
 

 
Abstract—The United Arab Emirates (UAE) is significantly 

dependent on desalinated water and groundwater resource, which is 
expensive and highly energy intensive. Despite the scarce water 
resource, stagnates only 54% of the recycled water was reused in 2012, 
and due to the lack of infrastructure to reuse the recycled water, the 
portion is expected to decrease with growing water usage. In this 
study, an “Oasis” complex comprised of Sustainable Farming 
Compartments (SFC) was proposed for reusing treated wastewater. 
The wastewater is used to decrease the ambient temperature of the 
SFC via an evaporative cooler. The SFC prototype was designed, built, 
and tested in an environmentally controlled laboratory and field site to 
evaluate the feasibility and effectiveness of the SFC subjected to 
various climatic conditions in Abu Dhabi. Based on the experimental 
results, the temperature drop achieved in the SFC in the laboratory and 
field site were5 C̊ from 22 ̊C and 7- 15 ̊C (from 33-45 ̊C to average 
28 ̊C at relative humidity < 50%), respectively. An energy simulation 
using TRNSYS was performed to extend and validate the results 
obtained from the experiment. The results from the energy simulation 
and experiments show statistically close agreement. The total power 
consumption of the SFC system was approximately three and a half 
times lower than that of an electrical air conditioner. Therefore, by 
using treated wastewater, the SFC has a promising prospect to solve 
Abu Dhabi’s ecological concern related to desertification and wind 
erosion.  

 
Keywords—Ecological farming system, energy simulation, 

evaporative cooling system, treated wastewater, temperature, 
humidity.  

I. INTRODUCTION 

ESERTIFICATION is one of the major ecological 
problems facing the Arabian Peninsula region. In spite of 

the national, regional and internationally collaborated efforts 
for combating desertification and mitigating the effect of 
drought and desiccation, desertification is still one of the major 
environmental issues in the region [1]. In the UAE, wind 
erosion is one of the major contributors to land degradation due 
to the prevailing hyper-arid conditions, poor vegetation cover, 
and strong wind [2], [3]. With the removal of the fertile top soil 
by erosion, the desertification process is readily progressed and 
accelerated [3]. Therefore, it is important to minimize the wind 
erosion and so as to mitigate the problem of desertification. 

The UAE is characterized by a hyper-arid climate with less 

 
Jongwan Eun, Ph.D., P.E., is Research Associate-Lecturer, with the 

Engineering Division, New York University Abu Dhabi, Abu Dhabi, U.A.E., 
(e-mail: jongwan.eun@nyu.edu). 

Sam Helwany, Ph.D., P.E., is Professor with the Civil and Environmental 
Engineering, University of Wisconsin-Milwaukee, Milwaukee, WI, U.S.A., 
(corresponding author, e-mail: helwany@uwm.edu). 

Lakshyana K.C. is an Undergraduate student with the Engineering Division, 
New York University Abu Dhabi, Abu Dhabi, U.A.E., (e-mail: 
lakshyana.kc@nyu.edu). 

than 120 mm of average annual rainfall [4]. The UAE is 
significantly dependent on groundwater resource and 
desalinated water, which is very expensive and highly energy 
intensive. Despite the scarcity of water resource, only 54% of 
the treated wastewater was reused in 2012 and the remaining 
48% was thrown back into the ocean in Abu Dhabi [5]. 
Moreover, the production of the wastewater is expected to 
continuously increase by 10% until 2030 with the resulting 
increase in total water production from due to the development 
of the urban area, increasing population, and the enhancement 
of life quality in Abu Dhabi [6]. To resolve this situation, the 
Abu Dhabi government ambitiously intends to reuse 100% of 
its wastewater by 2030 [5], [6]. However, the main challenge 
underlying complete utilization of treated wastewater is the 
underdeveloped distribution system [5]. Currently, the treated 
wastewater is used mostly for irrigation of public parks and 
roadsides and for district cooling in residential areas, but this 
consumption does not meet the production of the water [5]. 
Hence, the development of method for better utilization of the 
treated wastewater is a warrant to increase the recycling rate of 
the water in the region.  

In this study, the “Oasis” complex comprised of SFCs in 
using treated wastewater was introduced to increase the 
recycling rate of water as well as to mitigate desertification and 
wind erosion. To verify the effectiveness and the feasibility of 
the concept of the “Oasis” complex and the SFC, an 
experiment, comprising of an SFC prototype, with half the 
scale of the actual structure, was developed and tested. The 
temperature and humidity were monitored during the test in 
both environmentally controlled and field conditions. Energy 
simulation via TRANSYS was also performed to evaluate the 
heat transfer in the SFC and to validate the experimental results.  

II. BACKGROUND 

A. The “Oasis” Complex  

Based on two main motivations for this study, which are the 
environmental issue related to serious desertification in the 
UAE and the plan to increase of utilizing recycling water, two 
main goals can be derived. The first is to manage wind erosion 
to minimize the process of desertification. Another is to 
develop a sustainable mechanism for utilizing treated 
wastewater, such as cultivation of selected plants under 
favorable conditions. To fulfill these goals, the concept of the 
“Oasis” complex is newly introduced (Fig. 1) by the authors.  

The “Oasis” concept is based on the integration of innovative 
ideas and sustainable methods for farming to achieve those 
goals. The “Oasis” complex is composed of SFCs and protected 
zones. To utilize treated wastewater, the “Oasis” complex is 
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