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A B S T R A C T   

With LED lighting systems, 70% of the energy consumed is lost in thermal form. It would be 
possible to increase the efficiency of the system by converting this wasted thermal energy into 
light. Some proposals using Peltier modules have been made. This article is interested in the limits 
of these solutions by evaluating the drop in the luminous efficiency of the LED system induced by 
the thermal effects generated by the addition of the Peltier module compared to the potential gain 
in terms of electrical power produced.   

1. Introduction 

Thanks to its energy efficiency and long lifespan, LED lighting has established itself globally in the space of a decade. Its energy 
frugality contributes to a general desire to reduce energy consumption and environmental impact [1,2]. 

Despite its many advantages (high energy efficiency, light, powered at low voltage, reliable, robust, etc.), it presents nearly 70% of 
energy losses, only in the form of heat, which is still excellent compared to -vis other light sources such as, for example, the incan-
descent lamp for example with 97% of energy lost in the form of infrared radiation and thermal losses [3–5]. 

High Power Light Emitting Diodes (H–P LEDs) are powered at 1W or more in a single LED chip. 
Most of the energy of an LED is converted into heat (only losses because an LED does not emit infra-red or ultra-violet) rather than 

light. 
To ensure good overall performance, the key component of the system is the heat sink. Indeed, an LED chip having a theoretical 

power consumption of 1w, a small part of this power (up to 30% for a very good white LED) is converted into light, the rest is heat. The 
excess heat must therefore be evacuated to the outside by conduction then convection, which requires a heat sink [6,7]. 

Temperature has other negative effects: LED color drifts with temperature and over 50% of premature LED failures are related to 
poor thermal management. Indeed, the fluorescence performance of the phosphor decreases with heat because the blue emitter shifts 
towards shorter wave lengths and therefore the contribution of phosphorus (white light) in the spectrum decreases. Thus, the thermal 
management of the system is the key to quality and reliability [8]. In addition, if this heat cannot be dissipated, the LED will light up at 
very high temperatures. This not only decreases the efficiency but also the lifespan of the LED. For example, if the junction temperature 
increases by 10 ◦C, the power increases, the lifespan of the LED decreases and even the quality of the light decreases. Therefore, the 
LED junction temperature must be kept below 120 ◦C [9–11]. 
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Therefore, thermal management of high-power LEDs is an essential area for research and development. It is necessary to limit the 
junction temperature to a value which ensures the desired service life. 

Different cooling methods have been published by many researchers such as studies on radial heat sinks adapted to circular shaped 
LED sources, have been carried out by Refs. [12–14], on the other hand, liquid cooling of LEDs has been studied for automotive 
applications where active cooling of the heat sink with cold plate has been proposed to dissipate heat [15]. Others have used the theory 
of entropy generation to optimize minimum thermal resistance [16]. Other experiments on LED vapor chamber-based plates have been 
studied [17]. These methods can minimize the junction temperature of LED chips. However, it has some drawbacks, such as high cost 
and poor stability. 

With this, further work has been developed on the phenomena of electrical energy generation in relation to the thermal process, this 
phenomenon is the thermoelectric effect. 

This generator is a solid device that generates electricity from thermal energy. Nowadays, this thermoelectric application is 
considered as a solution for activities in all fields and has wide applications in commercial field such as high-quality temperature 
control [18,19]. Many works deal with cooling by a thermoelectric element through experimental methods. This system was prepared 
to cool high-power LEDs and the result indicated that the junction temperature could be controlled down to less than 45 ◦C at an 
optimum value of thermoelectric module current [20]. Further work of the LED integrated into a TEC (thermoelectric cooler) has 
achieved an electrical energy saving of 22.34% and 44.73% under power dissipation conditions of 20 W and 30 W of the LED chip 
unlike the fluorescent lamp, respectively, but has 2.71% power less than 10 W [21,22]. Most of the work in these studies has focused on 
high power white LEDs and TECs, but the influence of TEC cooling on thermal junction temperature has rarely been investigated. 

From these observations, there are only two solutions to increase the energy efficiency of LEDs: either reduce thermal losses, or use 
them to produce energy that can be converted into light. Some studies have been based on the second hypothesis and have been 

Table 1 
Characteristics of Bridgelux W3500 LED [23].  

Characteristics Value Unit 

Luminous flow 4000 lm 
voltage 24.6 V 
Test current 2.1 A 
Color temperature 3045 K 
Maximum current 3 A 
Case temperature 70 ◦C  

Fig. 1. Picture of the cooling system with TEC.  

