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Abstract: Partial heating supercritical carbon dioxide (S-COz) power cycle system is proven to be one promising
option for waste heat recovery. By using LiBr-H,O and NH3-H,O as working fluids, two types of novel combined
power systems consisting of a parting pre-heating S-CO. cycle and different absorption power cycle (APC)
systems are proposed. The detailed mathematical models of the proposed parting heating S-CO./APC systems are
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built and verified. Based on the results of single- and multi-objective optimization, the performances of the
proposed S-CO./APC system and the standalone S-CO, system are compared from the perspective of
thermodynamics and economics. The single-objective optimization study reveals that the net power output and net
efficiency of the S-COu/LiBr-H,O system and the S-CO2/NHs-H,O system increases by 7.40% and 4.30%,
respectively, compared with the standalone S-CO; system. The multi-objective optimization results show that, the
S-CO2/LiBr-H;O system and S-CO./NHs-H2O system can obtain improvements of 7.94% and 5.13% in net
efficiency as well as promotion of 12.35% and 9.02% in the specific investment cost respectively, indicating that
the S-CO2/LiBr-H,O system has a greater potential. Exergy loss analysis reveals that the main exergy loss exists
in the coolers and the heaters, and the proposed S-CO./APC systems can significantly reduce the exergy loss in
the S-CO; cooler by about 45%.

Key words: partial pre-heating supercritical carbon dioxide power cycle; absorption power cycle; waste heat
recovery; economic analysis; multi-objective optimization
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Fig.1 Schematic diagram of working principle and T-s
diagram of the combined S-CO2/APC system
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Tab.1 Energy balance equations for the S-CO2/APC system
HE [ S RLES AN

s 1 Qua = My (hy, —hy ) =mM(CO,)(h, —hy)
fna 2 Qi = My (y, — ) = M(CO,)A— bz )(hy, — )
BT Meo, (1 — Per )(Ne, —hy) = M(CO, )(hs —hg)
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Tab.2 Exergy loss equations for the S-CO2/APC system
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Tab.3 Reference costs and heat transfer coefficients for
components in the APC system

N S TR EHI(W {m2 K) 1)

W A% T UBrmoAPC 54 NHeHIO APC R4
KA 17 500 1500 1300
U 16 500 700 800

SHX 12 000 1000 700

F 4 EFIEMBIRAER AR
Tab.4 Cost function equations for economic evaluation

s AR R yeerer CHEAD)
pIiE 5000 3 7o/(kW K1) 541.6 (2016)
Il P 2500 2 75/(KW K1) 541.6 (2016)
B 1700 Z£76/(KW K1) 541.6 (2016)
JERp N 1000 2 TL/KW 541.6 (2016)
S-COz & - 1000 2 76/kW 541.6 (2016)
KL TRIER
@Zﬂﬁ}ﬁ:#n?‘;ﬁ " §IC, K= §IC, ref, k (%)06 394.1 (2000)
# E pump =1 120 W20 468.2 (2005)
Wl R 1 S, ast = 4405 W 468.2 (2005)
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LMTD, — — T = BTy (10)

In(AT,,, /AT,,)
KAWL BATEE yeepct ¥4 BT A ¥ 01 5%
JRUGFEAD EH 2 2020 4F (yeepci2020=596.2), 115
AR
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Tab.5 Performance evaluation indexes

1.3 HBIBHIE
H T4 Til# S-COL/APC R40E — Pl #il i)

e W i W PEIREERL , R = IR 73 Tk S-CO2/APC R4

. e G Tt ) ANTEYOR R BB TR 4 B 5E T 39 B
W W S-CO; P13 R4 APC T3 R G AL

e " G g, ) AR 6 R B S-CO MM T 545 S5 STk #

Oy Ma(h, —h,) FEEIRTELRA, 2 6 TTA, B KIRZEIUN 0.012%.

