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Abstract: A novel hybrid design that combines solid waste plasma gasification, gas turbine, absorption heat pump,
and coal-fired combined heat and power plant has been proposed. In the integrated scheme, medical waste is sent
to the plasma gasifier and converted to syngas, which is conveyed into the gas turbine system after the necessary
treatment. In terms of waste heat utilization of syngas and flue gas, some are used by the absorption heat pump for
heating, and the rest are used to heat the feedwater of the coal-fired combined heat and power plant directly. Based
on a typical coal-fired combined heat and power plant, the benefits of this system are examined in terms of both
thermodynamics and economics. Once the heat supply and the net electricity from coal remain the same, the net
power generated by the waste in the hybrid design is 7.47 MW, while the net waste-to-energy efficiency reaches
47.96%. In just 5.23 years, the initial investment in the proposed system is recouped, and in its 25-year lifetime, the
system achieves a net present value of 50 362.94 thousand CNY.
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Fig.1 Diagram of the plasma gasification-based waste-to-energy system integrated with a combined heat and power plant
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Fig.2 Simulation models of the waste-to-energy power system
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Tab.1 Model validation based on the reference plasma gasifier
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Tab.2 Basic operating parameters of coal-fired CHP plant
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Tab.3 Parameters of the heat regeneration system of the reference coal-fired CHP plant
T E RH1 RH2 RH3 DEA RH5 RH6 RH7 RH8
EREIC 386.57 319.15 443.32 329.49 226.81 137.09 83.25 58.95
g K Ji/MPa 6.12 3.70 1.67 0.77 0.31 0.13 0.05 0.02
A/ (kg 57Y) 39.43 4251 23.29 26.87 16.92 13.05 1355 13.82
HEk HEIC 249.59 207.69 175.77 107.28 85.23 60.66 28.96
’ F/(kg s7) 39.43 81.93 105.22 16.92 29.97 4352 57.34
LR EEIC 243.99 202.09 170.17 125.61 101.68 79.16 55.06 29.64
“hK R R C 276.56 243.99 202.09 170.17 130.10 101.68 79.16 55.06
O (kg 570 520.73 520.73 520.73 520.73 346.97 346.97 346.97 346.97
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Tab.5 Properties of the medical waste used by the plasma
gasifier in the conceptual hybrid system
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Aar 1.89
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TCE AT Wi% Our 39.63
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BT A S 2 JORGR & RS H )

W2 6 F1R 7. 15 1 ko/s FIE e BI7 IRV =i
T, REASE ST RS0 1.34kgls (75 &%
R, HEFA % 40.85% CO. 37.69% H, il 0.87%
CHs %, MRAT PV AR (11.51 MI/kg) .« (EAER
M, eSS s FEFREFH 1.93MW, {Hi]
SEPL 75.38%I1 5 B AR .
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Tab.6 Parameters of the plasma gasifier in the proposed

hybrid system
WH il
ST AR 2 (kg s7Y) 1.00
MEl(kg st 0.36
SO kg )
EEIC 25.00
WA A ?ﬁ%/(kg 1) 1.34
BErc 850.00
I 2R 1%e] 86.00
HHTIE ”
HLFE/MW 1.59
753 A5 HLFEIMW 0.34
T RAEE% 75.38

