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Solar thermoelectric generator (STEG) systems are attractive because they can convert solar heat directly into
electricity via solid-state thermoelectric generators. Nevertheless, its low energy conversion eﬃciency has
prevented it from wide-scale implementation and commercialization. To date, the best experimental eﬃciency
for STEG without concentrated is 4.6%, and only testing single thermoelectric unicouple within a speciﬁc application deployment context. In this paper, a mathematical model containing various heat losses ignored by
previous studies are developed and validated to conﬁrm the possibility of improved STEG performance. We
developed a high-performance solar thermoelectric hybrid device composed of heat pipe evacuated tubular
collector, solar selective absorber, and TE modules by conducting a comprehensive optimization in terms of
thermoelectric material, the optical and thermal eﬃciency of solar selective absorber, heat management and
device integration. The experimental results show that the thermoelectric conversion eﬃciency of proposed
device was enhanced signiﬁcantly, it produced a peak electrical eﬃciency of 5.2%. And the residual solar energy
is stored for either power generation or domestic used. The peak exergy eﬃciency of the system reached up to
7.17%. The eﬃciency is higher than the previously reported best value. We experimentally demonstrated the
feasible of the scale application of solar thermoelectric generators. And the results indicated that STEG system is
a promising alternative solar energy thermal utilization technology in the small scale co-generation applications.

1. Introduction
With the rapidly industrial and economic development, the problems related to environment and energy gradually drew worldwide
attentions. How to solve these problems is a major global challenge of
the world [1]. Solar energy utilization is a promising choice to solve it.
There are many technologies available to harvest solar energy, the two
main of those are solar photovoltaic [2] and solar thermal conversion
processes [3–5]. Photovoltaic process can convert some of the spectrum
directly into electricity, while solar thermal processes convert solar
energy into heat and utilize this heat for power generation by mechanical heat engines [6–8].
Being no moving parts, no chemical reactions, environment
friendly, silent, and reliable, thermoelectric generator (TEG) is emerging as a promising alternative way of utilizing solar heat [9]. It gains
signiﬁcant renewed interest in the ﬁeld of solar energy, known as solar
thermoelectric generators (STEGs) [10]. Unlike the existing solar
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thermal conversion processes, STEGs are solid devices with no mechanical or moving parts. Since the TEGs is composed of two type of
thermocouples in series and in parallel, the STEGs is stretchable.
Compared with PV technology, STEGs can almost utilize all of the solar
spectrum while PV technology can only use the fraction of spectrum
above the bandgap, allowing for higher energy conversion eﬃciency.
Although the ﬁrst concept for a STEG was proposed in 1888 and it has
been developed for more than one century [11,12], the low energyconversion eﬃciency and/or complicated and bulky designs have prevented its application and commercialization [13]. During this period, a
lot of research work including theoretical and experimental research
was carried out to improve the eﬃciency of thermoelectric generators.
The ﬁrst documented detailed study for a STEG was published in 1954
by Telkes [14]. The maximum eﬃciency achieved of a ﬂat-panel STEG
was 0.63%. After that, early work [14–18] showed low conversion efﬁciency almost < 1% due to thermoelectric materials with low conversion eﬃciency and low hot-side temperature, And STEGs have been
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Table 1
Previous study results for STEG before 2011.
System and composition

Conditions

Eﬃciency

Year

Author

ZnSb alloys & Bi alloy
Bi2Te3 alloys
Bi2Te3 alloys
Commercial Bi2Te3 thermoelectric module
Commercial Thermoelectric module
Commercial Thermoelectric module

1 × sun
1 × sun
1 × sun
1 × sun
1 × sun
low concentration

0.63%
< 1%
< 1%
0.85%
0.65%-1.1%
< 1%

1954
1980
1982
1998
1999
2005

Telkes [14]
Goldsmid [15]
Dent and Cobble [19]
Omer [17]
Rockendorf [20]
Vatcharasathien [16]

