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Figure 2: Convection Currents 

Figure 1  Absorption refrigeration by using direct 
solar energy using aqueous (NH3 & H2O) [1] 

Energy and Climate Tower: The Integration of Absorption 
Refrigeration by Using Ammonia to Build Energy and 

Climate Tower 
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Abstract— The idea of my research project in the future, it basis through knowledge and collect 
information of solar-powered refrigeration technology and Hydrology. The project contributes to 
the reduction of global warming by pulling moisture from the air and generate electricity. 
Convection current is the circular current of air caused by difference in air density resulting from 
the temperature difference be-tween different places. Surface temps higher at equator than at poles. 
Air can gain heat from warm surroundings & move around. Global air circulation determined by 
uneven solar heating and Earth's rotation. 

Index Terms— Absorption cooling, ammonia, dehumidification, energy. 
 
 
I. INTRODUCTION 
Introduction Solar energy is a vast and inex-
haustible source of energy. However, solar 
radiation approaching the earth's surface is var-
iable. Efficient use of this radiation is compli-
cated by this variable nature. The work de-
scribed in this thesis deals mainly with the use 
of solar energy for operating the project of en-
ergy and climate tower. 
Nowadays there is a great worldwide concern 
for the increase in energy demand and the as-
sociated emission of greenhouse gases from 
fossil fuel combustion. The integration of ab-
sorption cooling system in the building of En-
ergy and Climate Tower, which are effective in 
terms of energy, since they make of free re-
newable energy sources.  
As the region is under high temperatures in the 
summer, and the coastal areas characterized by 
high degrees of humidity. The project of ener-
gy and climate tower, will integrate solar mod-
ules for cooling using ammonia from Figure 1  
 
 
 
 
 
 
 
 
 
 
 
 

in building energy and climate tower to im-
prove air quality in the subtropical zone and 
remove moisture from the air, as a outcome of 
the air current moves downward inside the 
tower and then to the outlet from Figure 2, 
which drives air turbine, which produces clean-
er electrical energy and comfortable atmos-
phere.  
 
 
 
 
 
 
 
 
 
 
II. SOLAR-BASED COOLING 
A. Solar-based Cooling  
Solar cooling system with an absorption chiller 
by use ammonia and water. 
The Sun Heat running on air-cooling inside the 
energy and climate Tower, Contrary to what is 
the case where the Sun is working to the 
ground heating. Solar absorption cooling 
(SAC) utilizes harmless working fluids (refrig-
erants) such as water to produce chilled fluid 
for the removal of heat through space-cooling 
(Balghouthi et al., 2005).  
Ammonia as a refrigerant has zero global 
warming potential and therefore these absorp-
tion machines are based on an eco-friendly 
technology [2].  
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Figure 4 Coefficient of performance for different 
values of the external parameters. Cooling in 
series [3]. 

B. Solar Absorption Cooling  
The application of the First Law and second 
law of thermodynamics in absorption refrigera-
tion system is useful in identifying the thermo-
dynamic losses and in finding out where im-
provements might be made. Figure 3 shows 
that energy transfer to and from the fluids of an 
absorption system.  

The rate of heat transfer to the refrigerant in the 
evaporator, denoted by QE, is the refrigerating 
capacity. The system rejects heat QO to the en-
vironment cooling water or atmospheric air) in 
the absorber and condenser. Heat QG is added 
in the generator and work Wp in the pump. 
The heat rejected to the environment is equal to 
the heat transfer QA from the absorber plus the 
heat QC from the condenser. 
Under steady conditions, the rate equation form 
of the first law for the whole system is: 

QA + QC = QG + QE + WP 
The closed system is formed of a series of indi-
vidual processes. Each process can be analysed 
separately from the system by applying the first 
law to the component involved in the process. 
The steady state, steady flow energy equation 
is: 

Where Q and  are the rates of heat and work 
transfer across a closed surface surrounding the 
component, is the steady flow of mass in and 
out of the control volume, h is the specific en-
thalpy, V the velocity, Z elevation, g  the ac-
celeration due to gravity. The subscripts i and e 
denote the states of inlet and exit of the com-
ponent. 