x7 TEERESH
Tab.7 Properties of the syngas after cleaning

BH Kl

HEEIC 50.00
it E/(kg s7Y) 1.34
co 40.85

Ha 37.69

(B 5% CH 087
CO 9.62

N 0.10

H20 10.89

A HAE/(MI kgY) 11.51

TR AR SHOLE 8, HHIHI ek
i, TR BRI R TE, RS AS
P72, (B2 RV i AU ) s B I AN RE R, TR
JEUUE R G N AT AR AL B ANF
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Tab.8 Parameters of the waste heat recovery subsystem
BiH 15 Hdhis 2 S 3 SR 4 SR 5 S
A R R FHA = JHA
N HE/H DR C 850.00/739.26 739.26/200.00 200.00/50.00 638.14/350.00 149.00/50.00
HE/E CE J/MPa 0.10/0.10 0.10/0.10 0.10/0.10 0.10/0.10 0.10/0.10
Wi (kg s7) 1.34 1.34 1.34 15.13 15.13
i (o)} H20 H20 H.0 H.0
O HE/H DR C 25.00/800.00 170.17/276.56 29.64/130.10 170.17/276.56 29.64/130.10
HE/E CE J/MPa 0.10/0.10 19.63/19.60 0.77/0.73 19.63/19.60 0.77/0.73
Wik (kg s 0.36 0.80 10.38 3.75
Hethdkw 286.51 1308.58 336.91 5021.45 1583.20
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Tab.9 Parameters of the gas turbine subsystem
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Tt TEEST AR vk B 47.96%, 17T TiE
N 14%~28% 15 G (1 h AR e v, SEIL T BRIT IR
YIA SR

% 10 AHP FRHFESH
Tab.10 Parameters of the AHP subsystem

WA il

P R C 350.00/149.00
i

FE/(kg s7Y) 15.13

O/ R EIC 23.98/22.00
wak T

TEl(kg s7Y) 295.78

ST/ T 55.00/57.01
gk R

TiEl(kg s7Y) 682.59
Mg R 5L 1.74

F 11 WRBEABRESSEIRE A BHIEEREXT L
Tab.11 Energy performance of the proposed hybrid system
and reference coal-fired CHP plant

Z%  NRRE
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I B mmzg

A1 (kg 570) 69.28 69.28 0
BT bR ARl id 2 (kg 57Y) 1.00

PP & LT 2R IMW 599.23 603.97 +4.74
BN T RGUR T IMW 11.29
RRHIRIMW 599.23 615.27 +16.04
)R MW 29.96 3853 +8.57
PRI B L TR IMW 569.27 569.27 0
37 B B Th R IMW 7.47

ST RIMW 569.27 576.74 +7.47
fEHERIMW 114.36 114.36 0
BRI R % 47.96
R % 43.43 43.48 +0.05
RGUEBZEI% 47.19 47.20 +0.01
2 (kg 570 69.28 69.28 0

R TR EBLIORA K RS B R TR AL

K, WAL B MBI IR A R B RS TP RE
BT T, SR wE 3 FE 4 Fis.
ISR TR RAREHLR AHP (245
ﬁﬁAk%%ﬁ¢M%§m%$A%ﬁ%%mﬁ
I RE TSR AR, LR BN IREF 100%. 7E3L
TIRA KBRS T, 1557 MW HIESTRYIINA fE
HY5 1.93 MW HAHBNTIR (SEESTIERIZS 4 28I
o Ay S ES A 17.51 MW

REEAVH SR, IREIENR TR ARG AT,
BERAAD)— RV EN LR, EbeET,

%&w%é%%%%ﬁ%%%%ﬁﬂ%,Mﬁ%ﬂ
BRAEFHUR . BREEE TS, SIEGEHL
ﬁA”F%mMﬁ% %m?m%%FEZBMW
I DI . A G S KRR E, Hp
0.29 MW H TIn#S 4657, 8.25 MW H T-In#4k
JEE 457K, 4.08 MW H TR N R AR AHP.
WG, R IRAREHL AT =R 4.74 MW
IRRANG DR A, XA & B BRI R = A




5 8 31 J B S BRI RIBO LA £ [ (A R 5 8 T iR AR B R G IR B o 21
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ML D23 i A 576.74 MW RERGL G LR RGN A, EAXNEIREY)
TR, UFZ2%EV TARM WTE &40k d3bRbEER TN, SCl TS RIE RV K AR
632.31 MW(43.65%) O P HH
1436 MW~ 29 96 MW
(7.89%) [ (2.07%)
1993.31 MW
1 448.68 MW ,
(100.00%) (137.59%) 604.69 MW,
ﬂf'u (@L74%) | o i HL T AR
87.68 MW 641,94 MW 5.45MW
(6.05%) (44.31%) (0.38%)
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Fig.3 Energy flow diagram of the reference coal-fired CHP
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6.60 I\{,IW (0.40%) 4y g o
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(5.89%) (7.69%)
1994.37 MW 2.45MW 108.61 MW ol e
1448.68 MW 5 FRrE
(100.00%) (137.67%) (0.17%) (1.50%) 57401 MW
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Fig.4 Energy flow diagram of the hybrid system
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Tab.12 Performance comparison of various WTE systems
Bk RS B g RhE Al (kg s71) bR R % SCHR
BRI A R IE P 10.53 33.80 [30]
W SR IR 33.00 [31]
BTSRRI 1.00 40.10 [32]
BT AACE S A HL 5.45 31.00 [15]

