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Abstract - Innovative technical process for Energy Storage System (ESS), Liquid Air Energy Storage sys-
tem (LAES) is mature technologies based on the gas liquefaction process. In spite of many advantages such as
high energy density, no geographical constraints, low investment costs and long useful life, the system has not
yet widely commercialized due to low round trip efficiency. To improve RTE and acquire high yield of liquid
air, various configurations of LAES process have been considered. In this research, dual refrigerants cycle
(R-600a and methanol) for air liquefaction and thermal oil circulation for power generation via liquid air gas-
ification have been applied to improve cycle performance significantly using Aspen HYSYS simulator.

Key words : Liquid Air Energy Storage (LAES), Energy Storage System (ESS), Dual Refrigerant cycle,
Thermal Oil Circulation, Power Generation
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Figure 1. Process flow diagram of LAES system (base case)

- 65 -

o

=
==

N

2832 A22A A43 20184 8



2=
Xo]'T':U .

==
LS

5

Table 1. Adiabatic efficiency and pressure loss of equipment

Equipment No. Parameter Value Unit
101/102/103 Adiabatic efficiency of air compressor 90 %
205 Adiabatic efficiency of gas turbine 90 %
201 Adiabatic efficiency of cryogenic pump 80 %
303/304/403/404 Adiabatic efficiency of R-600a and Methanol pumps 80 %
104/105/106 Pressure loss of air compressor intercooler 10 kpa
. 100 (liquid air) /
107 Pressure loss of main coldbox 10 (refrigerants) kpa
. 50 (regasified air) /
202/2 Pr loss of fi hy
02/203 essure loss of regasification heaters 10 (refrigerants) kpa
. Pressure loss of heat exchanger between thermal oil 20(regasified air) /
204 (Fig. 2) circulation and air 40(thermal oil) kpa
Adiabatic effici fth 1 oil circulati 1
902 (Fig. 2) diabatic efficiency ofthermal oil circulation cooler 20 %
pump
903 (Fig. 2) Pressure loss of thermal oil circulation cooler 10 kpa

THl $7F 5 AEshe dTEe] IPHI QU
¥ OE AXE N337]58 (Y: Liquid yield)()
2) BA A="loz fd 37 T d5372 A
AHe A& gujsi, ol 532 AAH
© TE&e dristy, Ar1s £ (2d) A= Ex
o] doltt. o] AxE Ad A5 F7E HY
8T A% Al B LA 0] e BT ghol
2t & 4 qlrh

E =FdA= 71A1E7] 100kg/s2] 974 frol
FAL F dud(107)E 53 AH=E A
shom, T E (108) FoolAM o4 A3tz
A== Y7 A29] 7]AF7](Stream 11, flashing
air) £ 19 ¢457) AEo g A8 AA 97 F<)
7(Stream 1) o SUFFo =M Qh=7] Ao &
dojmg] qts &8-S A7 AA st
< §%FS YA FAS e dEE A==

KIGAS Vol. 22, No. 4, August, 2018

23 dofjAl7 &8 A 3™

71234 AbolE & &o] R olfre AllF
W 2= 77 AlgkEe] gl7] |EZQldE, ol & A
Ask7] s o5 49 A Aol E W FellA
A3h= ¥ F(waste heat) T8-S 42 o|t)5]. 1
gt €9 dA A FHF AATY e Al
glo] EAjalof sh= Alefo] MEx vhE Ikl
LAES 79 280l A &t} oS agste] A
ol W HYEE &t e Iy, d5F
A F7IHE7] SEA7 A s 25 A
713 378 &8st THE FAATH

2 ZAL HY g7 25E =ole AR A
718} &5 7 WY T vtz & B oy
1], & =52 guAlf+ AR FF 28L& T
3 thFet HE o7 25 7ol VHede RoF
A &Rk 7] 47 S84 (104/105/
106)01 4 LA St= E-& DA A8 =Z901)<
dedo® ARgsta, 7tEd EuiARE HY A
An3t7)(204) E H3|E (closed loop) E w83}kl
25 AstE A fre Sz (902) & Bl <&
A A B Mk 3] REE ASATIEE 53

-

- 66 -



b Abol 23t Avh Al f # 82

F43 45371 A A 2H

pal

FARAL AT

=,

901

®

[Air Liquefaction Process]

<&
Ambient| < N T T T N <% Pt ?
Air Inlet U — -
& 104 105 106 108 L&
E 107
101 102 103 @ 903
! R-600a Methanol B4
[Power Generation Process] &—{ Refrigerant o Refrigerant
Cycle cle
O 6
303 403
902
301 302 401 402
404
304
aa =

n
Q

201

[N]
=1
@

205

Power
Generation
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Table 2. Heat and Material Balance (Base case)

5

(203) to coldbox (107)

