
 
Semarak International Journal of Mechanical Precision and Engineering 4, Issue 1 (2025) 65-74 

 

65 
 

 

Semarak International Journal of 
Mechanical Precision and Engineering 

 

Journal homepage:  
 https://semarakilmu.my/index.php/sijmpe/index 

ISSN: 3083-9546 

 

Thermoelectric Energy Storage TEES using Concentrated Photovoltaic 
Energy 

 
Benali Abdelhakim1, * 
 

1 Laboratory of Energy in Arid Zones, Faculty of Sciences and Technology, Tahri Mohammed Béchar University, Street of Independence Béchar , 
Bp 417,08000, Algeria 

  

ARTICLE INFO ABSTRACT 

Article history: 
Received 3 June 2025 
Received in revised form 30 June 2025 
Accepted 15 September 2025 
Available online 22 October 2025 

Multi megawatt-thermoelectric energy storage based on thermodynamic cycles is an 
ambitious solution for the renewable energies conversion. The main advantage of this 
technology is the capacity of energy storage, However, ensuring the operation of TEES 
stations during unfavorable weather conditions is suspended. In this article, a specific 
thermoelectric energy storage system was studied «TEES», the TEES system converts 
electrical energy from CPV ENERGY into sensible heat by means of an electric heater 
that uses the joule heating effect, the system TEES converts sensible heat into electrical 
energy by means of a hybrid power plant that operates on a combined cycle « Brayton 
and Rankine ».The hybrid power plant uses two thermal energy sources in order to 
secure the station in unfavorable weather conditions for the production of solar 
energy. The main idea is to use the H2 gas or naturel gas and the sensible stored heat 
as two thermal inputs in the gas turbine with a Brayton cycle, the thermal rejection 
from the gas turbine is recovered and used as a thermal input in the conventional 
steam turbine plant that uses a Rankine cycle. A thermodynamic analysis of the TEES 
system is performed in steady state, using the thermodynamic properties of the 
Coolprop database. A maximum thermal efficiency or Round trip- electrical efficiency 
of 50% has been reached; when the heating temperature of the compressed air 
reaches 1100 ° C and when the isentropic efficiency of steam turbine is 90 percent. 

 

Keywords: 
TEES; Coolprop; sensible heat; 
thermodynamics; thermoelectric; 
Brayton; Rankine 

 
1. Introduction 
 

The increasing share of renewable energy sources in the electricity market poses new challenges 
in terms of reliability and control of electricity networks. Because of their unpredictable behaviour, 
wind or solar photovoltaic energy cannot always be converted into electricity, especially when most 
of the energy demand is covered by nuclear or coal-fired power plants. Alternatively, the generated 
electricity excess from renewable energy sources can be stored and used during peak periods, as in 
hydroelectric plants of the traditional pump [1]. As the available sites for the construction of such 
plants are running out, engineers are looking for alternatives for large-scale energy storage. 

 
* Corresponding author. 
E-mail address: abdelhakimbenali2@gmail.com 
 
https://doi.org/10.37934/sijmpe.4.1.6574 

https://semarakilmu.my/index.php/sijmpe/index


Semarak International Journal of Mechanical Precision and Engineering 
Volume 4, Issue 1 (2025) 65-74 

66 
 

Electricity storage technologies differ from each other. Some differ in terms of storage capacity and 
power. Although the maximum installed power capacities of some energy storage technologies reach 
tens of MW, only hydraulic pump and compressed air energy storage systems CAES can store and 
deliver this power for hours. The remaining technologies are mainly used to improve the stability of 
transmission systems and are therefore exploited for short periods [2,3]. Unlike the hydroelectric 
pump, the CAES is a developing technology and the subject of recent literature. The reader can refer 
to a review by Lund H. et al. on this subject [4]. The CAES can be improved with thermal storage, 
leading to Round trip efficiency of up to 70% [5]. A highly efficient and site-independent CAES system 
has recently been proposed by Kim [6]. 