AR E KRG 1.00 47.96
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Tab.13 Exergy analysis results of the proposed hybrid
system and reference coal-fired CHP plant

SH ZHHA NRIRA KBRS
MW EER% JIIMW EEER%
3R PN 1469.79 10000  1469.79  100.00
I SR 0 0 16.87 1.15
ISE PN i 1469.79  100.00 1486.67  101.15
FHL 7 569.27 38.73 576.74 39.24
g S 3 7.47 0.51
At A 16.29 1.1 16.29 1.11
ISE ofep i 585.56 39.84 593.03 40.35
Badp 741.61 50.46 741.03 50.42
o TR 59.32 4.04 59.90 4.08
Z [E RS0 18.28 1.24 18.07 1.23
FTR 2 8.28 0.56 8.39 0.57
B 1SRN 5.45 0.37 550 0.37
Zﬁ LN 29.96 2.04 29.96 2.04
KN 21.32 1.45 19.98 1.36
Joyil 884.23 60.16 882.83 60.06
FoAd 2.79 0.19
% 1 SHPdis 0.06 0
5 2 S 0.24 0.02
3 SHmm 0.03 0
; WL RS 0.02 0
g MR 3.14 0.02
AR 0.30 0.02
o AR 0.10 0.01
qOMRE=E 4.36 0.30
st 071 0.05
l
£ 4 SR 1.08 0.07
% 5o 0.06 0
®2 R 0.17 0.01
SR 6.77 0.46
M R 0.90 0.06
WRIEARA R 884.23 60.16 882.83 60.06
BT SR M R 10.81 0.73
ISYiEREN 884.23 60.16 893.64 60.80
97 B R AN % 44.26
RGRIARCRI% 39.84 40.35

R 13 0L, 2 Fhor T RRIE SN TR KR
100%, 3iIRIRE R ARG RPN A M
AN 16.87 MW (1.15%). S IIRA K HL RGN
BIRE SR R P N1 o C SN I TP K
Ko Moh, EETFHRSUTRA. MBI T RS
M AHP F R G ME A 10.81 MW(0.73%)
T8I T ST R AL R, B N T

9.41 MW, {HF=AR S in 7 7.47 MW, [&
ITIRYIR B RCR N 44.26%, REGLMIRCRIER
7 0.51%.

Kl 5 R TR G KRG RIT RN
REVRTR o S B & R T o R = RS A &t
SHBEIR 21 66.15%, i1 ES 3 KM BIA ot
Bk, & EEik 13.53%. JHJE BRIAT Ak A,
[ )t 52 )N 1A T e 2 TR 22 0 K i

4360.66
2789.51

1462.74

899.89

714.08

295.36

| 174.12

0.88{? WS E 4 Pl 95.49

; 0.16| Wit x4 [17.61
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5 HIRBE X BAFEMI R
Fig.5 Exergy destruction ratio of the waste-to-energy
power system

3.4 ZF S

R T VPG BRIRA KRG T A ATV, i
THERARMEE, BEANER 14, G1H B E RA
BH 55 A H BE AR IS B G5 A 2 35 70 4 R R
VAL RRVR T H B 2R Be 0T 5, LR A K R
G I KUK B IR AL BRI B D4 6, AR SR
PBUNFHUE, X 2 FRUSONSRIREI A 7 ik £
3170.16 JG/t A1 650 JC/(MW h). t4h, WTE T H
FIig AN 63.38 JClte ALK F=AE F v Al DL
TE SR .

