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In this study, a thermal-balance model is established for energy calculation of a 
new solar-fuel assisted thermophotovoltaic system, which could save fossil fuels 
and improve the grade of solar energy. The coupling effects of key parameters such 
as concentrate ratio, absorber area, emitter area, etc. on the system efficiency are 
determined. Besides, the effect of solar energy on the fuel saving is investigated. 
The results show that the solar-fuel assisted thermophotovoltaic system cannot 
only increase the output power of photovoltaic cells by nearly 25 kW/m2 com-
pared to fuel-driven thermophotovoltaic but also increase the electrical efficiency 
by nearly 10 percentage points. Furthermore, it also saves fuel by up to 76%. It is 
pointed out that improving the absorptance of solar absorber is the key for system 
optimization. This study provides a reference for the design and application of 
solar thermophotovoltaic technology.
Key words: solar energy, thermo-photovoltaic, solar-fuel assisted,  

parametrical analysis

Introduction

The development and recovery of the world economy under the epidemic environ-
ment have created a large demand for fossil fuels [1], and the consumption of fossil energy has 
also caused great challenge to environmental protection. In order to achieve the goal of carbon 
neutrality, on the one hand, it is necessary to develop and utilize renewable resources such as 
solar energy [2]. Considering the supply discontinuity of solar energy, the use of solar energy 
and fossil fuel for complementary energy supply is also a key measure to achieve stable utili-
zation of solar energy and save fossil energy under the current technology state. On the other 
hand, the development of new energy conversion technologies has greater potential in energy 
efficiency, which is conducive to the development and utilization of renewable energy.

Thermophotovoltaic (TPV), a potential new power generation technology, could con-
vert the thermal energy generated by solar radiation or fuel combustion into radiative energy 
with adjusted spectrum, which further generate electrical energy through photovoltaic. The 
TPV also has many advantages such as low noise, light weight, high energy density, and flexi-
ble fuel adaptability [3]. A typical TPV system consists of a heat source, emitter, filter, and PV 
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cell [4]. Fuel-driven TPV heats the emitter via the thermal energy from combustion chamber, 
thus the emitter can generate spectral radiation in a suitable waveband for PV cells [5]. If con-
centrated solar radiation is used as a heat source, solar thermophotovoltaics (STPV) is formed 
[6]. The theoretical thermodynamic efficiency of STPV can reach 85% [7]. Furthermore, the 
energy conversion efficiency of more than 50% can be achieved through practical design of 
selective absorber and emitter [8], showing great application potential.

For STPV system, the selective absorber or emitter based on micro/nanostructured 
materials plays an important role in the system performance [9], Nam et al. [10] designed a 
planar STPV based on 2-D Ta photonic crystals and series filters, achieving a numerical effi-
ciency of 10% at 1400 K. Ni et al. [11] designed a STPV for low solar concentration, besides, a 
cavity-structured reflector is set in front of the absorber to recycle the infrared photons emitted 
from the absorber top surface, it presented a simulated efficiency of 17.4% at 50 concentration 
ratio. The selective absorber and emitter based on tungsten spheres and SiO2-coated substrates 
designed by Chen et al. [12] can be used to match InGaAsSb PV cells. Through numerical 
calculations, the total STPV efficiency increases from 10.4-20.3% when the incident solar con-
centration ratio increases from 1-100. For experimental studies, a system efficiency of 3.2% is 
obtained using a photonic-crystal emitter by Lenert et al. [13]. Ungaro et al. [14] constructed 
STPV devices with nanostructured tungsten as selective absorber/emitter and GaSb cells, and 
obtained an experimental efficiency of 6.2%. Recently, Bhatt et al. [15] used two Si3N4 nanolay-
ers with an intermediate W layer to form an emitter to fabricate a planar STPV system matching 
GaSb cell, it shows a system efficiency of 8.6% at 1670 K. Due to various losses, the highest 
experimental efficiency of STPV is only 10%. However, the recent experiment by La Potin et 
al. [16] determined that the TPV efficiency can reach 40%, which fully demonstrates the devel-
opment potential of TPV and STPV in the future.

