—— A‘Liquid Air Combined Cycle
Hybrid Energy Storage
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Energy Storage Trade Offs @
<>

Hybrid Adds Fuel or heat

Charging Process Storage Medium Discharging Process

e Charging duration (power& * Safety e Power output

e Duration (quantity of energy)

efficiency) e Cost per unit of power output

e Density (Volume, acreage)

* Cost per unit of power in » Efficiency (electricity per unit of

* Cost and availability of container

 Efficiency per unit of energy in stored energy and fuel energy)

* Media cost per ton/gallon
* Mass/energy/exergy leakage rate

* Standby energy needs
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ASME PTC-53 Metrics: Both Hybrid and Pure-play

75 Discharge power (MW)
_ _ CAPEX of discharge process (S/kW)
tp Discharge duration (h)
P Charge electric power (MW)
_ CAPEX of charge process (S/kW)

tc Charge duration (h)
E-=P t Charge electric energy (MWh)

© e _ _ CAPEX of storage reservoir (S/kWh)
Ey=Pptp Discharge electric energy (MWh)
FHR = Qp/E, Fuel Heat Rate (MMBtu/MWh), Marginal Cost of Energy (S/MWh)

= FHR * Fuel Cost + PER * Power Cost

PER = E//E, Primary Energy Rate (MWh/MWh),

PER impacts CAPEX of charge process and

(inverse Round Trip Efficiency) _
storage reservoir

Low TR increases Capacity Factor < (1-TR)
= = PE i
1T = ) dp = (PEER g T e e (lih) Low TR increases Park Spread (lowers Power
Cost)
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DOE and Industry Support for Hybrids

DE-FE0032016
Liquid Salt Combined Cycle

Pilot Plant Design

Flue Gas

Electric Power Research Institute
Pintail Power LLC

Southern Company
NexantECA
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DE-FE0032002
Liquid Air Combined Cycle
Design Optimization
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Southwest Research Institute
Pintail Power LLC
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Hybrid: Liquid Air Combined Cycle ™ (LACC)
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Issued Patents

US: 10,473,029; 10,738,696; 11,053,818;11,073,080; Europe: 3090198; 3365536
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Liquid Air Combined Cycle (LACC ™) Hybrid

30,000

© 2021 Pintail Power LLC

MWh/acre

Safe high-density storage
Daily/weekly/monthly/seasonal
Standard cryogenic refrigeration plant
Bullet or above/in-ground storage tanks

Couples to any gas turbine or high-grade
heat source

Condensate recovery
e Uses Higher Heating Value
* Potential closed-loop electrolysis
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—PINTATLY) LACC Thermal Performance (Ebsilon

OWE

Gross LHY Heat Rate: 4477.82 kJ/kWh

T 15000 C 5
o | DA kikg Gross LV Heat Rater 4244.16 BluidVn Gross Power: 114056.1 kW
RH 0.600 - ° gls
: » Net LHV Heat Rate: 4550.45 kJ/kWh Net Power: 112235 6 kW
sEes e Net LHV Heat Rate: 4313.00 Btu/kWh ; :
» - Gross LHV Fuel: 510.72 MJ/h
50.000 | 285,381 Electricity to Produce Liquid Air at 400 kWh/kg: 112320.00 kW Gross LHV Fuel: 484 07 MMBtu/h
bl 0.000 kg/s Net Primary Energy Rate:  1.00 kWh(in)/kWh(out)
Net Specific Air Consumption:  2.50 ka/kWh
(A 575 032 Frwmw] 1013|4068
— A 9626.032 n? A 29404 284 n? T T i
Wet bulb ternperature SGT-800
— » = L ;—
P 1.018 bar
T 565.498 "C
;—ml | 1.013 |172_316
535 kgl
XNZ (mol) 72756 % l I | 41123 | 4.843
XO2Z (mol) _ 13.634 % v
XH20 (mel) 12714 % I I
XCOZ (mol)  0.025 %
AR (moly  0.871 % I I
. .
%lxl &
T
| 4596 [1061.673
| » » | 210208 | 44889
F 1 Wat
i - I —yvater
! 0 b
! : v 95417 | 48.248 #{\ — Flue Gas
A 75846 | 34580 94.617 | 66.951
1013 | —1454 68174 | 8054 5 - - 5206 | 44550 ———Ethane
—195.000 78.000 —192.432l 78.000 I v Ai
B - ir
D— — - __@_’. >— —-7|/_— - —Electric
Liquid Air from Storage Tank T 67.374 |281 351 Shaft
- - —
AT | —80.000 | 78.000 ¥ a'd A
2996 |501.280 Iquia AIr
—65.767 | 44.889
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Liquid Salt Combined Cycle ™ (LSCC) Hybrid
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Renewable
Power

* Compact, Low-cost Storage
; » $20-530/kWh-AC marginal CAPEX
« >700 MWh/acre
* Intra/Inter-day (8 to 24 hours)

Electric
Heater

* Superior Grid Coupling

Saturated
Steam

2

* Fast charging + ancillary services
§ § é é | Fiue Gas * No rate/state of charge constraints

— Generator Combustion

Turbine
s <pcthested | * Fast discharge startup
J s - Feeduter * Deployable now
/CZ:\ e Add to existing gas turbines
» Discharge Power * Proven equipment, modest pressure &
U.S. Patents 9,816,490; 10,113,535; 10,808,685, temperature conditions

10,982,570; others pending in US, Europe
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Hybrids: Cheapest Way to Decarbonize

Hydrogen @ $1.5/kg (S11/MMBtu); N.G. @ S3/MMBtu,; + CCUS

300.00 -
» Cyclic duty challenges
— $250.00 e 3P+ RH CC?
= » CCUS?
< $200.00
v —Case 5 -SC Aero
>
%" $150.00 —~Case 6 - SC F-class
—_—
i —Case 8 - CC H-class
“= $100.00
+ — —Case 9 - CC + CCUS
S $50.00 LSCC Aero Add-on

10% 20% 30% 40% 50% 60% 70% 80% 90%
Capacity Factor

Sources: EIA 2020 S&L Cost and Performance Report, Pintail Power
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Bill. Conlon@PintailPower.com

http://www.PintailPower.com

@pintailpower
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