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Table 1| Climate crisis impact of thermoelectric technology.

Power scale (kW,_) Examples Required device ZT Impact onclimate crisis
=1,000s Solar thermal ‘engine’ replacement >8-20 Highly unlikely
>10s Industrial waste heat, geothermal | Unlikely

bottoming cycles

0.5-several \iehicle waste heat, car cooling,/ »15-2 To be determined
heating, home co-generation

<0.5 Remote power, 'personal’ =>0.5-1 (almost) Mone
micropower, all existing applications
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Organic material ENRIFEATIZ KD
poly(3,4-ethylenedioxythiophene) (PEDOT) 1& - Z I\ 1 t 0) E}J %
55 “zjg%l{{ﬂ }
ZT — O 3 (CNT) poly(4-styrenesulfonate) (PSS) ’ ]?:itr:atmr;entgl?nt:n}dm >
ZT =0.42 (PEDOT:PSS)
AIST and Fuji Film, Japan Pipe et al. Nature Materials. 2013,12, 719.

Organic-Inorganic hybrid printing type thermoelectric material

ZT =0.41 (Sb,Te;), 0.31 (Bi,Te,)

* Flexibility

 High heat tolerance material

» Seebeck coefficient is low value

D. Madan, ACS Appl. Mater. Interfaces (2013), 5, 11872.
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Low thermal conductivity at 300K

0.5W/(m+K)
0.09W/(m-K)

CH,NH,Pbl,
CH,NH,Snl,

ZT7=0.13 (Carrier density)

Y. Takahashi et al., Dalton Trans. Vol.40, 5563(2011)
X. Mettan et al,, J. Phys. Chem. C, Vol.119, 11506 (2015).

Exp. n~10%’cm3
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Green Pb or Sn

Gray CH;3;NH;*

CH,NH,Pbl,

CH,NH,Snl,

Y. He, G. Galli, Chem. Mater. , Vol. 26, 5394 (2014)
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Carrier-type Tuning

== % Ve o < Csp1, — B-type thin films

U Y'¢ 1 > Csur, — p-type thin films

Toluene Coql: concentration of CsI
v Csul,’ concentration of Snl,

Carrier-concentration Tuning

. v'doping of Snl,,SnF, (p-type)

[ : :
1 {3 v"doping of Sbl; and Bil; (n-type)
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5. Halide Perovskites Based Thermoelectrics

Compared to thermal transport studies, investigations into the
thermoelectric performance of halide perovskites are still in its
infancy. While halide perovskites exhibit ultralow x and high See-
beck coefficient, the power factor and ZT are quite low in general

- due to their electrically resistive nature. The present thermoelec-

Wt Ty N, tric performance of halide perovskites is significantly lower than

P YIS S

10 < 1 “m i 0 " mt the state-of-the-art inorganic thermoelectric materials such as
TR e Bi,Te,;, Cu,S, SnSe, lead chalcogenides where the ZT value is
generally higher than 1.1'2%123] In the case of organics and hy-
' ' ' [124-1268) The current
. A ~ ) highest ZT for halide perovskites is in the range ~0.1.[%890.127]

organic metals and CNT composites , " : — :
V. g Since halide perovskite thermoelectrics is an emerging field,

ni nli | . . . . .

' it will take extensive efforts to improve their performance
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Electrical conductivity (S/cm) [90] 5. Saini, A. K. Baranwal, T. Yabuki, 5. Hayase, K. Miyazaki, MRS Adv.
2019, 4, 1719.
91] A. K. Baranwal, 5. Saini, £. Wang, D. Hirotani, T. Yabuki, 5. likubo,

[
m| *;J- ﬂﬁ —_ %_ﬂ%, IL j‘—_:/j ) b?&% % ;‘l;@ 1;;]- *‘I’ K. Miyazaki, S. Hayase, Org. Eleciron. 2020, 76, 105488.

DEFEEILFH, CMCHER (2017), p.27 Adv. Sci. 2020, 7, 1903389
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