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In photon enhanced thermionic energy converter using solar energy (afterward called as PETEC), higher 
theoretical efficiency can be obtained at lower operating temperature in comparison with conventional 
thermionic energy converter. To realize the high performance, optimization of the emitter temperature TE is 
important. In this study, numerical analysis of the output characteristics of PETEC with heat transfer 
system was carried out. As a result, in the case of p-Si emitter and solar flux concentration α=100, the 
efficiency of PETEC is improved to 22 % from 10 % with heat transfer system. 

 
 
1. Introduction 

TEC is direct electric power generation system 
using thermionic emission from a metal emitter. 
There are characteristics of thermionic energy 
converter (TEC): the output power density per unit 
area is high, and electric power generation is 
possible at rather high operating temperature 
(~2000 K). To decrease the operating temperature 
(~800 K), a semiconductor material is used as the 
emitter and photon enhanced thermionic emission 
(afterward called as PETE[1]) is adopted to TEC. To 
realize high efficiency in PETEC, optimization of 
TE is necessary. However, in the system of PETE 
that depends only sunlight as power source, the 
control of TE is difficult. To optimize TE, heat 
transfer system that is able to supply and recover 
heat is adopted to the emitter. Therefore, numerical 
analysis of the output characteristics of PETEC 
with heat transfer system was carried out in this 
study. 

2. Numerical analysis model 
As shown in Fig.1, the scheme of PETEC can be 

described in the next three processes, 1: electrons in 
the valence band of a semiconductor emitter are 
excited into the conduction band by photons with 
the energy higher than band gap Eg, 2: the excited 
electrons in the conduction band are thermally 
emitted to the vacuum when the thermally energy 
overcome the electron affinity energy barrier, 3: the 
emitted electrons are collected by collector and 
flow into the emitter through load, and electricity 
will be brought. In this model, TE is determined 
from the Eq.(1) of heat conduction for the emitter, 
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where, mE, cE, Qin, Qsup and Qloss(TE) are mass and 
specific heat of the emitter, the thermal input of 
sunlight, transfer power (heat recovery or heat 
supply) and thermal loss, respectively. To emit the 
electrons excited by internal photoelectric effect 
effectively, the optimum TE which is the 
temperature to give maximum efficiency is 
determined by a heat equilibrium condition between 
input to the emitter and thermal loss from the 
emitter. In the calculation, the surface area SE and 
the electron affinity χ of p-Si emitter and the 
collector work function Φc are 1 cm2, 0.4 eV and 
1.0 eV, respectively. 
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Fig.1. The scheme of PETEC with heat transfer system.



 

3. Results and discussion 
Figure 2 shows the calculated result of the 

efficiency of electric power generation η at each α. 
η increases with TE below the optimum TE, and 
decreases with TE above the optimum TE because 
the radiation loss from emitter surface increases 
largely with increasing temperature. η increases 
with α, the optimum TE decreases with increasing α. 
The optimum TE at α=1, 10, 100 and 1000 are 1267 
K, 1221 K, 771 K and 743 K, respectively. 

Figure 3 shows the calculated result of TE and η 
at α=1 and 1000. TE increases with heat supply Qsup. 
At α=1000 in comparison with α=1, higher η can be 
obtained at lower TE because the influence of the 
PETE effect becomes large at higher α.  

Figure 4 shows the calculated results of the 
optimum TE and η of PETEC with and without heat 
transfer system. In the case of p-Si emitter, most of 
the input power of sunlight is consumed for internal 
photoelectric effect. As the results, the TE dose not 
reach optimum TE enough to emit the excited 
electrons in the conduction band. However, electron 
emission will be improved by optimizing TE using 
heat transfer system. As shown in Fig.4, the η of 
PETEC without heat transfer system is 10 % at 
α=100, on the other hand, the η of PETEC with heat 
transfer system is 22 % at α=100 and Qsup=70 W.  
 

 
 
4. Conclusion 

Optimization of the output characteristics of 
PETEC with heat transfer system was considered 
by numerical analysis. Higher η can be obtained at 
lower TE because the influence of the PETE effect 
becomes large at higher α. In the case of p-Si 
emitter and α=100, the efficiency of PETEC is 
improved to 22 % from 10 % with heat transfer 
system. It is thought that PETEC is an effective 
device to convert the both energy of sunlight and 
exhaust heat from various engines, boilers, 
furnaces. 
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Fig.2. Efficiency as a function of emitter 
temperature in each solar flux concentration 
( χ = 0.4 eV, Φc = 1.0 eV ). 
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Fig.3. Emitter temperature and efficiency as a 
function of heat supply at α = 1 and 1000 
( χ = 0.4 eV, Φc = 1.0 eV ). 
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Fig.4. Emitter temperature and efficiency as 
a function of solar flux concentration 
( χ = 0.4 eV, Φc = 1.0 eV ). 