designed and optimized for space applications, and none of earth-based
STEGs made signiﬁcant improvement over Telkes’ work. Table 1 summarizes the previously published experimental results for diﬀerent solar
thermoelectrics.
Until 2011, Kraemer et al. [10] set a new eﬃciency record for STEG
by using a selective absorber and advanced Bi2Te3 based nanocomposites. And the experimental work on STEG technology showed promising results for large-scale and potentially cost-eﬀective deployment
on rooftops or for the integration in solar hot water systems. Chen et al.
[10,21] modeling of the solar thermoelectric generators. The results
showed STEGs can have attractive eﬃciency with little or no optical
concentration working in the low temperature range (150–250 °C) by
operating in an evacuated environment. In 2012, He et al. [22] proposed a vacuum tube solar heat pipe system combined with a thermoelectric generator for water heating and electric power. The experimental prototype unit showed 1% electrical eﬃciency for the solar
irradiance of 700 W/m2 and the ambient temperature of 20 °C. In 2013,
Miao et al. [23] designed a pilot solar STECG system. But for thermoelectric modules with ZTM = 1, when the solar insolation, wind velocity, ambient temperature and water temperature are 1000 W/m2,
1.3 m/s, 25 °C and 25 °C, respectively, the electrical eﬃciency is only
1.59%. In 2016, Li et al. [24] proposed the conceptual development and
theoretical analysis of a solar collector-incorporated thermoelectric
generation which could generate both electricity and hot water. The
thermal eﬃciency of the system could be reach up to 57.35% and the
electrical eﬃciency up to 0.58% under the solar radiation intensity of
600 W/m2. In 2017, Lv et al. [25] optimized He’s design [22] by using
the ﬂat-plate heat pipes that are more eﬃcient in contact with thermoelectric modules. It also reduces contact thermal resistance and heat
loss, increases the power generation eﬃciency of the STEG system to
3.0%, and is equal to the electrical eﬃciency (3–4%) of the organic low
temperature Rankine cycle system.
However, To date, the best experimental eﬃciency for STEG
without concentrated is 4.6% et al. [10], and only testing single thermoelectric unicouple within a speciﬁc application deployment context.
Most previous studies were theoretical or small-scale validation experiments used thermoelectric monomers or single modules
[10,25–29]. Furthermore, scale solar thermal applications of STEG has
not yet been proven [30,31] and the eﬃciency of these designs is so low
that they cannot be scaled up. Up to now, STEGs is still debated its
applicability for scale implementation [30].
Based on the above discussion, realizing a high-performance and
large-scale STEG system (STEGs) would be a signiﬁcant contribution. In
the present work, we constructed and tested a novel high-performance
STEGs without optical concentration. Four key parts have been improved throughout the system: (1) high performance thermoelectric
materials matching the temperature of collector, (2) high performance
selective coating and (3) optimization of TE devices by ﬁlling the insulating and (4) the use of radiation-reducing shield. As a result, a new
record experimental eﬃciency of 5.2% at a normal solar irradiance of
1000 W/m2 was found. And the cogeneration system have been proved
to provide electricity and heat simultaneously and economically. Smallscale solar thermoelectric applications has been developed and its applicability for wide-scale implementation has been proved. In addition,
this work has developed a mathematical model containing various heat

losses that analyzes the performance of STEG in cogeneration applications and validates the thermodynamic model by establishing experimental prototypes, conﬁrming the possibility of improved STEG performance. The previous assessments of STEG were based on the ﬁrst law
of thermodynamics. Since the essence of energy utilization is to extract
as much available energy as possible, these assessments cannot perfectly assess the performance of the STEG. Thus, evaluating STEG based
on the second law of thermodynamics is conducted, which revealed a
system with a reasonable degree of energy. It provides guidance and
advice for system optimization and improvement. The details are discussed in the following sections.
2. Model
The design of a STEG unit as shown in Fig. 1. It consists of solar
collecting system and thermoelectric power generation system. One
major challenge in the STEG system is to create a signiﬁcant temperature diﬀerence across the TE module. Thus, for a high electric power
conversion eﬃciency, all solar heat were supposed to be conducted
over the TE module.
Some assumptions were made in the modeling:
(1) The temperature of selective surface maintained constant and uniform with the help of superconducting heat pipe, and so did the hot
side temperature of the TE elements.
(2) The properties of thermoelectric materials are independent of
temperature for the systems operated in a small temperature range
[32].
(3) Electrical and thermal contact resistances are negligible.
The energy balance equation for the solar absorber surface can be
written as:
τg αs Cth qs As
= Qh + εss σAs (Th4 − Ta4 ) + εhc σ (As − Ateg ) (Th4 − Tc4 )
+ Eb3 + Eb4 + hconv,h− a (As − Ateg ) (Th − Tc ) + Qcon