Fig. 2. Meshing adopted in the simulation.  
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published showing proof of feasibility. This, using a Peltier module converts the heat flow into electrical energy which is then adapted 
to light up white LEDs. 

However, the addition of a Peltier module on the heat sink increases the thermal resistance and therefore the temperature at the 
level of the LED source and its junction. These thermal effects induce a drop in the luminous efficiency of the LED source. This study 
proposes an energy balance of such a device in order to evaluate the potential gain or the losses generated by the addition of a Peltier 
module (TEC) and thus to estimate the necessary efficiency of a thermal converter which would allow at least a zero gain and discusses 
the limitations of this solution used in an LED lamp. 

2. Model description 

The power LED that we used is a H–P LED Bridgelux BXRA-W3500. The main characteristics of this light source are given in Table 1. 
This study starts by identifying the components of the module that will be used for the simulation. The LED lamp (surface to be 

cooled), the TEC (thermoelectric cooler) and the heat sinks are represented using three dimensional schematics as in Fig. 1. 
The characteristics of a TEC (thermoelectric cooler) are a small size, a long life and a high reliability. We have chosen the Peltier 

module which dimensions are 40x44 × 33 mm. It consists of 83 thermocouples made of bismuth telluride (Bi2Te3), they are connected 
thermally in parallel and electrically in series. These thermocouples are connected by conductive plates based on copper. The copper 
plates are covered by two ceramic plates based on (Al2O3) as an electrical insulator. 

3. Numerical simulation 

A three-dimensional time dependent COMSOL Multiphysics® was used to solve different equations of the system. The physics, 
solver setting and the mesh resolution were refined using this model, after that, a parametric study was adapted using the geometry 
proposed. 

3.1. Equations 

The perfect equations of the model with TEC generator are the one that deals with the heat transfer rates over the junctions of the 
thermoelectric couple, because there’s a part of hot side and cold side. The equations of heat flow and continuity of the electrical 
charge are coupled together with some thermoelectric equations [24–26]. 

3.2. The boundary conditions 

The boundary conditions for the model were set as follows:  

• Heat flux, the density q0 is as follows: 

q0 = − n→.( − λ.∇T) (1)    

• Natural convection: The “LED + Heatsink” is cooled by natural convection (the exterior surfaces): 

− n→.(− λ.∇T)= h(Text − T) (2)  

Where h: the coefficient of convective exchange. 

Text: the ambient temperature 
n→: the normal to the surface outwards 

COMSOL® uses empirical correlations that define the coefficient h according to the geometry. 

Fig. 3. Curve of validation between numerical and experimental results.  
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3.3. Meshing 

The mesh is a fundamental step which conditions the precision of the results. Therefore, we chose a fine mesh since we noted that 
from this mesh the solution has become constant as well as there is an increase in computation time. The number of elements is 
485195. 

In fact, to assure the convergence of the model, the volume averaged temperature of the junction was the key. This was chosen 
because experimentally this temperature is easy to measure, and does not display spatial variation. 

If the mesh is instructed, non-uniform and the refinement in region surrounding the LED is extensive, the value of the junction 
temperature will not be exact. A high resolution is needed (see Fig. 2). 

3.4. Model validation 

The model in this project was in first step validated by experimental measurements done in previous work [27]. As we can see in 
Fig. 3, the steady state is achieved and the temperature is around 60 ◦C. The verification is performed by taking the calculated 
temperature and comparing it with the experimental values at the junction. 

4. Results and discussion 

4.1. Simulation of the thermoelectric module 

The thermoelectric generators produce electricity directly from the flow of heat. The elements are combined in series of pairs of ’P 
type ’ and ’N type’ to increase voltage and power output. The electrons flow from hot to cold in the “N type”; while the electron holes’ 
flow from hot to cold in the ’P type”. This allows them to be combined electrically in series. 

Electrons on the hot side of a material are more energized than on the cold side. These electrons will flow from the hot side to the 
cold side. If a complete circuit can be made, electricity will flow continuously. We used a bismuth telluride module due to its high 
efficiency and high operating temperature [23,27]. 

As boundary conditions, the temperature on the hot side is 100 ◦C, temperature on the cold side is T = 30 ◦C, V = 0V and I = 0A. 
Fig. 4 shows the profile of the temperature obtained by COMSOL’s simulation. 

4.2. Simulation of the LED lamp with TEC 

Through the numerical simulation, the effect of TEC is obviously clear, when the thermoelectric module is added to the “LED + heat 
sink” system, the junction’s temperature increase to 120 ◦C as shown in Fig. 5 and the heat made by this LED is dissipated close to the 
thermoelectric module and the heat sink by natural convection with the ambient air. 