C. The thermal coefficient of performance  
The thermal coefficient of performance (COPth) 
of an absorption cooling system varies with 
operating conditions, including change in tem-
perature levels and load. The  can be 

defined as (Henning, 2007b): 
 
 
 
The maximum theoretical COP for an air con-
ditioning system is expressed by Carnot’s theo-
rem, reduced to the following equation: 
Coefficient of performance maximum is the 
cold temperature divided by the hot tempera-
tures minus the cold temperature. 
 
 
Where Tc is the cold temperature and TH is the 
hot temperature. For space cooling, the cold 
temperature is inside the space; for space heat-
ing, the cold temperature is outside [Power 
Knot LLC, 2015]. 
From Figure 4, it can be seen that the COP is 
strongly affected by the cooling fluid tempera-
ture; the system performance improves if the 
absorber and condenser are cooled in parallel 
streams instead of cooled in series Mahieddine 
D., july 1989]. Higher COPs equate to lower 
operating costs. Because it is a ratio of output: 
loss, unlike the thermal efficiency ratio of out-
put: input energy [3]. 

 

 
 
 
 
 
 
 

D. Properties of Ammonia 
Anhydrous ammonia is a clear liquid that boils 
at a temperature of -28°F as a Table I. In re-
frigeration systems, the liquid is stored in 
closed containers under pressure. When the 
pressure is released, the liquid evaporates rap-
idly. The rapid evaporation causes the tempera-
ture of the liquid to drop until it reaches the 
normal boiling point of -28°F, a similar effect 
occurs when water evaporates off the skin, thus 

Figure 3 External energy transfers for an 
absorption refrigeration system [3]. 
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Figure 5: Crystallization and boiling point 
curves of aqueous ammonium nitrate solutions 
[3]. 

Figure 6:  Pressure-temperature-concentration 
diagram [3]. 

cooling it. This is why ammonia is used in re-
frigeration systems [4][1]. 

 
Table 1: The Arrangement of Channels 

Boiling Point -28°F 

Weight per gallon of liquid at -

28°F 

5.69 

pounds 

Weight per gallon of liquid at 

60°F 

5.15 

pounds 

Specific gravity of the liquid (wa-

ter=1) 
0.619 

Specific gravity of the gas (air=1) 0.588 

Flammable limits in air 16-25% 

Ignition temperature 1204°F 

Vapor pressure at 0°F 16 psi 

Vapor pressure at 68°F 110 psi 

Vapor pressure at 100°F 198 psi 

One cubic foot of liquid at 60°F 

expands to 

850 cubic 

foot of gas 

 
III. ANALYSIS OF ABSORPTION RE-

FRIGERATION CYCLE 
Crystallization and boiling point curves of 
aqueous ammonium nitrate solutions Figure 5. 
The theoretical NH3, H2O cycle is represented 
on the P-T-X equilibrium diagram shown in 
Figure 6. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The process of a continuously operating ab-
sorption system is characterized by the 
points 1 to 6. 
 Point 1 to 3: The strong solution leaves the 
generator and enters the absorber via the 
heat exchanger. The position of point 3 is 
determined by the evaporator pressure (or 
the evaporator temperature TE). 
Point 3 to 4: The solution absorbs the water 
vapour corning from the evaporator. The ab-
sorber temperature TA defines point 4 and gives 
the concentration of the weak solution, Xws. 
Point 4 to 6: The weak solution is transported 
from the absorber to the generator via the heat 
exchanger. The location of point 6 depends on 
the given temperature TG and thus on the con-
denser pressure. 
Point 6 to 1: Boiling of the solution in the gen-
erator. The generator temperature TG defines 
point 1 and determines the concentration of the 
strong solution, Xss. 
Point 6 to 8: Water vapour goes from generator 
to condenser and is condensed. 
Point 8 to 9: Water liquid flows from conden-
ser to evaporator. 
Point 9 to 4: Evaporation and absorption of 
water vapour by the solution [3]. 
 