Moreover, due to the discontinuity of solar energy, STPV system needs to be designed 
and optimized. Seyf et al. [17] proposed to use high temperature silicon as thermal storage 
medium for STPV. Recently, Chen et al. [18, 19] proposed to use conventional molten salt 
energy storage mode for STPV power generation, and the related solar absorber and emitter are 
designed to achieve a system efficiency of 29% under medium temperature conditions. From 
another perspective, the discontinuity of solar energy can be overcome by complementing with 
fuel. Since the combustion of fossil fuel can generate high temperature, the complementation 
of solar energy and fossil fuel can effectively improve the quality of solar energy and improve 
its conversion efficiency. There are many similar studies on thermal power cycle. Rovira et al. 
[20] designed a solar-fuel assisted combined cycle and found that after preheating air and then 
introducing it into the combustion chamber, not only the fuel consumption can be reduced, 
but also efficiency of thermal power cycle can be improved. Li et al. [21] used solar energy as 
medium-temperature heat source for steam turbine generator and found that the power gener-
ation efficiency can be improved. Therefore, it can be determined that the combination of fuel 
combustion and solar energy for TPV has a distinct application value. In terms of fuel-driven 
TPV, Li et al. [22] proposed to use porous media as the heat source for micro-combustion TPV 
and use H2 as fuel. Bani et al. [23] further conducted experiments and numerical simulations for 
similar devices. In addition, Mustafa et al. [24, 25] innovatively used kerosene and vegetable 
cooking oil blends as fuel to conduct experimental research on TPV power generation. Kang et 
al. [26] used CH4 as the fuel, and experimentally verified that the use of selective filters could 
improve the performance of TPV with SiC emitter. Recently, Peng et al. [27] demonstrated 
that H2/C3H8/air premixed combustion can be used for micro-TPV, which can enhance flame 
stability and heat transfer performance. Based on fuel-driven TPV system, Shan et al. [28] pro-
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posed an innovative integrated system between oxy-fuel TPV device and a Brayton-Rankine 
combined cycle, which showed higher system efficiency by 20% than the power cycle with 
similar parameters. Besides, they further [29] proposed a cascade TPV system based on oxy-fu-
el combustion, which was found to be effective in improving efficiency through optimization 
analysis. It can be seen that although much research on STPV and fuel-driven TPV has been 
done, there is few studies about solar-fuel assisted TPV system. It can be determined that the 
TPV with the complement of fuel combustion and solar energy has the advantages of increasing 
air preheating temperature, saving fossil fuel, overcoming solar instability, and improving solar 
energy conversion efficiency. Thus, it’s necessary to conduct relevant research. In addition, it 
should be noted that most previous studies have used commercial software in the numerical 
simulation and optimization of TPV device. Moreover, most recent studies focus on individual 
combustion processes [30, 31] or emitter design [32], with few optimization calculation studies 
considering the combination of combustion and thermal balance modelling.

Against the previous background, this paper presents a parametric analysis of a novel 
solar-fuel assisted TPV system. The innovative work is: 
	– A new solar-fuel assisted TPV device is proposed, which overcomes the disadvantage of 

solar instability and enhances the potential of low grade solar energy utilization. 
	– A physical model based on thermal balance is developed for system parametric analysis. 
	– The synergistic effects of key parameters such as concentration ratio, receiver area and 

emitter area on TPV efficiency are investigated, and some recommendations for practical 
application are summarized. 

It is found that the addition of solar energy can increase the output power of TPV and 
improve its electrical efficiency by up to 10 percentage points, besides it can also save up to 76% of 
fuel. This study also provides a reference for the design and application of solar TPV technology. 

System models and methods

Solar-fuel assisted TPV system	

Figure 1 shows a simplified schematic diagram of a solar-fuel assisted TPV system. 
It consists of solar collector, combustion chamber, emitter, filter, TPV cell and cooling system. 
The air is heated by the concentrate solar radiation through solar absorber in the air preheater 
before entering the combustion chamber, and then enters the combustion chamber to assist the 
combustion of fuel oil. The outer wall of the combustion chamber is fitted with an emitter made 

Figure 1. Schematic diagram of solar-fuel assisted TPV system
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by SiC material to generate radiative energy Prad, which Prad passes through the filter and releas-
es the short-wavelength radiative energy Pflt matching the band gap of the PV cell. Meanwhile, 
the long-waveband radiative energy Pback that does not match the PV cell returns to the combus-
tion chamber. Eventually, Pflt reaches the surface of the PV cell. This progress not only elevates 
the temperature of the emitter, but also helps to increase the output power of the PV cell and 
improve the system efficiency. Moreover, the PV system is equipped with a circulating cooling 
system. The cooling water flows over the backside of PV cell and maintains it in an optimal 
working condition, avoiding the temperature rise of the PV cell [33]. Moreover, the high tem-
perature flue gas from the combustion chamber enters the heat exchanger for further utilization.