(1)

where qs is the solar insolation per unit area, τg is the transmittance of
the glass tube, αs is the absorptance of the selective surface, Cth is
thermal concentration ratio which is similar to optical concentration
[25], εss is the eﬀective emittance between the selective surface and the
ambient, εhc is the emittance between the hot side and the cold side of
TE. Eb3 and Eb4 are the radiative and convective heat losses e of TE
module respectively. Qh is the heat ﬂow from the TEG to the cold side.
As is the selective surface are and Ateg is the cross section area of TEG
module.
The left side of the equation is the solar energy input. The ﬁrst term
at right side of equation is the heat conducted to the hot side of TE
module, second and third term represents the radiative and convective
heat losses from absorber surface to ambient respectively, and the
fourth and last term represents heat losses of TE module. In order to
diminish the radiative and convective heat losses within the TE module,
insulating materials ﬁll the gaps between n-type and p-type thermoelectric materials. The heat loss of the solar absorber and thermal
concentrator by air convection is eliminated by enclosing it inside a
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Fig. 1. Schematic of a STEG and thermoelectric (TE) elements for numerical simulation of TE device. a, Energy balance, b, TE device with adiabatic ﬁllers. c,
Discretization of thermoelectric (TE) elements for numerical simulation of STEG.

vacuum tube [33]. Thus, we neglect convective heat losses from absorber surface to outside ambient and the radiative and convective heat
losses related to TEG module in the right side of Eq. (1), such that Eq.
(1) becomes:

dP
=0
dRload

τg αs Cth qs As = Qh + εss σAs (T h4 − Ta4 ) + Qcon

Rload =

Rearranging Eq. (10) gives:

(2)

Qcon is the conduction and convection loss determined by the ﬁlling
quality and the thermal conduction of the ﬁlling materials.
Now, the heat leaving the absorber’s surface via the TE module can
be expressed as:
Qh = SITh + K (Th − Tc ) −
Qc = SITc + K (Th − Tc ) +

μI (Th − Tc )
1 2
I Ri −
2
2

(3)

1 2
μI (Th − Tc )
I Ri +
2
2

(4)

ηe =

R = N (Rn + Rp ); Rp =

kp Ap
Lp
ρp Ap
Lp

, Kn =

kn An
Ln

(6)

, Rn =

ρn An
Ln

(7)

ηe =

(12)

Qh
Pout
×
= ηot ηte
Cth qs As
Qh

(13)

S (Th − Tc ) I − I 2R − μI (Th − Tc ) + Qre
Cth qs As

(14)

Earlier assessments of STEG were based on the ﬁrst law of thermodynamics. Since the essence of energy utilization is to extract as
much available energy as possible, these assessments cannot perfectly
assess the performance of the STEG. Thus, evaluating STEG based on
the second law of thermodynamics is necessary, which revealed a
system with a reasonable degree of energy.
To ﬁnd the exergy eﬃciency of STEG, the exergy input of the solar
radiation has to be found out which is given by Petela [34]. If the
output of STEG is the electricity which is pure exergy. The exergy efﬁciency of the STEG can be expressed as:

(8)
Ψe =

[N (Sp − Sn ) (Th − Tc ) − IRi ]2 Rload
[N (Rn + Rp ) + Rload ]2

(11)

Pout
S (Th − Tc ) I − I 2 R − μI (Th − Tc)
=
Qin
Cth qs As

ηsystem =

The electrical output of the STEG can be expressed as follows:
Pout = I 2Rload =

4N (Rn + Rp) dΔT
ΔT
dRload

If the heat rejected at the cold side of TE module could be collected,
the energy eﬃciency of cogeneration system can be expressed as:

where A and L represents cross-sectional area and the length of the ptype and n-type thermoelectric elements, respectively.
The electrical output of the STEG can be expressed as follows:
Pe = I [N (Sp − Sn ) (Th − Tc ) − IRi]

1−

The eﬃciency of STEG can also be written as follows:

(5)

K = N (Kn + Kp); Kp =

N (Rn + Rp)

which represents external resistance for maximum output power.
The eﬃciency of the STEG unit can be expressed as follows:

where S is the Seebeck coeﬃcients of the thermoelectric materials, I is
the current ﬂowing through the thermoelectric elements, K and Ri are
the thermal conductivity and electrical resistances, respectively.
S = N (Sp − Sn )

(10)

Pe
Ex in

=

S (Th − Tc ) I − I 2R − μI (Th − Tc )
4 T

Qin ⎛1 − 3 T a +
sun
⎝

1
3

4

( ) ⎞⎠
T

a

Tsun

(15)

Similarly, if the heat rejected at the cold side of TE module are
collected and used for power generation instead of space heating or
domestic hot water, the exergy of the waste heat has to be found out
which is given by [35]. And the exergy eﬃciency of cogeneration

(9)

where Rload is the load resistance.
Diﬀerentiating Eq. (9), that is,
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system can be expressed as:
Ψe =
=

rooftops depends on users’ wishes. Moreover, as is shown in Fig. 3c the
STEG unit in which the solar selective absorption coating is directly
applied to the thermal end of the fabricated prototype TE modules
(Cth = 1) also fabricated as contrast group for comparison to put on the
bench.