In this context, thermoelectric energy storage TEES [7-9] represents an interesting solution in the 
general context of the possibility of distributing energy systems based on renewable energies. A TEES 
system essentially consists of two sensitive accumulators of heat and cold, between both 
temperatures a heat engine works. The temperature levels are then recharged by a heat pump cycle. 
TEES cycles at several MW have been proposed often using a transcritical CO2 cycle as a power cycle 
and each one of the cycles proposed has a Round trip efficiency that can reach 66% [8-11]. Another 
variant of TEES is to use the Brayton cycle as a feed cycle with air [12], Argon or other rare gases 
[13,14] as working fluids. Studies have been conducted on optimizations for TEES. Peterson [15] and 
Henchoz et al., [16] noted the effectiveness of TEES at an ambient temperature. White et al., [12] 
have studied the thermodynamic aspects of a TEES system and have shown highly efficient 
compression and expansion processes that are clearly needed to achieve satisfactory cycle efficiency. 
In the literature, TEES systems are not widely studied, especially when considering the whole 
integration process of auxiliary thermal energy as heat input (in the charge or discharge cycle). 
Particularly in Frate et al., [17], a new TEES thermo-electric storage system with thermal integration 
is proposed. The main novelty is the introduction of an auxiliary heat source, which enhances the 
efficiency of the system. Thousands of mirrors reflect sunlight towards an absorber, which in turn 
converts that energy into heat, which is stored in molten salt. Having cheap solar heat as auxiliary 
energy 30% with an electric heater 70% is beneficial for TEES efficiency. Incorporating thermoelectric 
storage into solar turbine plants raises the heat of salt to more than usual. Thus, the naturel gas or 
H2 gas became a reserve and not a permanent supplement to the solar heat). The usual heat pump 
used in the TEES installations during charge has been replaced by an electric heating element which 
acts as an intermediary for the direct conversion of electric energy into thermal energy. 

 

2. Description CPV Photovoltaic Energy 
2.1 Technologie of One Axes Tracker  
 

Flat single axis solar tracking system has one axis tracking the azimuth angle of the sun. Each set 
mounting 10 – 60 pieces of solar panels, given a 15% to 30% production gain over fixed-tilt systems 
on the same size array. flat single axis solar tracking system has good power generation in low latitude 
regions, the effect will be not so good in high latitudes, but it can save lands in high latitude regions. 
Flat single axis solar tracking system is the cheapest tracking system, widely used in large-scale 
projects. 

Flat single axis solar trackers will gather less energy per unit compared to dual axis solar trackers, 
but with shorter racking heights, they require less space to install, creating a more concentrated 
system footprint and an easier model for operations and maintenance. We can equip weather 
station, with wind sensor, irradiator, rain and snow sensor, real-time perception of weather changes. 
In windy weather, the system can return to the horizontal state to achieve the wind resistance 
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purpose. When it rains, the module enters a tilted state so that the rainwater can wash the module. 
When it snows, the module also enters a tilted state to prevent snow covering on module. On cloud- 
covered days, sunlight doesn’t reach the Earth’s surface with direct beams — it is received as diffuse 
light — which means a panel facing directly at the sun won’t necessarily have the most generation. 
It could mean panels will stow horizontally to catch the diffuse light. flat single axis solar tracking 
system has one axis tracking the azimuth angle of the sun. Each set mounting 10 – 60 pieces of solar 
panels, given a 15% to 30% production gain over fixed-tilt systems on the same size array. flat single 
axis solar tracking system has good power generation in low latitude regions, the effect will be not 
so good in high latitudes, but it can save lands in high latitude regions. Flat single axis  solar  tracking  
system  is  the  cheapest  tracking  system,  widely  used  in  large-scale  projects. Flat single axis solar 
trackers will gather less energy per unit compared to dual axis solar trackers, but with shorter racking 
heights, they require less space to install, creating a more concentrated system footprint and an 
easier model for operations and maintenance. 
 

 
 

Fig. 1. 1-axis Tracker Technology 
 
2.2 CPV Panel  

 
The sensor acquires its movement using a solar tracking system and a dual-character means of 

receiving information and transmitting electrical signals. Hydraulic and mechanical piston comprising 
a piston equipped with a metal rod to move the panel arm back and forth 50°+50° - causing a 
rotational movement. Solar panels are allowed to produce electricity using linear photovoltaic Cells 
connected in series, which are an advanced type that differs from other types of concentrated panels 
because they have several advantages, including low cost and efficient use of solar energy. the 
cylinder-parabolic mirror to focus the light on the strip of solar cells. It generates electricity 
 

  

