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Abstract 

The energy crisis and environmental pollution have stimulated researchers around the world to explore 

new energy sources and develop environmentally friendly energy conversion technologies. In the 

process of converting primary energy into useful energy, over 60% is discharged to the environment 

in the form of waste heat, which involves a vast amount of low-grade heat below 100oC. Low-grade 

heat recovery will significantly help reducing greenhouse gas emission and bring tangible economic 

and environmental benefits. The low-grade waste heat, which is abundantly available in the 

environment and even in human body, can provide an unlimited new energy source, while current 

technologies to fulfil heat-to-electricity conversion are still far from optimum. The thermopower 
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 (𝛼=∆��/∆��, V is the electrode voltage, T is the temperature) of conventional thermoelectric (TE) 

semiconductors is in a scale of 100-200 μV K-1, generating a low voltage when the temperature 

difference is small [1]. As a result, to produce a useful voltage of 1-5 V in low-grade heat regime 

requires either challenging integration of thousands of TE materials or DC-DC booster to increase the 

voltage, which decrease the system reliability and increase the total cost due to the complexity. Liquid-

based thermoelectrochemical cells (TECs) are attractive as their 𝛼 is one order of magnitude higher 

than those of TEs [2]. The incorporation of an electrochemical system also offers new opportunities 

to engineer the entropy change, thermal and electrical transport. However, the current TEC systems 

are either too costly or complicated, or too low in efficiency for economical deployment. This work 

reported a revolutionary electrochemical system named direct thermal charging cell (DTCC), using 

asymmetric electrodes of a graphene oxide (GO)/platinum nanoparticles (PtNPs) cathode and a 

polyaniline anode (PANI) in aqueous Fe2+/Fe3+ redox electrolyte via isothermal heating operation 

[3,4,5]. When heated, the cell generates voltage via a thermo-pseudocapacitive effect of GO and then 

discharges continuously by oxidizing the PANI anode and reducing Fe3+ to Fe2+ under isothermal 

heating on cathode side till Fe3+ depletion. The energy conversion works continuously under 

isothermal heating during the entire charge and discharge process. The system can be self-regenerated 

when cooled down. The synergistic chemical regeneration mechanism allows the device cyclability. 

DTCC achieves a high 𝛼 of 5.0 mV K-1 and the high energy conversion efficiency over 5% (>30% of 

Carnot efficiency), which is at the forefront performance compared with the existing TECs and TEs 

in the low-grade heat regime. This is the first demonstration of heat-to-electricity conversion 

undergoing isothermal heating and chemical regeneration, which revolutionizes the design of 

thermoelectrochemical systems; it is fundamentally different from the state-of-the-art technologies 

with power generation coupled to temperature differential. Additionally, it is a simple system with the 

basic unit sized only 1.5 sq.cm and thickness 1 to 1.5 mm. The cell is bendable, stackable, and low 

cost. This technology is expected to open new horizons for many applications. Currently, our team is 

collaborating with industrial partners to produce integrated prototypes with DTCC modules for 

recycling low-grade heat in various applications (e.g., air conditioners), with the aim of demonstrating 

the feasibility of commercialization. 
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