Pe + Pre
Ex in

(
( ) ⎞⎠

S (Th − Tc ) I − I 2R − μI (Th − Tc ) + ṁ Cp Tout − Tin − Taln
Qin ⎛1 −
⎝

4 Ta
3 Tsun

+

1
3

Ta
Tsun

Tout
Tin

)

4

4. Performance
(16)

Fig. 4b and c show the performance of our fabricated STEGs under a
solar simulator around solar irradiance of 1 kW/m2 corresponding to
AM1.5G. When the cold side is maintained at 20 °C, the electrical efﬁciency of the STEG system reached up to a record-high eﬃciency of
5.2%, which is almost twice as eﬃcient as Telkes’ best device. The
STEG power output reaches 5.3 W. More than 10 similar units and 100
repeated experiments have been tested and routinely achieved an eﬃciency in the range 5.0–5.2% around AM1.5G conditions. Meanwhile, A
MATLAB code written based on the thermodynamic model above was
also carried out for the same condition as the experiment. In order to
better match the results of the experiment, an electrical resistance of
1.02Ω is included to replace contact loss. The results of eﬃciency,
power output, and I–V characteristics were shown in Fig. 4. The conventional TEG system is a constant temperature diﬀerence system while
our STEG system is a constant heat input system. It also validates the
Eq. (11). It can be seen that the eﬃciency of STEGs ﬁrst increases and
then decreases. Thus, there is an optimal solar irradiance for a given TE
module. The phenomenon can be explained as: when the solar absorber
is at a lower temperature. Thus, the output eﬃciency of STEG is low
because of the smaller temperature diﬀerence between TE modules. At
this time, the emissivity is also very low. With the increase of high solar
radiation, the thermal eﬃciency grows fast ﬁrstly and then have descendent tendency as the solar radiation continue to rise. If the thermal
concentration is too high, the temperature reached too high, the radiation loss is high, the increase of irradiation intensity has more inﬂuence on radiation loss. In addition, when the temperature exceeds
the best working temperature of the thermoelectric materials, resulting
in a decrease in STEG eﬃciency. And as is shown in Fig. 4f, the exergy
eﬃciency shows some same development tendencies, such as it increased ﬁrstly and then decreased when solar radiation increases. It is
clear from both the ﬁgures that there is a solar irradiance at which both
energy and exergy eﬃciencies are maximum, such as the peak exergy
eﬃciency of the system is as high as 7.17% at the solar irradiance of
1032 W/m2 and a peak output eﬃciency of 5.2% at the solar irradiance
of 1021 W/m2, which can be obtained from the ﬁgures or equations.
Further, the exergy eﬃciency is higher than the energy eﬃciency because of lesser exergy content in input solar heat, and the overall exergy
eﬃciency is considerable when considering the exergy eﬃciency of
waste heat.
The measured eﬃciency changed with solar irradiance are shown in
Fig. 4d. The STEG will perform at its peak under optimal conditions.

3. Design and fabrication
The STEG systems are composed of:
(a) High eﬃciency Bi2Te3-based modules for thermoelectric power
generation between 100 and 300 °C. This high eﬃciency thermoelectric module depends on high performance p-type Bi2Te3-based
thermoelectric materials with their properties given in [36]. Those
n–p Bi2Te3-based materials are fabricated to ﬁve prototype TE
modules. The dimensions of p-n type thermoelectric element are
1.5 × 1.5 × 1.7 mm3. 71 pairs of p–n type element were assembled
in series or in parallel with the ceramic substrates as the electrically
isolated foundation. Aerogel are selected as insulating materials to
ﬁll the gaps in TE module.
(b) High-performance wavelength-selective solar absorbers, a wavelength-selective selective absorbers with exceptionally low emissivity in the thermal wavelength range and high visible absorptivity
for the solar spectrum was used in our system (provide by Beijin
Jintaiyang Co., Ltd.). The properties of solar absorber coating and
test results are shown in Fig. 2. The results shows that the surface
temperature can be reached 300 °C even without optical concentration, which matched with the optimal operation temperature
Th of our Bi2Te3-based materials.
(c) An innovative design that uses a high thermal concentration by
lateral heat conduction within the highly thermally conductive
absorber substrate such as superconducting heat pipes. This method
of concentrating heat has been used in various thermal systems
[10,37]. The higher the absorptance and high thermal concentration, the higher operating temperature. Following Kirchhoﬀ’s law of
thermal radiation, the high temperature caused large radiation heat
loss [38]. Thus, an aluminum heat shield is add below the absorber
to reduce radiation heat loss caused by thermal concentration and
improve the thermal performance of it in a cost-eﬀective manner
[39].
Our experimental system is illustrated in Fig. 3a. Five devices were
fabricated, and a systematically optimized process and integration
techniques were used to make them to be portable like domestic solar
collectors. It can be used on ﬂat ground or residential and commercial