Stream Description Pressure (kpa) Temperature Massflow
Number P P ©) (kgfs)
< Air liquefaction >
1 Air ingress (500) 100 15 93.23
5 Air ingress + Lf)w temperature residual vapor 100 53 100
air from coldbox
3 Ist air compressor (101) discharge 500 186.6 100
4 Ist air compressor intercooler (104) discharge 490 20 100
5 2nd air compressor (102) discharge 2,500 213.6 100
6 2nd air compressor intercooler (105) discharge 2,490 20 100
7 3rd air compressor (103) discharge 12,000 207.2 100
8 3rd air compressor intercooler (106) discharge 11,990 27.99 100
9 Main coldbox (107) discharge 11,890 -183.9 100
10 Joule-Thomson valve (108) discharge 200 -187.7 100
11 Liquid air storage tank (109) 200 -187.7 6.77
12 Low temperature residual vapor air from coldbox (107) 190 -129.3 6.77
< Power generation via air regasification >
13 cryogenic pump (201) suction 200 -187.7 93.23
14 cryogenic pump (201) discharge 2,200 -186.4 93.23
15 Regasification heat exchanger 1 (202) discharge 2,150 -67 93.23
16 Regasification heat exchanger 2 (203) discharge 2,100 18.76 93.23
17 Gas turbine (205) discharge 100 -138.8 93.23
< Refrigeration cycles >
R-600a from coldbox (107) to Regasification
1 2 - 14
? heat exchanger 1 (202) 0 60 0
R-600a from Regasification heat exchanger 1
2 2 -1 14
0 (202) to coldbox (107) 0 85 0
Methanol from coldbox (107) to Regasification
21 14 2! 2
heat exchanger 2 (203) 0 3 8
2 Methanol from Regasification heat exchanger 2 140 65 28
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Figure 3. HYSYS simulation of LAES system (base case)

Table 3. Cycle Efficiency (Base case)

Pre_ssure at Tem perature at Power production | Cycle efficiency
turbine outlet turbine outlet (kw) %)
(kpa) (C)
100 -138.8 13,847 24.05
200 -114.2 11,699 20.23
300 -97.35 10,220 17.61
400 -84.07 9,057 15.55
500 -72.96 8,083 13.82
600 -63.32 7,238 12.32
Based on 100 kpa turbine Out value Unit
Pressure
Cycle efficiency (1) 24.05 %
Liquid air yield (Y) 0.9323
Power input 57163 kW
Power generation 13847 kW
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Table 4. Heat and Material Balance (Thermal Oil Circulation case)

Stream . Temperature Massflow
Number Description Pressure (kpa) ©) (kels)
< Air liquefaction >
1 Air ingress (500) 100 15 93.23
5 Air ingress + Low temperature residual vapor air from 100 53 100
coldbox
3 Ist air compressor (101) discharge 500 186.6 100
4 Ist air compressor intercooler (104) discharge 490 20 100
5 2nd air compressor (102) discharge 2,500 213.6 100
6 2nd air compressor intercooler (105) discharge 2,470 20 100
7 3rd air compressor (103) discharge 12,000 207.2 100
8 3rd air compressor intercooler (106) discharge 11,990 27.99 100
9 Main coldbox (107) discharge 11,890 -183.9 100
10 Joule-Thomson valve (108) discharge 200 -187.7 100
11 Liquid air storage tank (109) 200 -187.7 6.77
12 Low temperature residual vapor air from coldbox (107) 190 -129.3 6.77
< Power generation via air regasification >
13 cryogenic pump (201) suction 200 -187.7 93.23
14 cryogenic pump (201) discharge 2,200 -186.4 93.23
15 Regasification heat exchanger 1 (202) discharge 2,150 -67 93.23
16 Regasification heat exchanger 2 (203) discharge 2,120 13.94 93.23
17 Air-thermal oil heat exchanger (204) discharge 2,100 293 93.23
18 Gas turbine (205) discharge 100 -2.394 93.23
< Refrigeration cycles >
19 R-600a from coldbox (107) to Regasification heat 200 60 140
exchanger 1 (202)
R-600a from Regasification heat exchanger 1 (202) to
20 coldbox (107) 200 185.1 140
Methanol from coldbox (107) to Regasification heat
2 exchanger 2 (203) 140 23 28
Methanol from Regasification heat exchanger 2 (203) to
22 coldbox (107) 140 60 28
< Thermal oil circulation >
Thermal oil from thermal oil storage tank (901) to
= air-thermal oil heat exchanger (204) 140 2949 %0
24 Thermal oil from 'fnr-the}‘mal oil heat exchanger (204) to 100 1823 %
circulation pump (902)
25 Thermal oil from circulation pump (902) 150 182.2 9%
to cooler (903)
Thermal oil from cooler (903) to thermal oil
26 storage tank (901) 140 % %0
KIGAS Vol. 22, No. 4, August, 2018 - 70 -
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Figure 4. HYSYS simulation of LAES system (Thermal oil circulation case)

Table 5. Cycle Efficiency (Thermal oil circulation case)

Thermal oil massflow Thermal oil Turbine inlet Turbine outlet Cycle efficiency
(kg/s) temperature (C) temperature (C) temperature (C) (%)
50 467.9 466.4 87.18 69.55
60 401.9 400 52.54 62.98
80 3223 321 11.88 5522
90 294.9 293 -2.394 52.47
100 2723 270.5 -13.81 50.28
Based on 50 kg/s thermal oil mass flow Value Unit
Cycle efficiency (7) 69.55 %
Liquid air yield (Y) 0.9323
Power input 56,367 kW
Power generation 36,848 kW
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