% 14 BFETEHEARL

Tab.14 Basic assumptions and information for the economic

evaluation

i H L
WA R RGBT /NN 2/ e 7200
PIRIRA KRG a A ila 2
15 H 2 i R4 EHE 23
Bey7 b AL FE BRI (T 1)1 3170.16
s IO £ 63.38
PHE MG 1B 374.00
R LA (TG (KW hy 13T 0.65
&8 U (5 A SR T L% 10
P 1H 2 (5 154 SR B LLIE/% 10
AR MR EmIEE (ANRM/ZEIE) 6.80
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Tab.15 Investment cost estimation methods of components in the proposed system
Jiik W& AR LR
G 60 (Pp)”” [35]

0.67
SRR T 91 562 (\%EJ [39]
e Que
S & IESSTH 5000x LMTD, . [40]
RN S
e 46,085 My (s}
e 0095 Pt [41]
Plﬂ
RS EHFE T 1 318.5 x W, — 98.328 x InW; [42]
A TS 29x10° x (3.6 xm, )" [35]
Jiik W& SEMIEITFFEG S £ G Fei
EETIE 1500.00 5.75 MW 0.91 [43]
e O 45700.00 76.68 t/h 0.50 [44]
e B 250 33 650.00 4232.7 kmol/h 0.65 [44]
W AR 1338.33 17.43 MW 0.89 [45]
F 16 NIRBEABRAFEFLERH 201 Jix

Tab.16 Investment costs of the components in the proposed

WTE system.
TiH AR
A 4834.13
ERFIE 317.09
U 25 A 4055.73
%%@E 1 5 as 3.95
2 G 28.21
3 S HLAZE 28.78
i R 40 3737.41
ARG 341.33
AR 106.68
AT Bhbez 36.20
% % BRAEHL 10282.25
4 SHINZE 65.59
5 Sk 273.69
2 SR 124.65
AHP 339.44
SR 24575.13

R 17 HIRBRERBRFEFEDTER
Tab.17 Economic analysis results of the proposed

WTE system

TH #d
By7 SR AR R 25920.00
R /(MW h) 53 768.61
PEHSE A Rt 489.89
AL B AN TS T8 8217.05
LS ONY 3 494.96
B ST ST TG 18.32
HEIBE R 245751
S ki DA 164.27
A ESa 5.23
LTI G 50 362.94
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MR 17 a0, PR A ERYSON BTk 6 ) i A
%, HHEERINK 70.05%. FIiHERBEEN
53768.61 MW h, HRAEEIF] 3494.96 JiJt. M4, H
B ERFIN N 18.32 Jigt. HEFIFEIZE NA
2 45751 JiCAFIS A 164.27 Ji7G, FiFi4:
MATILZF] 9108.55 Jit. MHTILHRAR B 10%HT,
Z RG] LILE 5.23 T NURIVIGR AR, Hi 77 G
BUEPUHER 25 FAdrNIAF] 50 362.94 JiJG,
A WZ B R A R RGAPF AT, HIE I A
AT

4% #

AR T —MEEE T BRI RSB T540
PRAFEHL WG R A LA b 3R A
RERG . B TEAM R, xR
BT TREE T AT RIS 8T, JRefe T
AT R aR . AT eE R R, WTE RS2 T
ek, ORIESET T R IR AR D gR Gtk e, B
A R IE 580w A i

D EIIRE KRG TR =4 7.47 MW
IR Th, RITIRYIR AR 47.96%, izt T1&
BRI

2) W23 R IR KRG, BRIT IR K
FHL B MR AT Rk 5] 44.26% . R AOAS A 3 7
R R HAR o R

D HWIWRARKBERTEBTFMHRR. R
SN ARG MR T RS, AT
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24575.13 Ji 70, ELE WTE T H LI, 154
W ATIL 9108.55 JiTt, IEE AN 245751 JiTt.
Rltk, WTE It H B30 &35 RIOR A 5.23 4,
TRIHE 25 F 1% N, F BB A 50 362.94 /37T

4 BILGINT 1 GBI, 7EAtE
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