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PTES in a nutshell

Electric generation
heat engine
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Generating cycle
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Heat Pump Cycle Overall Process Power Cycle
e COP = Qh/Echg RTE = Egen/Echg e Efficiency = Egen/Qh
Ideal COP = 1/(1-Tc/Th) = COP x Efficiency Ideal efficiency = 1-Tc/Th
— - o
Ideal cycle RTE = COP¢_ 1ot X Ncarnot = 100%
Non-ideal It in RTE ~60% d io ECHOCEN
- on-ideal processes result in o, even at modest temperature ratio 70T S S0
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Cycles on a PH diagram

HTX heat transfer is
supercritical - sensible RCh HTX
enthalpy transfer N - —_
interaction with HTR T

LTX is subcritical —
condensation and
evaporation - ~ constant

temperature interaction
with LTR

Pressure (MPa)

—e—Charging

—e— Generating

Enthalpy (kJ/kg)
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ARPA-E DAYS Program — PTES lab system

CO, heat pump
' & power cycle

~200 kW4, system, including both
charging and generating cycles

Operating for ~ 6 months, repeated
charge/generate cycles

Basic cycle and thermal reservoir
experience and data

Operation and control methodology
development and optimization
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Lab-system configuration — Charge cycle

)

ey
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Compressor
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Lab-system configuration — Charge cycle

HTRh

HTX2 T~ ~1 HTX1
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Lab-system configuration — Charge cycle
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HTRc HTRh

HTX2 T~ HTX1

Electric heater

RCX
LTRh

Compressor
(Hydropac)
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Valve
LTRc
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Lab-system configuration — Charge cycle

Compressor
(Hydropac)

LTRc
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Lab-system configuration — Charge cycle

2020-11-12, 11:00:00 to 11:02:00 [ —

P (MPa) | T(°C)

102.0% eff

-22.31 kW -66.06 kW

HTRh
0.33]216.15

HTRc

0.33|71.76 0.33]111.09

0.245 kgls

HTX2 HTX1

17.07 | 114.60

17.07 | 80.11 17.16 | 288.20

17.07 [ 1217
0.000 kgls

-48.20 kW | | 17.21297.98
16.99 | 11.51 Electric heater 50.31 kW
3.28 KW/K
99.6% eff 17.92 kW

17.63 | 149.95

2.33|-8.56

LTRh

4.38 kg/s
0.16-2.18 16.98 | 0.57 Compressor
>
- 67.47 KW (Hydropac)
0.16]-2.53

3.82°C superheat

ke vave ECHOCEN
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Lab-system configuration — Generate cycle

Throttle valve
(turbine)
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Lab-system configuration — Generate cycle

LTRh

LTRc
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Lab-system configuration — Generate cycle

2020-11-12, 14:00:00 to 14:02:00

P (MPa) | T(°C)

2.86 kW/K
98.5% eff

-34.80 kW

-35.97 kW

HTX1

17.30 | 63[13 17.301117.8 17.27 | 212.54

17.35 | 6545 Throttle valve
ool (turbine)
RCX

3.89 514,40 4.051170.99

233.02 kW

LTRh

]7

5.48 kgls
-1.42°C

90.3% eff
1.29 KW/K

ACC
17.36 | 11[91

5.86 kW

-223°C -63.38 KW

LTX

3.83 | -1.9 *
() ECHOGEN
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Work in progress & next steps

)
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« HTR — Sand-based reservoir installation
« HTX - Fluidized bed heat exchanger

« |OC - Ice-on-coil LTR

« Axial compressor (100+ MW)

« 25 MW/ 8-hour system
preliminary design
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Contact: Timothy Held, Ph.D. (CTO) theld@echogen.com
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