Solar collector model

Solar collector generally consists of concentrator and receiver. The concentrated solar 
radiation is absorbed by solar absorber, which converts the solar energy into heat energy and 
transmits it to the working fluid. The air preheating process in a solar collector can be defined 
by eqs. (1)-(3). In this study, only the effect of radiation heat transfer on solar collector is con-
sidered since it is the main energy transfer form:

( )4 4
ab sol 1 a 0P P S T Tσαρ= − − (1)

( ) ( )
air

0

air aab air ir0 air d
T

p
T

P m Cm h h T− == ∫  (2)

sol 1P CGS= (3)
where Psol is the input solar power, Pab [W] – the absorbed power, G – the unit solar radiation, its 
value is 1000 W/m2, C – the concentrated ratio, and S1 [m2 ] – the absorber area, and Tab, T0 [K] 
are the absorber surface temperature and ambient temperature. The heat transfer coefficient, Ec, 
between the working fluid and the surface of solar absorber can be expressed:

air 0
c

ab 0
 

T T
E

T T
−

=
−
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Combustion chamber model

In this study, the fuel input power is set as 10 kW, and the fuel oil could be regarded 
as n-octane (C8H18), its low level calorific value is 44791 kJ/kg, and the excess air coefficient is 
taken as 1.1 [28]. The calculation method of the energy-balance model for the whole combus-
tion chamber relies on our previous study [29]. The combustion chamber is simplified as mul-
tiple juxtaposed cylinders with a radius of 0.025 m to increase specific surface area. According 
to the energy balance, as shown in fig. 1, the total energy input to system is the sum of solar 
energy and the fuel input energy:

in fuel sol  P P P= + (5)
The input energy of the fuel:

ffue el u l P LHVm=  (6)

The ratio r of solar energy to fuel input can be expressed:
sol

fuel

P
r

P
= (7)
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The adiabatic flame temperature can be expressed by the eq. (8), and the enthalpy of 
combustion flue gas is defined [34]:

( ) ( )
af

0

af 0 f ac lp ue bcp cp d
T

p
T

h h C t P Pm m− = = +∫  (8)

The thermal balance between the high temperature flue gas inside the combustion 
chamber and the emitter radiation is shown below and it is considered that the combustion 
chamber wall temperature, Tw, is approximately the same as the emitter wall temperature, Tem:

( ) ( )4 4
flt sys g w 2 g w 2 P T T S h T T Sε σ= − + − (9)

( )
af

out

flt cp cp d
T

p
T

mP C T= ∫ (10)

w em T T= (11)

where h is the convective heat transfer coefficient between flue gas and the wall and is set as 
180 W/m2 K [29].

In addition, the radiative energy passing through the filter can be defined:

( ) ( )
c

flt 2 em b e
0

m, dP S E T
λ

ε λ λ λ= ∫ (12)

The emissivity, εem, is the emitter is set to 0.9 and λc – the cut-off wavelength of the 
filter corresponding to the PV cell. In the combustion chamber of this study, the system emis-
sivity is defined:

sys

f w

1
1 1 1

ε

ε ε

=
+ − (13)

where the emissivity of furnace wall, εw, is the assumed as 1 and εf – the flame emissivity is 
expressed as the weighted sum of the gas emissivity and particle emissivity [35]:

( )f u u u g1m mε ε ε= + − (14)

where mu is the ratio of the luminous particles and is set as 0.55 and its emissivity εu is set as 0.85,  
εg is mixed gas emissivity, which is calculated through the weighted-sum-of gray-gases (WSGG) 
model [36] based on the temperature of the flue gas, the path-length, L, and the molar ratio. 

