
Accepted Manuscript

Development of an Automatic Solar-Powered Domestic Water Cooling System 
with Multi-Stage Peltier Devices

Ismaila B. Tijani, Ahmad A.A. Al Hamadi, Khaled A.S.S. Al Naqbi, Rashed I.M. 
Almarzooqi, Noura K.S.R. Al Rahbi

PII: S0960-1481(18)30563-9

DOI: 10.1016/j.renene.2018.05.042

Reference: RENE 10094

To appear in: Renewable Energy

Received Date: 14 November 2017

Accepted Date: 12 May 2018

Please cite this article as: Ismaila B. Tijani, Ahmad A.A. Al Hamadi, Khaled A.S.S. Al Naqbi, 
Rashed I.M. Almarzooqi, Noura K.S.R. Al Rahbi, Development of an Automatic Solar-Powered 
Domestic Water Cooling System with Multi-Stage Peltier Devices,  (2018), doi: Renewable Energy
10.1016/j.renene.2018.05.042

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 DEVELOPMENT OF AN AUTOMATIC SOLAR-POWERED DOMESTIC  WATER 
2 COOLING SYSTEM WITH MULTI-STAGE PELTIER DEVICES
3 * Ismaila B. Tijani (SMIEEE), 
4 Ahmad A. A. Al Hamadi, Khaled A. S. S. Al Naqbi, Rashed I. M. Almarzooqi, Noura K. S. R. Al Rahbi 
5
6 Electrical Engineering, ADMC, Higher Colleges of Technology,
7 Abu Dhabi, UAE
8 *Corresponding: ismaeelbit@ieee.org
9

10 Abstract
11 One of the major problem that comes with summer season in the arid countries is rise in the temperature of water for both 
12 domestic and commercial building usage. At a persistent high temperature up to 55 degree Celsius for almost half of the 
13 year, people have to face challenging and sometimes unbearable hot water for drinking, bathing, and other general use. 
14 Cooling this water using conventional cyclic refrigeration is usually met with huge energy consumption that leads to 
15 upsurge in electricity tariff, and indirect rise in environmental pollution associated with all processes involved. By 
16 leveraging on the abundant solar energy during this period with a cooling technique based on thermoelectric device 
17 approach, an effective solution approach is proposed in this study. The proposed method is based on the philosophy of, 
18 “cooling the water by the heat of the sun”, annexes the environmental friendly solar energy source and cooling technique 
19 to provide comfortable water. Design and implementation strategy towards practical deployment of the proposed solution 
20 is presented. The real-time results and analysis with a developed laboratory scale prototype show the effectiveness of the 
21 system in providing solution to this perennial water problem, and in addition serves as platform for further study.
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Nomenclature
Q:          heat absorption or emission

:    maximum heat absorption or emission𝑄𝑚𝑎𝑥
:         absorbed heat at the Peltier cold side𝑄𝐶
:        absorbed heat at the Peltier hot side𝑄𝐻
:        heat  load𝑄𝐿

COP:     coefficient of performance
Figure of meritΦ:

: Seebeck coefficient, V/oC𝛼
temperature gradientΔ𝜃:

:         Peltier device cold side temperature𝜃𝐶
Peltier device hot side temperature𝜃𝐻:
Peltier device thermal conductance𝐾:
COP𝜑:

R: net resistance of the Peltier device
: resistivity of the Peltier device𝜌
: conductivity of the Peltier device𝜅

W: net input work done
: optimum current at the maximum heat 𝐼

𝑄𝑚𝑎𝑥
𝑜𝑝𝑡

q:            heat flow rate
water temperature gradientΔ𝑇:

:     inlet water temperature𝑇𝑖𝑛𝑙𝑒𝑡
:   outlet water temperature𝑇𝑜𝑢𝑡𝑙𝑒𝑡

A: cross sectional area of water tank
: spacing distance between water tank and Peltier deviceΔ𝑥
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