Fig. 2. The properties of solar absorber coating and test results. a, The properties of solar absorber coating, b, Test temperature of the coating under 800 W/m2 Solar
Irradiation.
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Fig. 3. Design and fabrication of STEGs. a, Schematic of a STEG unit, b, A schematic diagram of the combination of solar collector and TE. c, Fabricated STEG
assembly and photos of key parts. d, the STEG system.

However, one of the major challenges of solar technologies is the
varying ambient conditions over the course of a day and a year. The
eﬀects of changing ambient conditions on the STEG performance are
illustrated in Fig. 4. From Fig. 4b–d, and f, we know that the external
resistance for maximum output power of STEG system and that of
conventional TE device are diﬀerent because of diﬀerent input conditions. As is shown in Fig. 4c, it is clear that the high solar radiation
responds to the high absorber temperature. The STEG performances
peak at solar irradiances of approximately 1000 kW m−2 and the STEGs
operate with an absorber temperature of 270–290 °C which also matches the best operated temperature of our TE materials. And at this time
the STEG eﬃciency is also up to the highest (Fig. 4c, d). It can be seen
that there is an optimal thermal concentration for a given solar intensity
and size of the STEG. The solar intensity varies over the course of a day
even when the sun is partially blocked by clouds. A decrease of 100 W/
m2 in the solar ﬂux density, the drop in the STEG eﬃciency is less than
20%, which is smaller than a purely thermally concentrating STEG in
previous study [23]. The STEGs is the delayed thermal response resulting from the heat pipe vacuum tube.
Comparison with previous work, besides borrowing previous experience such as: the use of selective surface, the combination with heat
pipe vacuum tube and operation the STEG in a vacuum environment.
There are several points that improved eﬃciency: (1) high performance
thermoelectric materials matching the temperature of collector, (2)
high performance selective coating and (3) optimization of TE devices
to decrease the heat loss of the module by ﬁlling the insulating and (4)
the use of radiation-reducing shield in the solar collector. The eﬀective
ZT of the thermoelectric materials we used at optimal operation conditions is 1.03, averaged ZT values of up to 0.8 between 100 and 300 °C.
Even though the performance of our system is no better than STEGs
with high optical solar concentration, it is still a remarkable improvement for STEG without optical solar concentration over previous reports [10,20,28,37], as is shown in Fig. 5. Fig. 5b shows simulations
and experiments carried out for a STEG module which the solar selective absorption coating is directly applied to the hot end of the fabricated prototype TE module (the thermal concentration is equal to 1) to
demonstrate the impact of these improvement. Generally speaking the
simulated performance results are in good agreement with the experimental results. The small discrepancy between modeling and