The relationship among average flame temperature, Tg, the adiabatic flame tempera-
ture, Taf, and the outlet flue gas temperature, Tout, can be written [37]:

4 4
g outT rT= (15)

3 2
out out out

af af af

3r
T T T
T T T

=
   

+ +   
   

(16)

where the spectral radiation efficiency is defined to evaluate the radiative energy proportion 
generated by the emitter:
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flt
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The PV cell

In this study, two PV cells, Si [5] and GaSb [38], with band gaps of 1.1 eV and 0.72 
eV are investigated, respectively. Therefore, the cut-off wavelengths of the filter corresponding 
to these two photovoltaic cells were 1.1 μm and 1.8 μm, respectively. 

The output power Pel of the photovoltaic cell can be defined [33]:

el oc scP V FF J= ×× (18)
The short-circuit current Jsc is calculated:
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where EQE is the external quantum efficiency, q0 – the elementary charge, and h – the Planck 
constant, and c is the speed of light. 

The open circuit voltage can be calculated [29]:

c sc
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0 0
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 

(20)

where k is the Boltzmann constant, Г – the diode ideality factor, which takes the value of 1 in 
this study, Tc – the surface temperature of the PV cell (constant 300 K), and J0 – the diode satu-
ration current of the PV cell, which can be calculated using the empirical equation [29]:
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The filling factor is calculated using the following equation, and the correction factor 
β is taken to be 0.96:

( )ln 0.71
1

v v
FF

v
β

− +
=

+
(22)

where ν is the normalized open-circuit voltage, which can be defined
0

oc
c

q
v V

kT
= (23)

The PV cell efficiency ηcell is defined:
el

cell
flt

P
P

η = (24)

System efficiency

According to the models, the power generation efficiency of the system is defined as:

el
sys

sol fuel

P
P P

η =
+

(25)

where in order to investigate the energy-saving effect of the solar-fuel assisted TPV system, the 
efficiency ηsys,n of the TPV system using fuel alone (non-complementary) is specially calculat-
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ed. The fuel consumption Pfuel,n of the non-complementary TPV system can be calculated from 
ηsys,n and the electric energy produced Pel under specific operating conditions, therefore, the 
energy saving rate of the solar-fuel assisted TPV system is defined:

( )fuel,n sol fuel
energy

fuel,n

P P P
P

θ
− +

= (26)

Moreover, the fuel saving rate of a solar-fuel assisted TPV system is defined:
fuel,n fuel

fuel
fuel,n

P P
P

θ
−

= (27)

where the energy saving effect of the system can be evaluated by θenergy and θfuel. Based on the 
aforementioned physical models, the Fortran code is used for programming in this study and the 
whole simulation flow chart is shown in fig. 2. 

Figure 2. Flow chart of thermal-balance calculation  
for solar-fuel assisted TPV device

Results and discussion

Effect of different PV cells

In this study, the Si cell and GaSb cell are selected, and the air condition is 21%  
O2/N2. The basic case is set as: the absorptance, α, is 0.9, emittance of absorber εa is 0.2, the heat 
transfer coefficient Ec is 0.8. After the program calculates many cases, three key cases will be 
selected to analyze the effect of PV cell, which are: 
	– concentration ratio C = 400, receiver area S1 = 0.02 m2, emitter area S2 = 0.3 m2, 
	– concentration ratio C = 500, receiver area S1 = 0.025 m2, emitter area S2 = 0.35 m2, and
	– concentration ratio C = 600, receiver area S1 = 0.03 m2, emitter area S2 = 0.4 m2. 

As shown in fig. 3, under typical cases, the electrical efficiency of TPV system with 
Si cell is about 6-8 percentage points higher than that of GaSb cell. This is because the filter for 
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Si cell has shorter cut-off wavelength. Compared with the GaSb cell, more radiative energy that 
is not matched with the cell is returned to the combustion chamber by the filter and the Pflt is 
less, which maintains the emitter temperature Tem. As shown in fig. 2(b), the emitter temperature 
using Si cell is always higher than that using GaSb cell (about 380 K) under three cases. Due 
to the high temperature conditions, the spectrum peak shifts to the short wavelength direction, 
which makes the cell efficiency of Si cells higher. As shown in fig. 3(d), the efficiency of Si 
cells is about 13 percentage points higher than that of GaSb cells. Therefore, even under the 
conditions of low spectral radiative efficiency, fig. 3(c), the electrical efficiency of TPV systems 
using Si cells is higher than that using GaSb cells. From technical view, Si cells are highly 
commercialized and can have a design life of about 20 years. It is believed to operate for at 
least 5 years or more with cooling technology, Since GaSb cells have been produced in small 
scale, their theoretical life span should be at least 3-5 years. However, the cost of Si cell is much 
lower than GaSb cell, so it is more suitable for solar-fuel assisted TPV system and the following 
analysis will focus on Si cell.