R Gy, h,) %7 R1% 8 4tk T LML R UK TR

Y S e (1) APC HAD\ 25 S 5 SCER R i X B2, e 7 A

B P W e 8 WLIF Y, BOKIRZES FII 0.745%711 0.098%,
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Tab.6 Validations of thermodynamic properties for the partial pre-heating S-CO: cycle

- T/°C p /MPa h/( kd kg™
5 ” . N N ”
i SCik AL 18%1% ik A3 18 70% ik A3 185/1%
1 35.000 35.000 0 7.40 7.40 0 402.40 402.405 0.001
2 94.750 94.746 0.004 16.87 16.872 0.012 434.71 434.713 0.001
3 287.990 287.985 0.002 16.87 16.872 0.012 718.98 718.973 0.001
4 384.660 384.660 0 16.87 16.872 0.012 836.08 836.079 0
5 298.160 298.156 0.001 7.40 7.40 0 752.05 752.049 0
6 134.930 134.933 0.002 7.40 7.40 0 567.28 567.281 0
% 7 LiBr-H20 APC R4ERIIGIELE R
Tab.7 Validation results of the LiBr-H20 APC system
Tans=50 ‘C, Xw=47.0%
ZH Tgen=100 C, P gen=34.33 kPa Tgen=120 C, pgen=65.55 kPa Tgen=140 'C, pgen=117.3 kPa
SCHR A3 W% IR A3 BR2E% LR A3 BZEI%
p ans/kPa 4.434 4431 0.072 4.434 4431 0.072 4.434 4.431 0.072
Myapor /(kg 579 3.719 3.725 0.160 2.804 2.809 0.171 2.288 2.292 0.181
Qe IMW 11.353 11.268 0.745 8.614 8.552 0.719 7.104 7.056 0.682
1h.Apc/% 8.810 8.874 0.730 11.610 11.690 0.715 14.080 14.170 0.662
% 8 NHs-H20 APC RGERYLGIELE
Tab.8 Validation results of the NH3-H20O APC system
Taps=50 'C, Xw=50.0%
SH Tgen=100 'C, Pgen=1.767 MPa Tgen=120 'C, pgen=2.411 MPa Tgen=140 'C, Pgen=3.161 MPa
SCHR ES'S BRZEI% SCHR A RZE% SCHR K W%
po/MPa 0.709 0.710 0.098 0.709 0.710 0.098 0.709 0.710 0.098
Mapor /(kg 57 8.89 8.892 0.025 6.53 6.531 0.023 5.26 5.257 0.056
Qw IMW 15.74 15.750 0.065 11.99 12.001 0.093 9.95 9.955 0.054
ninarcl% 6.35 6.35 0.014 8.33 8.332 0.030 10.05 10.045 0.052
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Tab.9 Basic input data for typical operation
conditions!722.24]

o BH HLfi B B
2.1 BERKL TolC 25 nasti% 0.80
FH bR A R BE BE e R RE I B AR po/MPa 0101325 | foumpl% 0.80

A BRAT DALE 2 J ) AR R 3 Ik HOG RS RE pi/MPa 76 Taos/ C 40

SRR S HUE N R R . XT84 S-COx & T/C 35 ATgen end/ C 10

i, 1k S-CO B FHE IR (T, S-CO it ATl C 10| ATeC 10
CES (p) LK CO ML (@sp) fEJgthsfeds  mo/% 080 ] e 080
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# 10 U RKETERETER
Tab.10 The value ranges of decision variables for optimization

TR RGE TJC pa/MPa bR Toenl C pgen/kPa Xl %

Hi— S-CO, R % 330~450 16~25 0.55~0.80 — — —
S-COAILIBr-H;,0 %% 350~450 18~25 0.55~0.80 110~120 30~60 40~50
S-CO»/NH3-H,0 #% 350~450 18~25 0.55~0.80 110~120 1.000~2 500 45~60

211 & Ritit Bk
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S-COJ/APC BX& RAME R, X T APC R4,
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Fig.2 The waste heat recovery efficiency, cycle efficiency,
and net efficiency of different systems




%7 W

Wi S ER o TR I T SRR B A AR S IR R R B R S BEVRAN 5 LR AR 107

G E 2 fIEk 11 vTHn, BT S-CO, R4t
(NP Y CTHERETELRE 120 °C gk ik B 1R 72
MHEHEE TR, #— S-CO. RGN RN
WML B I KA (77.38%), BEWRE % RGARE
FIFAR AL 4 KT S-COJAPC %%, S-COlf
LiBr-H,O0 £%if1 S-CO2/NH3-H,0 £ 45 437 mlli
BRBEAL T H.— S-CO, R4, 1fi S-CO2/LiBr-H.0 %
i Fl S-CO2/NH3-H0 2 4 G FF 80 % v T 80—
S-CO2 R%t. XUtHHR M RGN R R =
2 DR A E R R BER RN X T

S-CO./APC R G — S-CO, 245, R4l iR
FEREE R AL K /) GEFHEDE S po) BITHE
(BT

A, B S-COp i Pt Nk 1 58w
S-CO Tk MR B AV EC o] LASR Sl A 0%, 5
AR SRR AR R EAK. B,
S-CO,/LiBr-H,0 % 4t hin #4 8% O R R 5 B N
133.98 ‘C (L3 12), & Tk Sl BHEHER &% SO
IR RR (120 °CO, B A S R A AL AR
AR, RABVEIERRIK.

