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Abstract : Solar energy is clean, open, and infinite, but solar radiation on the earth is fluctuating, intermittent, and unstable.
So, the sustainable utilization of solar energy requires a combination of high-efficient energy conversion and low-loss energy
storage technologies.  Hence,  a photo capacitor integrated with photo-electrical  conversion and electric-chemical  storage
functions in single device is a cost-effective, volume-effective and functional-effective optimal choice. However, owing to the
multiple  components,  multi-dimensional  structure  and multiple  functions  in  one  device,  especially  the  mismatch  of  the
functional modules, the overall conversion and storage efficiency of the photocapacitors is less than 13%, which seriously limits
the development of the integrated system of solar conversion and energy storage. To this end, two typical photocapacitors were
studied.  A  three-terminal  photocapacitor  was  integrated by  using perovskite  solar  cell  as  solar  conversion module  and
symmetrical supercapacitor as energy storage module. A function portfolio management concept was proposed the relationship
among various efficiencies during photovoltaic conversion and energy storage process were clarified. By harmonizing the
energy matching between conversion and storage modules and seeking the maximum power points coincide and the maximum
efficiency points synchronize, the overall efficiency of the photocapacitor surpassed 18 %, and Joule efficiency was closed to
90%. A voltage adjustable hybrid supercapacitor (VAHSC) was designed as energy storage module, and two Si wafers in series
as solar conversion module, a three-terminal photocapacitor was fabricated. The VAHSC effectively harmonizes the energy
harvest and storage modules, resulting in the current, voltage, power, and energy match between both modules. The optimal
photocapacitor achieved an overall efficiency of 15.49% and Joule efficiency of 86.01%, along with excellent charge/discharge
cycle stability. In addition, the Joule efficiency (ηJoule) was defined as the energy ratio of discharge/charge of the devices for
the first time.
Keywords : joule efficiency, perovskite solar cell, photocapacitor, silicon solar cell, supercapacitor
Conference Title : ICAMD 2023 : International Conference on Advanced Materials and Devices
Conference Location : Prague, Czechia
Conference Dates : September 04-05, 2023

World Academy of Science, Engineering and Technology
International Journal of Materials and Metallurgical Engineering

Vol:17, No:09, 2023

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 M
at

er
ia

ls
 a

nd
 M

et
al

lu
rg

ic
al

 E
ng

in
ee

rin
g 

Vo
l:1

7,
 N

o:
09

, 2
02

3 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/a
bs

tr
ac

ts
/1

68
79

0.
pd

f

ISNI:0000000091950263International Scholarly and Scientific Research & Innovation 17(09) 2023 1

https://publications.waset.org/abstracts/168790.pdf

