-169.

[26] e N BRILFNE [ 58 SRR 22 D3 25 W] AR R 5K L IR G
AP AR T T Ik [ D] T A RER, 2006, (2) -2,

[27] EREHEE, ARHALL. —FAE S MR A DLAY B BB R HOR & 3¢
PERESM T[] AU T AR 4}, 2016,52(18) :153-158.

[28] SkMIE AR CRE & B R Gl S LRSI ATIE D] R
B PR AR 27, 2020. 1



