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ABSTRACT

This study presents the modeling and performance evaluation of a hybrid power generation system combining an Alkali Metal
Thermal to Electric Converter (AMTEC) with a Thermoelectric Generator (TEG). The objective is to improve the utilization
of high- and mid-temperature thermal energy by coupling AMTEC with TEG, thereby recovering residual heat from the
AMTEC condenser for additional power production. A system-level simulation was developed using a Modelica-based platform
(Dymola/OpenModelica), incorporating the interactions among the Thermal Energy Storage (TES), AMTEC, and TEG modules.
The AMTEC model demonstrated accurate thermal and electrochemical behavior, showing less than 0.5 °C temperature deviation
compared with experimental data and a power prediction error of approximately 6%. The TEG model reproduced experimental
results with an error below 17%, depending on the imposed temperature gradient, with aluminum-based fins achieving the
highest efficiency due to increased heat transfer area. Simulation results confirmed that the integrated TEG provides an
additional 10% of the power output relative to the AMTEC cell generation alone, indicating a meaningful enhancement in
overall system efficiency. The proposed hybrid configuration thus offers improved energy conversion performance while
maintaining structural simplicity and reliability. This approach highlights the potential of AMTEC-TEG coupling as a
next-generation power technology applicable to high-temperature energy storage, solar thermal systems, and advanced nuclear
reactors. Future work will focus on extended experimental validation, material durability assessment of electrodes and

electrolytes, and system-level optimization to further advance the commercialization of hybrid AMTEC.
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Table 1 Boundary condition of TES model
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Parameter Value
Mass flow rate 0.4 kg/s
Heat Source -
Temperature 600 C
Mass flow rate 0.0002 kg/s
AMTEC -
Temperature 30 C
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Table 2 Boundary condition of TEG

Base of TEG Th - Te (C)
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Al base 20mm pin 30mm 55
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65

40
Al base 10mm pin 30mm 55
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Table 3 Experimental data of thermoelectric properties
T (K) (#V/K) (WV/K) (10-3Qem) | (10-3Qcm)
298 173 -209 0.927 2.38
323 185 =213 1.015 2.61
348 194 =210 1.198 2.79
373 200 -201 1.415 2.90
398 203 -187 1.632 2.94
423 204 -171 1.834 2.92
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Table 4 Outlet temperature value of TES
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Table 5 Resutls of experiment and Dymoal analysis

o~ | Experiment Value | Calculated Value
Base of TEG [Ty - T. (C

RO W W)

Al base 40 0.60582 0.581
20mm pin 55 1.082557 113
30mm 65 1476333 127

Al base 40 0.60384 0.572
15mm pin 55 1.0035 1.09
30mm 65 1.38208 121

Al base 40 0.6027 0.577
10mm pin 55 0.96723 1.05
30mm 65 1.36038 115

Al base 40 0.59605 0.564
15mm pin 55 0.95697 102
20mm 65 13376 111

Cu base 40 0.58548 0.558
15mm pin 55 0.96184 1.03
30mm 65 134322 115
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