Figure 3. Effect of PV cell on system; (a) TPV efficiency, (b) emitter temperature,  
(c) spectral radiation efficiency, and (d) cell efficiency

Effect of concentrate ratio

In this section, the influence of solar con-
centration ratio is discussed. Figure 4 shows 
the effect of the concentration ratio on the air 
preheating temperature Tair under basic cases  
(α = 0.9, εa = 0.2, Ec = 0.8, S2 = 0.4 m2) with 
different absorber areas S1. It can be seen from  
fig. 4 that when S1 is 0.01 m2, the air tempera-
ture increases linearly with the concentration 
ratio. Due to the smaller S1 area, its increase rate 
is lower than that of the other two cases. When 
S1 is 0.03 m2, the increase rate of air tempera-
ture gradually decreases with the concentration 
ratio. It should be noted that when C = 1000, Tair 

Figure 4. Effect of concentration ratio on 
preheated air temperature for different 
absorber areas
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of three cases are 722 K, 1088 K, and 1375 K, respectively. Thus, it indicates that when S1 is 
0.01 m2 and 0.03 m2, Tair is too low and too high, respectively. Considering that the concentra-
tion ratio of the current technology is generally below 1000, the S1 of 0.02 m2 is more suitable 
for the current technical conditions. 

Furthermore, fig. 5(a) shows that when the absorber area S1 is 0.02 m2 and 0.03 m2, 
with the continuous increase of the concentration ratio, the output power of the PV cell increas-
es almost linearly, which increases by 7.15 kW and 9.91 kW, and the power density increased 
by 17.9 kW/m2 and 24.8 kW/m2, respectively. At the same time, the electrical efficiency of TPV 
system increased by 7.5 and 5.7 percent points, respectively. The increase of the concentration 
ratio causes the gradual increase of the emitter temperature, which improves the efficiency ηcell 
of the PV cell, resulting in a higher TPV system efficiency. It can be seen from fig. 5(a) that 
when C is greater than 500, the increasing trend of TPV system efficiency slows down. This 
is because Psol_in increases greatly with the concentration ratio C. At the same time, as shown 
in fig. 5(b), the increase trend of ηcell vs. C is reduced, which also directly affects the system 
efficiency trend vs. C as in fig. 5(a). It can be seen that when S1 is 0.02 m2 and the concentration 
ratio is 500, the growth rates of the ηsys and ηcell begin to decrease significantly, when the area 
is 0.03 m2, and the concentration ratio is 400, this trend also began to appear. Therefore, it does 
not make sense to select an excessively large emitter area and concentration ratio. In addition, 
it is worth noting that when designing the concentration ratio and the absorber area in practical 
engineering, attention should also be paid to the upper limit of the air preheating temperature, 
otherwise the pipe-line will be damaged by the working fluid [39]. Besides, some safety hazards 
during the combustion process may also arise. To sum up, the concentrating ratio suitable for 
this system can be selected between 400 and 500, and the absorber area can be selected as 0.02 
m2.

Figure 5. Effect of the concentration ratio on the power generation performance  
under different absorber areas; (a) PV cell output power and system efficiency and  
(b) PV cell efficiency

Effect of solar absorber coefficients

Furthermore, the effect of the absorptance, α, and heat transfer coefficient, Ec, of the 
solar absorber on the system performance is investigated. The basic case is set as C = 500,  
S1 = 0.02 m2, S2 = 0.4 m2. It can be seen from fig. 6(a) that when the absorption rate, α, changes 
from 0.6-0.9, the air preheating temperature increases from 583.8-719.2 K (a variation of about 
130 K), and the system efficiency increases from 26-32.8%, showing an obvious trend. As can 
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be seen from fig. 6(b), when α is set to 0.75, the Tair increases from 648.7-653.6 K (a variation of 
about 5 K) with the increase of Ec from 0.6-1, while the system efficiency increases from 29.2% 
to 29.5%, showing a slight change. Therefore, it can be concluded that for solar absorber, it is 
more significant to improve the absorptance, α, than to optimize the heat exchanger efficiency 
Ec. In recent years, selective coating absorbing materials can achieve a high absorptance more 
than 90% [19], which is a potential research direction in the future.

