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Article Type This paper investigates and analyzes an advanced multi-generation combined system that utilizes liquefied natural gas
Original Research (LNG) as the primary energy source. The proposed system consists of a main Brayton cycle, a supercritical carbon

dioxide (sCO2) cycle, and two organic Rankine cycles (ORCs) as heat recovery subsystems. In addition, a water
electrolysis unit for hydrogen production and a reverse osmosis (RO) desalination unit are integrated into the system.
By exploiting the energy released from methane combustion in the combustion chamber, the system not only generates
145471 kW of net power, but also performs LNG regasification for injection into the urban natural gas network.
Simultaneously, part of the generated power is used to produce 43.1 kg/h of hydrogen in the electrolyzer and to
desalinate 30 kg/s of freshwater in the RO unit. A comprehensive energy, exergy, and exergo-economic analysis of the

system is carried out using the Engineering Equation Solver (EES) software. The results indicate that the integrated
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Fig. 1 Schematic of studied system
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Table 3 Component investment [16]

Number Component equations
1 © V4 711t PplnP
ompressor = n
p com (0. 9_— nmm) R R
: 46.081i,;
2 Combustion 7. = —;’1'7 [1+ exp (0.018T,, — 26.4
hamb 0.995 — 517
chamber ( P16)]
_ 47934, (P") 1+ 0.036T
3 Turbine wr = 0.9z — ) ™ \p, ) [1 T exp (0.036T;
—54.4)]
4 Heat exchanger Zyr = (30000 + 7504°81)
5 pump Zpump = (3540W°71)
6 PEM Zyer = 1000W,,,.,
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Table 1 Energy equation for components

Number Component Equations
1 Compressor 1 Wei = Titgir(hye — hys)
2 Combustion chamber Qin = Mee X LHV
3 Turbinel wy = tig,(hye — hys)
4 Heat exchangerl Q”m = 1itg, (hyg — hyo)
5 Compressor 2 Wez = Ticoz(hyz — hyy)
6 Turbine 2 Wy = titgga(h1g —hyy)
7 Heat exchanger 2 Quez = Meoa(hyg — hyy)
8 Pump3 Wp3 = titgpc(hy — hg)
9 Turbine3 Wr3 = titgpe(Ryo — hy7)
10 Heat exchanger3 Ques = opc(hy — hg)
11 Pump1l Wp1 = ticpa(hy —hy)
12 Pump2 Wpyz = ticya(hs —hy)
13 Heat exchanger5 Ques = Mcys(hs — hy)
14 Heat exchanger4 QuEa = Mpi3aa(has — hyz)
15 Turbine4 Wry = Tigiz3(hae — hys)
16 Pump4 Wpa = titgyz3(ha3 — hp;)

[VF] ezl 65,551 i ¥ Jgaz
Table 2 Exergy destruction of components [14]
Numb Comp t Equations

1 Compressorl Iy = W — (Exy6 — Exq5)

2 Combustion chamber I.. = Exy7 — (Exq4 — Exy;)

3 Turbinel Iy = (Exq7 — Ex1g) — Wy

4 Heat exchangerl Iy = (Exqg — Exy9)

5 Compressor 2 Iy =W — (Exy3 — Exq3)

6 Turbine 2 Iy = (Exyq — Exqq) — Wy,

7 Heat exchanger 2 Iygs = (Exqq1 — Exq3) — (Exp4 — Exy3)
8 Pump 3 I3 = Wp3 — (Exg — Exg)

9 Turbine 3 I3 = (Exqo — Ex;) — Wy

10 Heat exchanger 3 Iygz = (Ex; — Exg) — (Exy — Ex3)
11 Pump 1 Iy = Wy, — (Ex; — Exy)

12 Pump 2 Ly = Wy — (Ex3 — Exz)

13 Heat exchanger 5 Iygps = (Expq — Exy3) — (Ex19 — Exyq)
14 Heat exchanger 4 Typs = (Exzq — Exy3) — (Ex19 — Exyg)
15 Turbine 4 Iy = (Expq — Exp3) — Wiy

16 Pump 4 Iy = Wyyy — (Exp3 — Exz;)

17 Brayton cycle Ipp =TI+ 1gq+1yq+1y

18 CO2 cycle Ico, = Iz + Iz + Iypz

19 ORC; cycle Torc1 = Iz + Itz + Tygs

20 ORC: cycle Torcz = Ipa + Iypa + Ita

21 LNG line IinGiine = Ip1 + Iz + Inga

325 dadly 5l lgie s e gw (leend 5551 sl orize

O] 35 eslaiwl
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Table7 Cost of system components

Number Component Z [$/h]
1 Compressor 1 335.3
2 Combustion chamber 128.8
3] Turbine 1 1861
4 Heat exchanger 1 29.51
5 Compressor 2 26.07
6 Turbine 2 43.4
7 Heat exchanger 2 15.63
8 Pump 3 1.361
9 Turbine 3 64.59

10 Heat exchanger 3 4.207
11 Pump 1 6.36
12 Pump 2 26.67
13 Heat exchanger 4 3.659
14 Heat exchanger 5 6.9
115 Turbine 4 64.59
16 Pump 4 2.684
17 RO 89.45
18 PEM 172
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Table 4 Pressure, temperature and enthalpy validation [11]

. Pressure [kPa] Temperature [K] Enthalpy [Kk]/kg]
point This study Ozen,D.N Thisstudy Ozen,D.N This study Ozen, D.N
4 8200 8200 2433 2433 -259.8 -259.9
7 20 20 532.5 532.5 1147.6 1147
8 20 20 199.9 199.9 31.91 31.99
9 300 300 200 200 32.10 32.56
10 300 300 619.9 619.9 1393.5 1393
11 7380 7380 709.9 709.8 404.6 404.2
12 7380 7380 305 305 -128.3 -128.1
13 22140 22140 375.1 375.1 -87.11 -87.09
14 22140 22140 828.2 833.9 533.25 540.2

(V] e j3usnaSg o (gl 53 (s34ds5 lo8 oo el B Jgaz
Table 5 Validation of power output in turbines and compressors [11]

component Ozen, D. N Current study
Turbine 1 243044 242972
Turbine 2 31300 29672
Turbine 3 22129 22130
Compressor 1 130934 130924
Compressors 2 9430 9430
s-F

aslllae 350 a5y (s5lo e j osel szl idw ol 5
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Table 6 Production and consumption power of components

Number Component Power [kW]

1 Turbine 1 242972
Turbine 2 29672

3 Turbine 3 22130

4 Turbine 4 5159

5 Pump 1 488.5

6 Pump 2 3378

7 Pump 3 51.12

8 Compressor 1 130924

9 Compressor 2 9430

10 PEM 8998

11 RO 829.9
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Table 7 Cost rate of flows

Number c[$/G]] C[$/h]
1 9.87 6140
2 9.939 6191
3 10.42 6552
4 9.005 3522
5 7.09 2695
6 7.09 2466
7 84.74 1447
8 84.74 4481
9 84.88 4500
10 84.74 8875
11 29.35 9608
12 29.35 5248
13 30.71 6383
14 29.35 13054
115 0 0
16 3091 13286
17 24.36 29153
A 24.36 6980
19 24.36 338.9
20 24.36 40.92
21 7.09 15739
22 57.21 891.8
23 58.2 928.5
24 57.21 1312
25 57.21 58.5
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Fig.3 Effects of turbine 3 outlet pressure on (a) output power and exergy destruction rate (b) energy and exergy efficiency
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