Fig. 2. Panel design 
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Electrical cicuit of the proposed panel cells: 

 
Fig. 3.  Electrical cicuit and dimension 

 
3. Description and Method of Study, TEES 

 
Figure 1 during the charge, electric energy generated by the wind and solar photovoltaic power 

plants CPV was converted into sensible heat contained in the molten salt via an electric heater. Figure 
.1during discharge, sensible heat was converted into electric energy by a hybrid power plant using 
combined cycle « Brayton and Rankine »,combined cycle is interpreted as follows: 
Brayton Cycle: the working fluid "air" is compressed by a compressor 1-2, the compressed air is 
heated by a 2-3 heater using the sensible heat that contained liquid MOLTEN SALT, and then the 
compressed air is heated a second time through the combustion chamber 3-4 using the gas, and 
compressed air expands in turbine 4-5, producing mechanical energy to operate compressor 1-2 and 
the electricity generator. 
Rankine cycle:4-1, Saturated liquids are pumped to a high pressure1-2, saturated steam is 
superheated by a recovery device that uses the thermal rejection from the gas turbine. The 
superheated steam expands in the 2-3 turbine, producing mechanical energy to operate the electric 
generator. The Steam in condenser 3-4 uses a cooling water circuit. Finally, the liquid discharges from 
the condenser is used to start a new cycle. 

The impact of the parameter «steam Turbine isentropic efficiency, ηis,st» on the TEES system 
operation was evaluated. In order to assess this impact, a thermodynamic calculation based on 
standard manufacturer conditions and the actual climatic conditions is done. The purpose of this 
thermodynamic calculation is to determine all the operating parameters from the TEES system, 
namely: 
 
a)Thermal efficiency 
b)Total power 
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Fig. 4. Schema of the TEES system(a).(Electric heater and receiver can be in series or in parallel or 
hybride) Thermal efficiency=50% 

 
 
Fig. 5.  Schema of the TEES system(b).(Electric heater and receiver can be in series or parallel or hybrid) 
Thermal efficiency=38% 
 
4. Thermodynamics Analysis  
4.1 Hypotheses 
 
1)The molten salt tanks are perfectly insulated 
2)All transformation (Brayton Cycle: 2 to 4 and 5 to 6 |Rankine Cycle: 1 to 2 and 3 to 4) occurs at 
constant pressure 
3)100% of electrical energy is converted to sensible heat 
4)Changes in thermodynamic properties and mass flow of air are considered negligible 

 
4.2  Molten saltCycle 
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4.3 Brayton Cycle  

 
Efficient air heater and energy conversion 

 

 

4.4 Rankine Cycle: 

 
 

Efficient Recuperature and energy conversion 
 

 
3.5 Efficiencies 

 
 Table 1 
 Fluid storage property [18] 

Property (7Li2BeF4~Flibe!)Molten 
salt(ms) 

Lower temperature limit , (°C) 459 

Upper temperature limit ,(°C) 1400 
Heat capacity Cso ,(KJ/ kg K) 2.34 

b)- sodium 100 C to 900 C 



Semarak International Journal of Mechanical Precision and Engineering 
Volume 4, Issue 1 (2025) 65-74 

71 
 

Table 2 
Input operating parameters of the TEES system 

parameter value 

Electric heater power ; Qe 
50 MW 

Hot molten salt tank temperature, Th,ms 1183.93°C 
 

Brayton Cycle 
Compressor pressure ratio , Rp 10 

Compressed air temperature ,T4 1100 °C 
Compressor isentropic efficiency,ηis,c 85 % 

Turbine isentropic efficiency, ηis,t 85 % 
Air heater efficiency , Ea,h 90 % 

 

Generator efficiency, ηg 98 % 
Combustion chamber efficiency , η,cc 95 % 

Calorific value ofgas (LHV)or H2 combustible 50000 kJ/kg 

Atmospheric condition , 1 Bar 

Atmospheric condition , 25 °C 
 

Transcritical  Rankine Cycle using methanol 
Condenser pinch point , T1- Tc,o 5 °C 

Cold water inlet temperature , Tc,i 25 °C 
Saturated liquid temperature ,T6 40 C 

Recuperator efficiency , Er 80 % 
Turbine isentropic efficiency , ηis,t 90 % 
Pompe isentropic efficiency , ηisp 85 % 

Generator efficiency, ηg 98 % 
Motorsefficiency, ηm 98% 

(Er:80 % , NTU = 4 ,Cmin /Cmax = 1 [19]).(Ea,h :90 %, NTU = 4.7 ,Cmin /Cmax=0.75[19]). Er and Es,h : counter-flow heat exchanger. 