As we said before, a part of the electrical energy is converted onto heat energy. If this one cannot be accrued to the outside in time, 
the heat will be accumulated at the PN junction in the LED, which leads to an increase in temperature. This will lead to the change of 
spatial distribution of the light emitted by the LED. In fact, when the temperature is high enough, the position of the wavelength will 
change, and the peak of the phosphor becomes flat and deteriorate. So, it is necessary to control the junction temperature. 

Fig. 4. Temperature profile in the thermoelectric module.  

Fig. 5. Numerical profile of Junction temperature.  
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Thus, following the heat transfer evacuated by the studied LED (Bridgelux [22]) which is dissipated to the thermoelectric module 
and the heatsinks, we obtained an electric potential gradient of the order of 2 V at the level of Peltier module as shown in Fig. 6. It can 
therefore use this current to turn on other LEDs since the threshold voltage for a red LED is 1.6V. 

TEC is added, as shown in Fig. 7, then, the more the Joule heat is, and it is the enormous Joule heat in this case which results in the 

Fig. 6. Electric potential (V).  

Fig. 7. Comparison of LED board temperature with different values of heat sink’s dimensions.  

Table 2 
The parameters of the heatsinks.  

Parameter Heatsink 1 Heatsink 2 Heatsink3 

length 100 150 180 
width 101.6 101.6 101.6 
height 23.75 23.75 23.75 
Number of heats sinks 30 30 30  

Fig. 8. Profile of the temperature in function of voltage at the Junction temperature.  
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higher junction temperature and that is due to the decreases of thermal resistance of LED when TEC is used. When increasing the 
dimension of heat sink as shown in Table 2, the temperature increases a little but it becomes constant for certain dimension. 

This is due to the gain of energy produced by the Peltier module in the system and overcome the effect of varying the dimension of 
heat sinks. 

4.3. Different input voltage of TEC 

The heat absorbed and discharged turn on the input power of the TEC. Then, the effect of voltage is investigated in the thermal 
behavior in Fig. 8. The TEC continuously increases vary from 0V to 10V. 

5. Energy balance and evaluation of the gain 

The thermal modeling of the LED light source was carried out with and without the Peltier module. In order to assess the energy 
gain, an energy balance must be established. 

For the same injected power, we quantify the luminous flux produced by the power LED with and without the Peltier system/heat- 
sink, to establish an energy balance for the two systems, in order to estimate the gain as shown in Fig. 9. 

We have calculated the energy efficiency obtained numerically of two systems in the following table. 
From Table 3, we found that the efficiency of such a LED system remains low by adding the thermoelectric module. 
By comparison of the total internal energies found during the numerical simulation, we obtain the curve that shows the energy 

produced by the “LED + heatsink” system and the “LED + heatsink + Peltier” effect in the whole system. Then, we added the Peltier 
module and increased the energy of the system produced by the thermoelectric module as shown in Fig. 10. 

From the curve in the datasheet of the Bridgelux LED light source which is the normalized Luminous Flux in function of the Junction 
Temperature [20], we obtain a loss in the efficiency around 18% between the two cases. 

Based on the numerical results and when calculating the difference between the dissipated power and luminous efficiency, we 
obtained an energy loss in the order of 16.5%. 

6. Conclusion 

A 3D digital study was carried out to evaluate the thermal behavior of a high power LED lamp. The heat dissipation performance of 
the LED using a thermoelectric module was achieved using Comsol Multiphysiscs. The effect of the Peltier modulus has been studied 

Fig. 9. Energy balance of an LED.  

Table 3 
Energy efficiency of two cases.  

System Luminous flow [W] Energetic efficiency % 

LED + heatsink 8.34 17 
LED + Peltier Module + heatsink 7.93 16  

Fig. 10. Total internal energy with and without the Peltier module.  
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and discussed. The main results established are:  

- Increasing the junction temperature by adding TEC to the Bridgelux LED + heatsinks system.  
- The efficiency of the LED decreases with a Peltier module from 17% to 16%.  
- The energy loss is about 16.5%. 

If the principle idea seems interesting, we have shown that this basic system generates more losses than gain because the addition of 
the Peltier module increases the thermal resistance and reduces the luminous efficiency of the LED by increasing the LED chip tem-
perature. This kind of system can therefore only be efficient if it does not hinder the dissipation of the LED light source or if the 
conversion of thermal energy into electrical energy reaches an efficiency threshold higher than the current device. 
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