* 1 ERFREERAUER
Tab.11 Single-objective optimization results of the systems with different layouts

ZH $—S-CO, R 5 S-CO,/LiBr-H,0 #% S-CO/NH3-H,0 £%;

TdC 340.81 397.23 360.46
pa/MPa 17.38 23.94 19.79
bsr 0.738 0.566 0.670
Tgen/ C — 120.00 120.00
Pgen/kPa — 59.17 1784.91
Xud% — 40.00 60.00
Tned % 20.18 21.67 21.05
psicl(Fz70 KW1) 427111 3310.54 3735.30
Tl C 120.00 133.98 12058
i, IMW 2.42 2.60 2.52
Wi poc MW — 0.29 0.14
iheo, (kg §71) 51.70 33.33 4331
M (KG §71) — 0.94 1.35
Quoar MW 6.86 4.06 4.62
ic. ol (X 108 ) 10.33 8.60 9.42
fc,apcl (X 108 3£ 7t) — 0.36 0.28

R ERTR, B TR AR AR AW (6]
AL, S-CO/APC RGAMIE— S-CO, RAHA I
FERE O 77, AT DAR R PR FE R =i 8%
2.1.2 AR5 AT

TR H A g RIGEA B, ZEAE 3R
GUITELIR > A, W 3 . ST #— S-CO2 &
g, AHISAREECR, RS 35.3%,
X EEE TR B s . IS xR,
5 RGN 30.48%, HA A 1 AINHAES 2
439 & 22.16%7F1 8.32%. JNFAEE LURR ) 32 55
DRI A2 A G 22 KA st R b TR b,
— S-CO i& FHUMtE L HAB BB F 1, 5 RS
1) 12.39%, X FTE T TR R A i o
WMERK. HRMRIAS R LUK

X T S-CO2/APC R 4%, A1t iR =,
S-CO/LiBr-H,0 £%if1 S-CO2/NH3-H.0 ZR i 114
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5] 22.13%H11 20.54% . 58— S-CO, REHHEL,
Fri i1 S-CO/APC R4 T3/ T APC 1 2%
P> T 2] A%V FI AR I o N AR R R 45t A
S-CO./APC H G MM HESE 2 £, fE S-COof
LiBr-H,O R4l S-CO2/NH3-H0 R G 43 A
22.89%711 27.50%.

AL, 55— S-CO, ZGuHLL, S-CO/APC %
GHE MG PRI EAS 2, X FER R T #
T ZE N APC IHRTRFESE 3 47, 4351l 5 S-CO2/LiBr-
H.O0 R S-CO/NHs-H0 RGEMAH 19.98%
1 16.84%. R 12 WA, APC fEAHILS AT
72 MW DL ERFRAGE, HiERH DICA 0.29 MW

(XFF LiBr-H20 APC) 1 0.14 MW (X-F NH3- H.0
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Fig.3 The exergy loss distributions for different systems
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Tab.12 Optimal parameters and performance indexes of multi-objective optimization for different systems

B8 ¥i—S-CO» R4 S-CO./LiBr-H,0 #%; S-COx/NH3-H,0 % %;
TdC 398.67 430.20 426.23
pJ/MPa 21.47 22,50 22.39
#sR 0.62 0.55 0.56
Toen/ C — 118.93 114.80
Pgen/kPa — 52.69 248252
Xl % — 40.44 59.94
Hned % 19.18 20.70 20.17
psicl(FTC KW) 3455.43 3028.65 314361
TealC 141.20 154.18 150.93
W, /MW 2.30 2.48 2.42
Wi ppc IMW — 0.30 0.22
Meo, (kg 57) 35.08 29.52 30.17
Moapor /(kg 571) — 1.01 1.72
Qooer /MW 6.51 3.54 3.58
i, o (X 108 FE 1) 7.95 752 7.60
ic,apcl(X 108 3E 1) — 0.37 0.34
345 i (I, R T4 B 11.1506701 5.56%.
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