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Abstract
The Allam cycle is an oxy-combustion cycle for generating Received: 13 February 2024
electricity from natural gas with near-zero emissions. When SEEERIEeE LS AT AU
. S . Page Number: 109-120

the fuel is changed to liquified natural gas, the gas compression

work is reduced; therefore; the power plant cycle can be highly
competitive with the other conventional power plant cycles. In this
study, two alternatives for using cold energy during the liquified
natural gas regasification were investigated to reduce the CO;
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compression work. The results indicated that the direct heat Keywords:
integration of liquified natural gas regasification and liquefaction Allam Cycle,

of captured CO; in the Allam cycle leads to an energy saving of LNG Cold Energy,
46.34%. Additionally, the amount of captured CO: during indirect Carbon Capture and
heat integration of the Allam cycle with an organic Rankine cycle Storage,

is less than the direct method. However, this method is the best Compression Work,
choice for improvement, generating additional electricity and Heat Integration,
showing a 58% energy saving. Organic Rankin Cycle
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Figure 1. Schematic of the Allam cycle [13].

1. Working Fluid

2. Intercooler
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Table 1. Natural gas feed conditions [13]. _?\D

Natural gas conditions | Mole fraction o
Methane 89 :\

Ethane 7 \O

Propane 1 ;\

N

Composition Butane 0.1 \b
Pentane 0.01 N

N> 0.89 :

CO; 2

Temperature (°C) 15 _S
Pressure (bar) 70 QJ
Flowrate (kg/s) 16.52 j

DYYT A3 o g jlvdand Olud 5 .Y Jgaa 2

Table 2. Assumptions of the Allam Cycle simulation [13].

Simulation Assumptions

e, )

Adiabatic efficiency of pumps 75 % N
Adiabatic efficiency of compressors 75 % 1;
Pressure drop in heat exchangers 0 Bar “
Minimum heat exchanger temperature approach B3 K
(F) 5 (V) slosaz o b Sabnil oo S8 ol g [N ¥ lali oy g o b

*3‘“"°***i’°‘>)5'l GBS cogw L as (V) JS) rﬁﬂ i3> glwand mls

Pﬁj&:ﬁ@MAJdeYI&ﬁstwam@mY‘Jj.:;

Table 3. Comparison of simulation results for Allam Cycle in this study and reference.

Stream Simulation Flowrate Temperature | Pressure Mole fraction
(kgls) (°C) (bar)
This work 780.3 50 305 0.57 97.97 0.15 1.18 0.12
RES [13] 780.3 50 305 057 9788 015 118 021
This work 635.3 720 303 0.57 97.97 0.15 1.18 0.12
RE4 [13] 635.3 720 303 0.57 97.88 0.15 1.18 0.21
This work 612.8 45 305 0.53 85.01 0.13 1.05 13.27
ot [13] 612.8 45 305 0.53 84.94 0.13 1.05 13.34
This work 612.8 720 303 0.53 85.01 0.13 1.05 13.27
ox2 [13] 612.8 720 303 053 8494 013 105 1334
This work 1265 1152 300 0.53 91.88 6.36 111 0.12
Fe-t [13] 1264.7 1150 300 053 918 636 111 02
This work 1410 740 34 0.54 92.49 5.74 112 0.12
Fe-2 [13] 1409.6 740 34 0.54 92.41 5.74 112 0.2
This work 1410 55 33 0.54 92.49 5.74 112 0.12
Fe3 [13] 1409.6 55 33 0.54 92.41 5.74 1.12 0.2

(\&-€) R Y SN § S0 o)Lo.d'b_'o)l.k___:,-;u»‘_o_._\ Jlw = sl (owds (wddgeo A3 yuiss \\4

VAT 1o — oy Ko 5 Sgalls



)+q-1Y. Leeo — ,_',l)l&m 9 @Q.QUo

0000000000000 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

losliiwll gilo (2ab JB > a0 (5521 2LIL

EESCY

.&foYT&AJeAJSJng‘MfGAEGL.\“J‘Q.\?

Table 4. Comparative performance results of the Allam Cycle.

Parameter

Turbine power output

Cycle power output

Natural gas compression work

Simulation Power (MW)

This work 589.51
[13] 622.42

This work 513.40
[13] 514.24

This work 3.92
[13] 4.18
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Table 5. Simulation results of different heat integration methods and base case.

Direct integration

ORC integration

Base case
Wiimip 1579
Weon, 3033
= 0
Wirhine 0
Wotinip 0
Wiotar 4612
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650.9 913 kW
245 213 kW
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0 29.94 kW
24749 1935.64 kW
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Figure 6. Hot and cold streams in direct and indirect heat integration.
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Table 6. Final results of heat integration in the Allam Cycle.

Process Stream

Base case Al-2

Base case A2-3

Base case A3-4
Direct integration B1-2
Direct integration B2-3
Direct integration B3-2
Direct integration B3-4
Direct integration B4-5
Direct integration B4-6
ORC integration C1-2
ORC integration C2-3
ORC integration C3-4
ORC integration C4-5
ORC integration C4-6
ORC integration C5-7
ORC integration ORC pump inlet
ORC integration ORC pump outlet
ORC integration ORC turbine inlet
ORC integration ORC turbine outlet

Flowrate Temperature Pressure
(kgls) (°C) (bar)
16.52 -145.1 305
16.52 26 305
45.79 29 33
16.52 -145.1 305
16.52 26 305
45.17 29 33
45.17 -2.93 33
12.39 -2.93 33
32.78 -2.93 33
16.52 -145.1 305
16.52 -4.67 305
45.94 29 88
45.94 -2.53 33
17.46 -2.53 88
2848 -2.53 33
5.945 -88.97 1
5.945 -87.66 21.62
5.945 26 21.62
5.945 -88.97 1
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