experimental results can be attributed to the uncertainties of the some
properties in simulation. For example, the eﬀective TE device ZT is
substantially lower compared to the TE material ZT due to experimental
imperfections such as contact resistances and thermal loss in the bond
part. However, the record-high STEG eﬃciencies demonstrated here at
solar irradiances about 1000 W/m2 are still 2 times higher compared to
best values of previously reported. Thus, most economically and likely
to operate in practice. And the four key design features enable a stable
and eﬃcient STEG operation with much larger operating time and
operation in a real environment. So, our devices are most likely to be
used in practice for residential and commercial rooftops.
5. Economy
Ultimately, the value of any new technology is determined not only
by eﬃciency but also by cost. Although our collector is specially processed, it will be cheap by manufacturing on a large scale after ﬁnalizing the design. By 2017, the annual production of solar collectors had
exceeded 30 million m2 and the total installation area had reached 150
million m2 [40,41]. As a consequence of this mass production, the cost
heat pipe based solar collectors is decreasing year by year, widely
available and of good quality. STEGs made from the heat-pipe vacuum
tube solar collector with integrated TE are easy to fabricate and only
slightly more expensive than solar collectors on their own [42]. Compared to the existing solar water heating systems, the price of our STEG
system is mainly determined by the cost of TE module. The cost for the
TE modules can be estimated by the cost of its materials. The prototype
TE modules are fabricated by n–p Bi2Te3-based materials. A commercially available hot extruded Bi2Te3-based material was chosen as the ntype counterpart and Bi0.5Sb1.495Cu0.005Te3 were selected as the p-type
materials. At the present, prices of the bismuth telluride and copper
antimony based materials used, at the current price of approximately
$250 kg−1 Bi2Te3, the cost of the our TE material is approximately $26
per kg or $0.71 per electrical watt generated. The actual cost of modular manufacturing is certainly higher than this. The discrepancy is due
to the cost of the assembly such as ceramic plates used to fabricate the
TE module. The costs for heat exchangers of the TE device is another
obstacle to cost reduction [43]. Fortunately, our system has overcome
those problem. Furthermore, it should be acknowledged that the
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Fig. 4. The STEGs and their performance characteristics. Typical STEG unit characteristics at solar radiation of 1000 W/m2. a, The STEGs. b, Electric characteristics
of the STEGs. c, Absorber temperature. d, Eﬃciency as a function of the current. e, Eﬃciency as a function of the solar irradiance. f, Exergy eﬃciency as a function of
the solar irradiance.

Hefei, China. Aerial views of the building under investigation are
shown in Fig. 6b. The region is characterized by a Subtropical monsoon
climate (2014–2016: 2.18 m/s). The intensity of solar radiation was
taken as 800–1000 W/m2, which corresponds to the direct normal irradiance (DNI) in Hefei, China, at 30° of northern latitude, at the
summer time of the year. Fig. 5a depicts the building under study, the
exterior spaces around them and the topography of the area. If 50%
solar energy available area on the roof of the house is equipped with
STEGs. Since the active surface area of the STEG unit was 0.114 m2, 48
STEG units can be installed on the roof.
The results shows that our STEG system can generate 3.3 kWh of
electrical power. If the STEGs works at the reported capacity over eight
hours of good sun irradiation per day, it can meet 165% of a small
house demand, which daily electricity consumption is approximately
2 kWh [44]. Furthermore, the solar thermal heat collected during this

electricity eﬃciency of STEG of about 5–6% is 4–5 times lower than the
eﬃciencies of existing solar panels. The waste heat rejected from TE
cold side have be collected for heating water or space heating, to
compensate for the low electrical eﬃciency and improve economy.
Evacuated tube solar collectors are widely used in solar hot-water
systems housing stock worldwide [42], especially in China. The water
temperature is usually required in the range of 35–50 °C for domestic
hot water according to Chinese solar water heating system design
principle [22,33]. As is shown in Fig. 5a, the low cooling water temperature imply that with a small expense of its electric eﬃciency, Our
STEG system can be used to obtain higher temperature waste heat to
enhance the user experience and improve economy. We have conﬁrmed
that the system can achieve costs below $1/W if the waste heat rejected
from TE cold side was taken into consideration.
The case study area is situated on the No.1 villa on the peninsula, in
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6. Conclusion
In this work, a record high eﬃciency of a STEG system has been
built and tested. The results show that our STEG system has many advantages and advanced points compare compared with previous work.
(1) Improve the eﬃciency of photo-thermal conversion, making high
performance TE materials work in them optimum temperature
ranges, optimizing thermoelectric devices and reduce the heat loss
of each part. Those four key design features enable a stable and
eﬃcient STEG operation with much larger operating time and operation in a real environment. So, our devices are most likely to be
used in practice for residential and commercial rooftops.
(2) In order to improve the performance of STEG, besides the development of materials with improved thermoelectric properties, future research directions should target further reduction of heat
losses and improving contacts.
(3) TEG is compatible with popular used evacuated tube collector, indicating the potential of STEGs for co-generation of electricity and
hot water, thus leading to improved system eﬃciency and
economy.
This work demonstrated not only are STEGs growing into a competing alternative technology to the solar energy utilization, but they
are also economical and simple to implement. And it could be suitable
for real-world application. Large-scale experiments are now under way
in house and rooftops to demonstrate the robustness and practicality of
our solar thermoelectric co-generators under typical real-world conditions. This work gives hints for future improvement of the solar thermoelectric cogeneration system, and future research should focus not
only on improving the TE materials eﬃciency and creating a new record but also on the practical application.
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