Figure 6. Effects of (a) radiation absorptance and (b) heat transfer coefficient of  
solar absorber on system performance

Effect of emitter area

The emitter area S2 determines the amount of thermal radiation from the combustion 
chamber, which directly affects the performance such as the output power and system effi-
ciency. Therefore, the determination of the emitter area is also particularly important. Figure 
7 reflects the effect of emitter area (C = 500, S1 = 0.02 m2, S2 = 0.4 m2). It can be seen from  
fig. 7(a) that as the S2 increases from 0.05-0.45 m2, the output power increases from  
5.15-6.6 kW. This is mainly because the radiative power is proportional to the emitter 
area. In addition, it can also be seen that the emitter temperature gradually decreases from  
2264-1777 K, which is due to the thermal-balance result after the area increases. Due to the 
decrease in temperature, the output power increases faster first and then slower. On the other 
hand, fig. 7(b) also shows that the system efficiency ηsys increases from the initial 25.7-33% with 
the the emitter area, and showing a trend of increase fast first and slow then, which is consistent 

Figure 7. Effect of emitter areas on solar-fuel assisted TPV system;  
(a) output power and emitter temperature and (b) system efficiency and cell efficiency
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with the power results in fig. 7(a). This is mainly due to the dual effects of emitter area and 
temperature. In addition, the cell efficiency decreases from 47-46.4% with emitter area, which 
is mainly due to the decrease in emitter temperature. Therefore, in practical applications, it is 
not possible to blindly increase the emitter area to increase the output power and system effi-
ciency of the PV cell. Sometimes, a small-area emitter under a high temperature environment 
may bring higher energy conversion efficiency than a large-area emitter in a low temperature 
environment. 

Energy-saving effect with solar-fuel assisted design

This section analyzes the energy-saving effect of the solar-fuel assisted system, the 
basic case is selected with S1 = 0.02 and S2 = 0.4 m2. As shown in fig. 8(a), as the ratio of 
solar energy to fuel oil input, r, increases from 0-2, the system efficiency ηsys increases from  
24.4-34.7% with an increase of about 10 percentage points. This indicates that with the com-
plementary of solar energy, the energy conversion efficiency of the system is improved, which 
is mainly because the introduction of solar energy increases the air preheating temperature, Tair, 
which increases the combustion temperature, Tg, thereby increasing the emitter temperature, Tem, 
and improving the TPV system efficiency. It can also be seen that when the ratio r is greater than 
1, the increase rate of the system efficiency slows down. Figure 8(b) shows the energy-saving 
characteristics of solar-fuel assisted TPV system. When the input ratio r increases from 0.2-2,  
the energy-saving rate θegy of the system increases from 10.45-29.76%, which is the result of the 
increase in system efficiency. At the same time, the fuel-saving rate θfuel of the system increases 
from 25.4-76.6%, which results from the simultaneous effect of the system efficiency increase 
and the solar energy complementary. This fully indicates the advantages of introducing solar 
energy into fuel-driven TPV. However, if too much solar radiation is introduced to preheat the 
air, it will also bring higher costs and safety hazards to the system, so the ratio of solar energy 
to fuel input can be controlled at about 1.

Figure 8. Effect of solar-to-fuel input ratio on the system performance;  
(a) system efficiency and (b) energy and fuel savings characteristics

Annual performance results

The solar radiation calculation model in [40] is used in this study. The Hangzhou City 
of China is taken as an example (Longitude: 120.1°, Latitude: 30.2°). The satellite measurements 
show that the global tilted irradiation is 1362.5 kWh/m2 every year and the average air tempera-
ture is 17.6 °C. The efficiency and energy saving performance in a typical day of each month 
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are calculated. Here, the basic case (C = 500,  
S1 = 0.02, S2 = 0.4 m2, Pin = 10 kW) is selected. 
Figure 9 shows the power generation efficiency 
ηel and fuel saving rate θfuel of system for typical 
days in each month. It can be seen that, the ηel 
of system is around 30-31%, which is higher 
in summer than in winter. Further, the system 
overall performance within one year is calcu-
lated. The results show that if the non-assisted 
system is used, the annual fuel consumption is 
about 50000 kWh, and the annual fuel saving of 
the assisted system achieves 52.93%. The an-
nual electrical efficiency of the system reaches 
31.14%, which is about 6% points higher than 
the non-assisted system (24.40%).

