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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.

© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the Scientific Committee of The 15th International Symposium on District Heating and 
Cooling.

Keywords: Heat demand; Forecast; Climate change

Energy Procedia 141 (2017) 18–23

1876-6102 © 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the 4th International Conference on Power and Energy 
Systems Engineering.
10.1016/j.egypro.2017.11.005

10.1016/j.egypro.2017.11.005

© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the 4th International Conference on Power and Energy 
Systems Engineering.

1876-6102

 

Available online at www.sciencedirect.com 

ScienceDirect 
Energy Procedia 00 (2017) 000–000  

  www.elsevier.com/locate/procedia 

 

1876-6102 © 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of CPESE 2017.  

4th International Conference on Power and Energy Systems Engineering, CPESE 2017, 25-29 
September 2017, Berlin, Germany 

Energy and exergy analysis of single slope passive solar still under 
Egyptian climate conditions  

Mohamed S. Yousef a,  *, Hamdy Hassan a,b, Mahmoud Ahmed a,b and S. Ookawaraa 
aEgypt-Japan University of Science and Technology (EJUST), Alexandria, Egypt 

bFaculty of Engineering, Assiut University, Assiut, Egypt 

Abstract 

In this study, a comprehensive exergetic performance investigation of a single slope a passive solar still system is theoretically 
presented. Energy and exergy methodologies have been applied for all components of the solar still comprising glass cover, 
brackish water, and basin-liner. Also, exergy irreversibility analysis was conducted to identify and localize the sources 
responsible for the exergy destruction and losses in the system for further analysis and improvement. The theoretical model was 
solved numerically by using fourth-order Runge–Kutta method and the program was written by MATLAB. To examine the 
validity of the model, the numerical results were verified with the available experimental data in the literature. The numerical 
results were in good correspondence with the experimental data for the components’ temperatures and output productivity. The 
results showed that the maximum energy and exergy efficiencies of the proposed system are 32.5 % and 2.23 %, respectively. It 
is observed that the exergy efficiency has much lower value than the energy efficiency. The maximum irreversibility or exergy 
destruction in each component, i.e. glass cover, saline water, and basin-liner, has been estimated as 61.1, 50.2 and 717 W/m2, 
respectively, related to the maximum solar exergy input of 1005 W/m2. Furthermore, the results showed that exergy destructions 
rates in the solar still is proportional to the received solar insolation. From irreversibility analysis, it is found that the basin liner 
accounts for the highest exergy destruction (86% of the total exergy destruction).  
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1. Introduction 

Drinking fresh water is one of the most fundamental requirement for human beings along with food and energy. 
Although water on the earth constitutes three-quarter of the world’s surface, approximately 97 % of total water 
resource is brackish, and only 3 % is fresh water suitable for drinking, industrial and agriculture needs [1]. The 
accessibility of drinking freshwater is declining day by day; whereas the demand for healthy freshwater is increasing 
steadily. In recent periods, the freshwater scarcity has become a profound worldwide crisis predominantly in 
secluded and arid areas due to increasing of energy crisis, climate change, and global warming. Water distillation 
has recognized to be a good approach to get portable freshwater. To overcome this issue, utilization of renewable 
and sustainable energy source such as solar radiation seems to be a promising way for supplying high-quality fresh 
water. Nowadays, solar distillation is widely employed due to its advantages such as sustainability, environmental 
friendliness, easy operation and low-cost [2]. The performance of the solar stills can be assessed by two 
methodologies; energy and exergy analyses. Energy analysis is focused only on the conservation of energy and 
quantitative aspect energy transfer. Energy analysis has some systematic shortcomings as compared to the exergy 
analysis. Energy analysis doesn’t consider the energy quality during processes and does not show internal 
irreversibilities as well as provides no information on how, where, and how much the performance of the systems is 
degraded [3]. By contrast, exergy analysis considers the quality of the energy and irreversibility destructions during 
energy conversion processes [4]. 

Numerous researchers have investigated the energy and exergy performance examination of solar stills. Torchia-
Nunez et al. [5] theoretically investigated the exergetic performance of a single slope solar still. The results showed 
that the exergy efficiencies of basin liner, water and solar still were found to be 12.9%, 6% and 5%, respectively. 
Vaithilingam and Esakkimuthu [6] presented an experimental examination of the energy and exergy investigation of 
a passive solar still. The findings revealed that for all the water depths considered, the maximum exergy destruction 
belongs to the basin-liner in comparison with the other components. A parametric study is undertaken by Tiwari et 
al. [7] to investigate the thermal performance of active and passive solar stills incorporated with a flat plate solar 
collector. The findings showed that efficiency of the active solar still is highly influenced by operational and design 
parameters such as the glass cover’ thickness, water depth, insulation thickness and a number of collectors. Ranjan 
et al. [8] presented theoretical investigation through the energy and exergy analysis of a single slope solar still under 
climatic conditions of India. An exergy destruction analysis for each component; glass cover, brackish water and 
basin liner, was performed to determine the origins and values of exergy destruction for further research and 
improvement. The results indicated that the energy and exergy efficiency of the proposed system are 30.42 and 
4.93%, respectively. 

Based on the aforementioned literature review, it can be concluded that there are many studies are dealing with 
the energy and exergy investigation of the solar distillation systems. However, none of those previously mentioned 
investigations have been analyzed under Egyptian climate conditions. Therefore, in this study, a theoretical 
investigation of a simple single slope solar still based on energy and exergy methodologies is presented under the 
meteorological conditions of New Borg El-Arab City, Alexandria, Egypt (Longitude/Latitude: E 029º 42´ / N 30º 
55´). Energy and exergy balance equations of all components of the passive solar still have been formulated and 
numerically solved using MATLAB software package. To ensure the validity of the established model, the 
simulation results obtained are verified with available experimental data in the literature. Furthermore, the origins 
and values of irreversibilities of various components and processes of the solar still that contribute to decreasing the 
exergy efficiency are also determined. 

2. Numerical model 

2.1. Energy analysis 

Energy balance principle was employed for various components of the solar still including glass cover, brackish 
water, and absorber plate. The aim of energy analysis is the derivation of a set of temperature-dependent equations 
in order to calculate the temperature of various components of solar still.  

In order to have a brief note and for reasons of brevity, the reader is referred to the reference [9] in which 
different hypotheses of the mathematical modelling can be found. 
      The energy balance for the different elements of the system is as follows:  

http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2017.11.005&domain=pdf
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