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ABSTRACT Liquid air energy storage (LAES) using gas liquefaction has attracted considerable attention because of its mature
technology, high energy density, few geographical constraints, and long life span. On the other hand, LAES has not yet been
commercialized and is being developed recently. Therefore, few studies have performed an economic analysis of LAES. In this study,
the levelized cost of electricity was calculated and compared with that of other energy storage systems. As a result, the levelized cost
of electricity of LAES was $371/MWh. This is approximately $292/MWh, $159/MWh, $118/MWh, and $3/MWh less than that of the
LiCd battery, VRFB battery, Lead-acid battery, and NaS battery. In addition, the cost was approximately $62/MWh and $195/MWh
more than that of Fe-Cr flow battery and PHS. Sensitivity analysis of the levelized cost of electricity according to the main economic
factors was performed, and economic uncertainty analysis was performed through a Monte-Carlo simulation. The cumulative
probability curve showed the levelized cost of electricity of LAES, reflecting price fluctuations in the air compressor cost, electricity
cost, and standing reserve hourly fee.
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Nomenclature BPV : by-product value
ADJ : adjustment CC  : carrying charge

BBY : balance beginning of year CP + cumulative probability

BD  :book depreciation CRF : capital recovery factor

DC :direct cost
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NiCd  : nickel-cadmium

MACRS : modified accelerated cost recovery system
NaS : sodium-sulfur

00 : other outlay

: other taxes and insurance

PEC : puchased equipment cost

PFI : plant facilities investment

PHS : pumped hydroelectricity storage

: standing reserve hourly fee

SRP : standing reserve payment

: standing reserve scheduled capacity
TCI : total capital investment

TCR  : total capital recovery

TDI : total depreciable investment
TRR  :total revenue requirement
TRRL :levelized total revenue requirement

TXD  :tax depreciation

VRFB : vanadium-redox flow battery
Subscript

a : annualized

ce  :common equity

d : debt

FC : fuel cost

j : jth year

L : levelized

m  :number of discharge cycles per year

n : operating year

OMC : operating and maintenance cost

ps  :preferred stock

R : replacement

t : tax rate
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Table 1. Cost estimation method for capital purchased
equipment cost

Item Number Method
Turbine 205 . /01\'/131/5[ ff\fg]
Cryogenic pump 201 HY?;((]SC;HO
R-600a pump 303, 304 HYISAZSC];IIO
Methanol Pump 403, 404 HY?AZSCEJ]IO
Thermal oil pump 902 mizigflo
Air compressor intercooler 104, 105, 106 HYISAZSC];IIO
Main coldbox 107 g/ﬁ%l\[?ﬁ
Regasification heat exchanger 202, 203 miziglo
Air—thermal oil heat exchanger 204 HY?;((]SC;HO
Liquid air storage tank 109 HYISAZSCI;IIO
$ 613,500
Thermal oil storage tank 901 Hacf%ifolf‘féld
Fab Type
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Table 2. The economic index for economic analysis

Contents Unit Value
Annual inflation rate % 2.5
Discount rate % 8
Common | Financing fraction % 50
equity Required annual return % 8.0
Debt Financing fraction % 50
Required annual return % 8.0
Discharge hour hr 6
Capacity factor % 25
Power plant net power kW 36,850
Plant lifetime years 30
Construction year years 2
Electricity price $/kWh 0.06
Power consumption kW 56,677
Storage time hr 8
Labor number persons 20
Average labor rate $/hr 28
Working hour hr/year 480
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Table 3. Cost estimation ratio for total capital expenditurem]

Contents Unit | Value | Base
Purchased equipment installation % | 20,0 | PEC
Piping % | 10,0 | PEC
Instrumentation & control % 7.0 | PEC
Electrical equipment and materials % | 10,0 | PEC
Land cost % 10.0 | PEC
Civil, structural and architectural % | 30,0 | PEC
Service facilities % | 30.0 | PEC
Engineering and supervision % 9.8 | DC
Construction cost & contractors profit % 11.9 | DC
Contingency % | 15,0 | DC
Fixed operating and maintenance % | 1.29 | FCI
Various operating and maintenance % 9.0 | FOM
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