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Abstract

Climate conditions of desert at Arabian Peninsullgt high ambient temperatures and very low hutyidatio
values during the year. Development of sorptiomtetogy for water extraction from ambient air witke of
solar energy only is presented.
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1. Introduction

Lack of potable water resources in the desert rsgias led to searching the technologies capalbiart@st the
water from the ambient air. Number of differentheclogies has been already developed, tested giddp
However, extreme climate conditions of the deserrabian Peninsula restrict the use of the mosthefmn.

Autonomous water harvesting unit fully powered ofngm solar energy resources is an ambitious chg#eand
subject of development at Czech Technical UniwgisitPrague.

2. Climate conditions

Characteristic climate conditions of the selectedetit locations at Arabian Peninsula are presentd@ab. 1.
Table shows severity of the climate in the asp&atrdiumidity ratioxe and temperaturig and also available solar
irradiationH on horizontal plane. Fig. 1 shows also cumulafregiuency histograms for humidity ratio and
ambient temperature. City of Rijad (Saudi Arabighibits the most extreme conditions (temperatucanikity
ratio) compared to other environments (Al Dhaid,Fsdqga, Al-Ain or Burajmi) in United Arab Emiratesch
therefore its climate data have been selectedhfordesign and evaluation of solar water extractioih with

minimum average daily production 100 litres of wat€limate of coastal city Dubai has been added for
comparison.
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Fig. 1: Ambient temperature and humidity ratio in selected climates at Arabic Peninsula
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Tab. 1: Characteristic parameters for selected clirates at Arabic Peninsula

Location cd (9kg) (g/kg) el | fewhim?a)
Rijad (SA) 25.6 5.9 3.0 11.0 2217
Burajmi (UAE) 28.4 8.7 27 21.7 1977
Al Ain (UAE) 28.7 11.0 2.2 28.2 2274
Al Faga (UAE) 28.2 11.9 4.7 24 .4 1997
Al Dhaid (UAE) 27.9 13.1 53 304 1977
Dubai (UAE) 278 14.0 25 28.3 2128

Tab. 1 shows that different desert locations harg similar temperatures during the year, but dsfgnificantly
in humidity ratio. While location of Rijad repregsrextremely dry climate conditions, desert loaagiicn UAE
seem to be more humid thanks to position betweersea coasts (see Fig. 1, right).

3. Extraction of water from ambient air

There are many commercially available units fowbating the water from air (EI-Ghonemy, 2012), viliperate
on the principle of direct condensation of watepaar from the air on the cooler, more or less diffety
performing. Such units can be used in regions wihr-round or seasonally high humidity ratio. Hoelev
condensation units cannot harvest significant arhoiwnater in case of extremely dry deserts, atyasd further.
Therefore, the water harvesting unit under devekapns based on the sorption system.

3.1. Condensation unit

To show the functionality of simple condensatiorit wvith low temperature of cooler surface about5(3ee
Fig. 2) the simulations have been performed with ashourly climate data for Rijad (inland) and Bulsea
coast). The unit works with total flowrate of amiti@ir 3500 r'h. Annual daily average water production of
condensation unit in Rijad is about 30 litres pay.df the condensation unit would be operated &, the
average daily water production will reach 200 §tyger day thanks to significantly more humid clienéee
Tab. 2).
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Fig. 2: Condensation unit for extraction of water fom air

3.2. Adsorption unit

Proposed unit works with adsorption of water moleswn the surface of solid desiccant in the rotanthalpy
heat exchanger (see Fig. 3). Desiccant materialggel) adsorbs the water molecules from flowingb#&nt air
to its surface and dehumidified air slightly heaféalvs back to ambient environment. Ambient air twit
significantly low flowrate (one third) is used fargeneration of desiccant. Before entering rotagt lexchanger,
the air flow is heated to high temperature up to®®@0Water molecules are released from the surfiaime
regeneration air flow. Thus regeneration air is flified to higher humidity ratio and cooled doww#poration).
Humid air than enter the cooler with low surfaceperature (5 °C) and water vapour easily condeasdigjuid
water. To compare the performance of water prodoatiith simple condensation, the unit with identicdal
flowrate of ambient air 3500 #t has been modelled (2700 / 80&m. Annual daily average water production
of adsorption unit in Rijad is about 170 litres mlaty. If the adsorption unit would be operated wbBi, the
average daily water production will reach 400 §tper day (see Tab. 2). The model of adsorptiohisitiased
on psychrometric calculations.



The results shown in Tab. 2 has been evaluateshfoe total flowrates and maximum cooling powehefunits
for given climates. The advantage of adsorptiongipie is evident from the figures of water prodoctand
energy performance. In case of Rijad climate, th&gption unit has almost 20 times lower energy atehfor
litre of produced water. In case of Dubai climadtes differences in results between principles aveet. Fig. 4
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Fig. 3: Adsorption unit for extraction of water from air
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shows the water production balance during the f@aRijad climate for both technologies.

