
Accepted Manuscript

Possibility of using PCMs in temperature control and performance enhancements 
of free stand and building integrated PV modules

S.A. Nada, D.H. El-Nagar

PII: S0960-1481(18)30529-9

DOI: 10.1016/j.renene.2018.05.010

Reference: RENE 10062

To appear in: Renewable Energy

Received Date: 01 February 2018

Revised Date: 06 April 2018

Accepted Date: 02 May 2018

Please cite this article as: S.A. Nada, D.H. El-Nagar, Possibility of using PCMs in temperature 
control and performance enhancements of free stand and building integrated PV modules, 

 (2018), doi: 10.1016/j.renene.2018.05.010Renewable Energy

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to 
our customers we are providing this early version of the manuscript. The manuscript will undergo 
copyediting, typesetting, and review of the resulting proof before it is published in its final form. 
Please note that during the production process errors may be discovered which could affect the 
content, and all legal disclaimers that apply to the journal pertain.



ACCEPTED MANUSCRIPT

1

1 Possibility of using PCMs in temperature control and performance enhancements of 
2 free stand and building integrated PV modules 
3 S.A. Nadaa,b* , D.H. El-Nagara, 
4 aDepartment of Mechanical Engineering, Benha Faculty of Engineering, Benha University, Egypt.
5 bEgypt Japan University of Science and Technology, New Borg El-Arab City, Alexamdria, Egypt

6 *Corresponding author (Sameh Nada). Email: sameh.nada@ejust.edu.eg, Mob: +201066611381

7 Abstract
8 Recently, phase change materials (PCMs) are suggested for the temperature control and 

9 the performance enhancement of PV modules. However, the thermal conductivity of the 

10 PCMs is very low and integrating the PV with PCM can adversely affect its performance. 

11 In the present work, the effectiveness of using PCM in thermal regulation and efficiency 

12 enhancement of free stand and building integrated PV modules are investigated. Four 

13 different PV modules; free stand, building integrated, PCM integrated, and Al2O3 

14 nanoparticles enhanced PCM integrated are experimentally investigated. Temperatures 

15 distributions, open-circuit voltage, short- circuit current, output power and the efficiency 

16 of the modules were recorded and analyzed. The results show that (i) integrating the PV 

17 module to the building wall dramatically rise the temperature of the module where the 

18 daily maximum temperature increased from 50 °C to 75 °C, (ii) integrating the free stand 

19 module with PCM box can adversely affect its performance where the maximum daily 

20 temperature increased from 50 °C to 62 °C and adding nanoparticles to the PCM can 

21 improve the performance where the temperature is reduced to 59 °C, and (iii) integrating 

22 the building integrated PV module with PCM box enhances its daily average efficiency 

23 by 7.1 % and the enhancement ratio increases to 14.2 by improving the thermal 

24 conductivity of the PCM by adding 2% Al2O3 nanoparticles. 
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