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This study introduces a novel and integrated configuration aimed at the complete and maximum utilization of waste
heat in order to enhance exergy efficiency. In the proposed system, which is capable of simultaneous power and
hydrogen production, a high-temperature supercritical carbon dioxide (sCO,) cycle is directly integrated with a lower-
temperature Rankine cycle. The primary innovation of this system lies in its advanced internal heat management
structure, whereby the heat rejection process of the sCO, cycle is replaced by the evaporation process in the Rankine
cycle. This approach enables effective recovery of internal heat and its conversion into additional power output. A
portion of the net power generated by this high-efficiency thermodynamic system is fully allocated to a proton exchange
membrane (PEM) electrolyzer for green hydrogen production. To comprehensively evaluate the thermodynamic
performance and economic potential of the system, detailed exergy and exergoeconomic analyses are conducted. The
results demonstrate that the proposed integrated configuration significantly reduces total exergy destruction while
achieving a substantial increase in power output and elevating the hydrogen production rate to optimal levels. Overall,
this cogeneration system is presented as an efficient and effective solution for clean energy production from low-grade
thermal resources.
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Fig. 1 Schematic diagram of studied system
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Table 1 Energy balance equations [4,1]

NumberComponents Equations
1 WHE1 QwnEr = Mgys1(hs — hy) = my(hgy — hyy)
2 Turbinel Wiy = Mgys1(hs — he), hg = hs — (hs — hes)nry
8 HTR Qurr = Mgys1(hy — h3) = Mgy (he — hy)
4 LTR Qurr = msysl(ha —hy) = (msysl + msysz)(hs — hy)
5  Compressor We = mgysy (hy — hy), by = hy + (hys — hy)/0c
6 WHE2 QwrEz = Msysz(hyz — hyy) = my(hy — hy3)
7 Turbine2 ~ Wrz = Myysp(haz — hy3), hyz = hyz — (h1z — hiz)nirz
8 Mixer (msysl + msysz)hs = msyslh7 + msyszhm

Whump1 = Mgysz (hyq — hyo), hyy

= hyo + (h11s — h10)/Mpumpr
10 Cooler Qcooter = Msys2(h1p — hag) = Mo3(hos — ho3)
11 Evaporator Qg = (Mgyss + Mgyp)(ho — hy) = mope(hyg — hys)
12 Turbine3 ~ Wryz = moge(hi — h17), ha7 = hig — (hag — R1z5)M13
13 Condenser Qcondenser = Morc(R17 — h1s) = Moy (hoz — ho1)
W pump2 = Mogrc (his — hy4), hys

= hig + (hiss — Raa) /Mpump2

9 Pump1

14 Pump2

VPO cpags ooF oylad YY 0y93

pump 1

asllbo 390 @it Silosd 1 S

35995580 g ilSiniz g -¥-¥

0351 0ls3 353 Ll $e3 45 (Y] G wlalllae Y5
walaizlsy Jpame Az sdsi 4 Giegly ol 53 Lo cwl
hugi g3y Sl g ggeme I i3 &S @9 an
On 0SSy 5 Glomald 00 ST (63 (i 93 50 sl
> ¢lg plgie @ oy 5 WyguwpeS (Spae g s 5l
250 4 Sh olsi ol 380 S8 Lyt 53 e (S|
D9de Jaie pgigyy dilie glid Hi¥g,isl SO 4 padine
Ssi g g 3wl b ols B Juds 4 55Y9,)
GSLl (6551 s sl o3l wlgie 4l Sl igo
e i P Vb eag38l Gl b yame 4 pitucuw
b piese glojan adgi duiz (e ol el sl ol
42yl s Ghamocu g golai8l (LI g 03,8 LSS
am3e L3l

ol Jie 5 wilusyd -

WJsine g ($u900 wlidyd By b Gaisd aellhe ol 5o
V] 3900 plodil el oad osls (4l 45 55 45 jehailen
bty e allie ol 53 a2llae 390 38 (5l JSoaws oo (1)

S e, LG edls
B3 Syo Jole Jlw iy 5 iz (6358 s 51(V)
Sgb (e

bshs Ga)b 51 & Jole Jlwo 5l wlili g Llas il 51 (W)
390 B3 Bre (bie plyz b sladie 5 4y

Urte SyilSo udige sole doliole



av 1Fayhe 355 5 (S s = ond SO, (155 s 1 ool Uy 33 oyl 5 oS (5l o2 SaasisSy3ys¥1 5,551 ulond

[VeA] S szl ainie 26 ¥ Jgazr
Table 3 Cost functions of the cycle components [7,9,10]
NumberComponents Cost functions

1
Z; =479.34 X m,v"[m] X —In(PR7) x (1

1 Turbine nr)
+ e(0.036T(,=544))
1

2 Compressor Z¢=71.1 X my[————] X PR, X In(PR,)

0.92 — ¢
Heat
ea Z, = 30 x Mass;,
exchangers
4 Pump Zyump = 1120 X Wil
5 PEM Zppy = 1000 X Wppy,

D] sl g Loy g 5Lid oaniuw sLuiel ¥ Jg oz
Table 4 Pressure, temperature and enthalpy validation [1]
Temperature [°C] Pressure [MPa] Enthalpy [k]/kg]

point This study Ref. This study Ref.  This study Ref.
2 70.31 70.31 22.8 22.8 34247 342.47
3 131 131.00 22.8 22.8 477.3 477.29
6 3293 329.30 7.6 7.6 786.9 786.89
7 158.8 158.76 7.6 7.6 594.1 594.10
9 81.85 81.84 7.6 7.6 498.3 498.30
11 58.67 58.67 22.8 22.8 315.44 315.44
13 141 141.05 7.6 7.6 573.4 573.43
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Table 5 Production and consumption power of components

Number Components Power [kW]

1 Turbinel 514

2 Turbine2 154.7
3 Turbine3 63.16
4 Pump1 56.31
5} Pump2 13.47
6 Compressor 115.3
7 PEM 136.7
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Table 2 Exergy balance equations for components [7,8]

Number Components Equations
1 WHE1 Ey+Ej =Es+Eg +Epwhp
2 Turbinel Es=E¢+Wri+Epmy
3 HTR E¢+E3z =E;+Ey+ Epyrp
4 LTR Eg + E; = Eg + E3 + Ep i1
5 Compressor Eijq+We=E;+Epcy
6 WHE2 Ey+Egp =Ez +Egz+ Epwnez
7 Turbine2 Ey; =Ei3+Wpr+Epr;
8 Mixer Ei3 + E7 = Eg + Ep mixer
9 Pump1 E10 + Wpumpt = E11 + Ep pump1
10 Cooler E1p = E10 + Ep cooler
11 Evaporator E9 +Ey5 = E; + E16 + Ep pva
12 Turbine3 Eio=E17 + Wr3 + Epgs
13 Condenser Ey7+Eg1 =E1a+Eg2 + Epcon
14 Pump2 E14 + Wpump2 = E15 + Ep pump2
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