Tab. 2: Characteristic parameters for selected clirates at Arabic Peninsula

Fig. 4: Comparison of technologies for Rijad climas

Condensation unit Adsorption unit
Parameter
Rijad Dubai Rijad Dubai
Max. cooling power [kW] 21 29 21 29
Electricity demand [MWh/a] 30 70 12 13
Water production [rfia] 14 143 96 175
Average water production [l/day] 37 391 262 480
Performance factor [kWh/I] 2.2 0.49 0.12 0.07
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4. Prototype of adsorption unit and testing

Air handling unit equipped with a rotary desiccashieel, integrated refrigerant cycle and additidiwalid cooler
and heater has been designed and built for teptingoses and further development of theoreticalahothe
design range of air flowrates is up to 4000 /15Gthr(process air / regeneration air). Internal awpleycle is
based on the refrigerant R134a in order to achidyle temperatures up to 80 °C for regeneratioroatlenser.
The heat from cooling at evaporator is recoveregfeheating of the regeneration air on conderider Second
serial condenser is placed to output of processtainnel to transfer the residual heat power frowlicg to
outflowing process air. Variable speed compresiowa a control of the unit at variable conditicarsd to reduce
power input of the unit when possible. If neededating exchanger is used to increase the temperaftur
regeneration air leaving the condenser by additibeat source, e.g. solar thermal collectors. Hgahanger
placed prior to the evaporator allows to precoelrgeneration air leaving the sorption wheel &wod teduces
the required cooling power and electric power ingfutefrigerant loop. The cross section of the isjiresented
in Fig. 4 together with photo of the prototype ailgtd in test chamber.

MB»l S

210 1836 173 210

)
t

361

1173

Fig. 4: Prototype of the adsorption unit (cross séion, installed in testing chamber)

Tab. 3: Testing conditions in the test chamber

State of air [ot(e;] [g;( Ifg]
) 20 6.0
) 20 10.0
3 30 2.5
. 30 5.0
c 30 7.5
s 30 13.0
y 40 10.0
o 40 16.0
o 40 20.0
0 35 24.0

The unit has been tested to further develop therétieal model of sorption wheel, water productamd to
investigate its energy performance. External aplof the test chamber provides the range of cémanditions
from cold dry air to humid hot air. Testing condits (states of air) are summarized in Tab. 3. Thdahof
sorption wheel had to be corrected based on thdtseBom measurements. The air flow rates during t
experiment were 2100 / 7003%m. Principle correction was non-adiabatic releabevater vapour from the
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desiccant surface of the sorption wheel, whichlffim@sults in lower cooling power required at theaporator of
the cooling cycle (less energy needs). Comparisaleeeloped model with measurement is shown in Fig.

25

20

15

10

water production Mw [kg/h]

5. System layout and modelling
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Fig. 5: Comparison of corrected model and measuremés
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Core of the system for harvesting the water frosedgair is the adsorption unit. To operate thé¢ auionomously
in the desert environment, only renewable energyces available in the desert could be used. Coaljtle
based on speed controlled compressor will be drxeslectricity from the photovoltaic modules coegbiwith
battery storage. Heating of process air in cagesoffficient temperature of regeneration air apoitibf condenser
will be provided by solar thermal collectors (attatively with glazed PVT collectors) coupled witiretmal water
storage tank. Heat removal from precooling heaharger will be realized by night radiant cooling ¢tear sky,
low ambient temperatures) by unglazed PVT collectorcombination of the storage of night cold. Babeme
of the system is outlined in Fig. 6.
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Fig. 6: Principle scheme of solar assisted adsorpti system for extraction of water from ambient airin the desert climate
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The whole system has been modelled with use offjneimulation model. The detailed optimization aysid has

led to several improvements of the initial idegqueasally concerning the recirculation flap (see. g First design

of components for the demonstration system has theee: 70 rhof unglazed PVT collectors as a source of cold
and electricity, coupled with 30%wf PV modules and 20%wf solar thermal collectors as a source of heat.
Results of average daily production of water inaRifor the case of grid connected system and ircéise of
autonomous operation with use of local renewabidg i3 shown in Fig. 7. For this purpose, volumenaiter
storage for cooling has been considered®2fon heating 1 rh Battery storage 25 kWh was needed. The results
reveal the dependency of the production on avalablar radiation. There is underproduction of gatesl water
during the winter and therefore water storage balet applied as a part of the system. Daily aversager
production 100 litres calculated from annual figusbows the potential to meet the target, but énriptimization
(volume of storage tanks, capacity of battery gieyais needed by more detailed parametric simuiatio
especially with use of advanced control of the eaysbperation (shifting the production to hours wiigher
humidity, increase of flowrate, balancing the u$e&lectricity and cold). The realistic operationtb& energy
sources (night cooling, PV system in extreme camusf) will be proved in demonstration installatiarthe desert
located in UAE during 2019.
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Fig. 7: Water production of the system for Rijad cimate

6. Conclusion

The development of the adsorption unit for extatf water from ambient desert air fully powereohf solar
energy has been presented. The unit has beenamdilttested in laboratory and existing theoreticadeh
describing the behaviour has been further developed system concept of the autonomous unit haa bee
developed with use of renewable energy sourcedadmiin the desert climate. First calculationgofential
production of the autonomous solar water from ®iraetion system based on adsorption unit has pedarmed.
The initial target for production 100 litres of waper day can be achieved even in Rijad climate.
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