Conclusions

This study innovatively proposes a design concept of solar-fuel assisted TPV system 
and analyzes the parameters such as concentration ratio, absorber area, emitter area, solar-to-fu-
el input ratio on the system performance. This study provides a reference for the design of 
STPV and fuel-driven TPV systems, and its main conclusions are as follows. 

	y The system performance is better when Si cell is used, the electrical efficiency is around  
6-8 percentage points higher than that of GaSb cell. This is because the cut-off wavelength 
of the selective filter matched to the Si cell is smaller than that of GaSb cell, so the emitter 
temperature after thermal balance is higher. In addition, since Si cell are more affordable, it 
has practical value in application. 

	y With the continuous increase of the concentration ratio, the output power density of the TPV 
cell can increase by nearly 25 kW/m2, and the electrical efficiency of the TPV system can 
increase by nearly 10%. At the same time, the increase rate of PV cell efficiency gradually 
decreases. Considering the economic cost and system safety, the concentrating ratio suitable 
for solar-fuel assisted TPV system can be selected to be around 500. The solar absorber area 
should not be too large to ensure a reasonable solar-to-fuel input ratio.

	y When the absorptance, α, of the solar absorber increases from 0.6-0.9, the system efficiency 
can be increase by about 7 percentage points, and the increase effect is more obvious. Com-
pared with the heat exchanger efficiency, Ec, it is more significant to improve the absorp-
tance of solar absorber in system optimization.

	y The emitter area of TPV is the main factor affecting the output power of PV cells and the 
system efficiency. At the same time, as the emitter area increases, the emitter temperature 
decreases based on thermal balance, so the increasing rate of the output power decreases 
gradually. Therefore, in the solar-fuel assisted TPV system, the selection of emitter area is 
not as large as possible.

	y The solar-fuel assisted TPV system has a significant energy-saving effect. When the so-
lar-to-fuel input ratio increases from 0.2-2, the system energy-saving ratio increases from 
10.45-29.76%. At the same time, the system fuel-saving ratio increases from 25.4-76.6%. 
This results from the simultaneous effect of system efficiency increase and solar-fuel com-
plementary. Considering that the introduction of too much solar radiation preheat the air 
will also bring safety hazards to the system, so the ratio of solar energy to fuel input can be 
controlled at about 1.

Figure 9. System electrical efficiency and fuel 
saving rate in a typical day of each month
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In the future, a small-scale experimental set-up for solar-fuel assisted system should 
be built to investigate the actual operational performance. In addition, narrow-band photonic 
crystal emitters and filters adapted to Si cells should be designed to enhance the performance 
of the TPV system.
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Nomenclature
C	 – concentration ratio of solar collector
Cp	 – specific heat, [Jkg–1K–1]
FF 	– fill factor
G	 – solar radiation intensity, [Wm2]
h 	 – surface heat transfer coefficient,  

[Wm–2K–1] or enthalpy, [kJkg–1]
Jsc 	 – short-circuit current, [A]
LHV  – lower heating value, [kJkg–1]
ṁ	 – mass-flow rate, [kgs–1]
P 	 – power, [kW]
S 	 – surface area, [m2]
T 	 – temperature, [K]
Voc 	– open-circuit voltage, [V]

Greek symbols

α 	 – absorptivity
ε 	 – emissivity
η 	 – efficiency
λ 	 – wavelength, [m]
ρ 	 – reflectivity

Subscripts

ab 	– absorber
af	 – adiabatic flame temperature
cp 	– combustion product
el	 – electrical energy
em	– emitter
f 	 – flame
flt 	 – filter
g 	 – flue gas
out 	– outlet
sys 	– system
sol 	– solar radiation
w 	 – wall
0 	 – ambient
1 	 – tube receiver of solar collector
2 	 – emitter
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