5. Results and Interpretation  
 
                                                             Table 3 

      Thermodynamic state for each point in cycles 
 state T °C P Bar H (KJ/Kg) S( KJ/Kg-K)  

Brayton Cycle using air 
1 25 1 298.38 6.86 
2 344.57 10 625.96 6.95 
3 1100 10 1484.28 7.85 
4 1100 10 1484.28 7.85 
5 592.34 1 894.79 7.97 
6 147.34 1 422 7.21 

 
Transcritical  Rankine Cycle using methanol 

1 35 200 424852 -5.12 
2 480 200 426697.96 -1.53 
3 33 0.22 425993.78 -1.27 
4 30 0.22 424822 -5.13 

 
                                                          Table 4  

Output operating parameters of the TEES system 
parameter value 

Electric heater power ; Qe 50 MW 
Hot sodium tank temperature, Th,so 1183.93 °C 
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Cold sodium tank temperature, Tc,so 520.21 °C 
Mass flow of Molten salt, ṁso 50.24kg/s 

Brayton Cycle using air 
Real work of the compressor , W (1-2)r 30.284 MW 

Real work of the turbine , WGT(4-5)r 54.496 MW 
Air heater power, Q2-3 50 MW 

receiver power, Q3-4 29.34 MW 
Mass flow of air , ṁai 92.44 kg/s 

Transcritical  Rankine Cycle using methanol 
Recuperator power , Q1-2 43.636MW 
Condenser power , Q3-4 27.7 MW 
Mass flow of steam, ṁst 23.63 kg/s 

Real work of the turbine , WST(4-5)r 16.64MW 
Mass flow of cold water , ṁc,w 662.49kg/s 

Efficiencies 
Round trip electric efficiency ,ηrte 50.41 % 

Thermal efficiency ,ηth 50.41% 
Total Power,Pt=(WGT(4-5)r -WC(1-2)r + WST(4-5)r) .ηg 

- Wp(4-1)r/ ηm 
40.04 MW 

 
Table 5 
Output operating parameters of the TEES system 

ηis,t 70 75 80 85 90 

Pt 

(mw) 

35.666 36.602 37.508 38.409 39.326 

 
                                               Table 6 
                                               Output operating parameters of the TEES system 

ηis,t 70 75 80 85 90 

ηhtor 

ηrte 

44.95% 46.13% 47.27% 48.41% 49.56% 

 
To calculate the cost of storing kilowatt-hours, we have 50 megawatts that enter as heat, and we 

recover 50 percent, or 25 megawatts, and the rest comes out in the form of lost heat, and by 
calculating the cost of producing this heat from a photovoltaic source, i.e. $5.875 million per 25 
megawatt, if we consider $0.23-$0.24/ watt (tees integration in csp plant) 

The station operates 7 hours at night, which is equivalent to 7 sunny hours, and therefore the 
cost of storing kilowatt-hours is (($ kWh =5.875 million $ / (7 * 25 * 1000) = 33.57 kWh$) and this 
number is low compared to US$379/usable kWh batteries [20,21].  
 
6. Conclusion  
 

Solar thermal energy is an inexhaustible resource that benefits the environment. Its integration 
in TEES systems is profitable especially on sites with More sun radiant. The study shows that the 
thermal efficiency of a hybrid thermal power plant using solarthermal can reach 50%, this means that 
the integration of electricity storage using sensible heat in proposed hybrid power plant is possible. 
The study shows that the integration of gas in the hybrid power plant can Ensures continuity of work 
of TEES system. The numerical application is based on an electrical input reaching 50 MW, also The 
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numerical application means that the proposed TEES system store electricity with a roundtrip 
electrical efficiency of 50%.The variance in performance of the TEES system was evaluated as a 
function of changes in isentropic efficiency of steam turbine. Consequently, in order to increase the 
Round trip electrical efficiency of the TEES, it is necessary to choose a high efficiency turbine. 
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