IV. COOLING AND DEHUMIDIFICATION 

OF MOIST AIR 
The Tower removes moisture from the air in-
side the System. It consists of a heat exchanger 
works through ammonia chiller using solar 
energy. Where it nourishes the chilled water 
pipes with the distributed cold water in the en-
ergy and climate tower. Removing heat within 
the system process of thermal radiation and 
thermal conductivity by using media such as 
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Figure 7:  Dehumidification. (a) Equipment sche-
matic. (b) Psychrometric chart Representation [5]. 

water, air and snow. The process is done by 
passing moist air to cold surface is lower than 
the dew point temperature of the air, vapor in 
the air condensates on the surface. Latent heat - 
vapor - is removed from the humid air calling 
this process cooling and dehumidification, as is 
shown in figure 4. 1 comes into sufficient con-
tact with the cooling surface will be reduced in 
temperature to the mean surface temperature 
along a path such as 1-2-3 in figure 4. 1, with 
condensation and therefore dehumidification 
occurring between points 2 and 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The air that does not contact the surface will be 
finally cooled by mixing with the portion that 
did, and the final state point will somewhere on 
the straight line connecting points 1 and 3. 
For processes involving condensation, the ef-
fective surface temperature, e.g. tdb3 in figure 7 
is called ‘apparatus dew point’ (ADP). The 
mass flow rate of the condensate can be related 
to the mass flow rate of the dry air by applying 
conservation of mass separately for the dry air 
and water passing through the dehumidifier 
section. At steady state [5] 

 

 

The common mass flow rate of the dry air is 
denoted as. Solving for the mass flow rate of 
the condensate 

 

Introducing ṁV1 = ω1ṁa and ṁV2 = ω2ṁa, the 
amount of water condensed per unit mass of 
dry air passing through the device is 

 

The final state point of air passing through a 

cooling and dehumidifying apparatus is in ef-
fect a mixture condition that results from mix-
ing the fraction of the air, which is equal to the 
equivalent by-pass factor (BF) and is at initial 
state point and the remaining fraction which is 
equal to one minus by pass factor (1–BF) and is 
saturated at the apparatus dew point (ADP). 
Total heat removed from the air is given by 
 

Where, QL = Latent heat removed (h1 – h’1), 
and 
             QS = Sensible heat removed (h’1 – h4)  
 
The ratio  is called sensible heat factor 
(SHF) or sensible heat ratio (SHR) 

 

The capacity of the cooling coil in tonnes of 
refrigeration is given by, 

 

Where ma = mass of air,  and h = 
enthalpy in  of air. 
 
V. RELATIONSHIP BETWEEN HUMIDI-

TY AND VAPOR MASS 
A. Relative Humidity and Vapor Mass  
Relative humidity can also be expressed as the 
ratio at actual mass of water vapor in a given 
air volume - to the mass of water vapor re-
quired to saturate at this volume. Relative hu-
midity can be expressed as: 

 

Where Hr = relative humidity (%), mw = mass 
of water vapor in the given air volume (kg), 
mws = mass of water vapor required to saturate 
at this volume (kg). 
 

B. Specific humidity and Vapor Mass 
Specific humidity,  mass of water vapour in a 
unit mass of moist air, usually expressed as 
grams of vapour per kilogram of air, or, in air 
conditioning, as grains per pound. 
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                       ;  
 
Where Pa = Partial pressure of dry air, Pv = 
Partial pressure of water vapour, V = Volume 
of mixture, Ra = Characteristic gas constant for 
dry air and Rv = Characteristic gas constant for 
water vapour. 

 
 
 
But, 
 
 
 
 
 
Where  R0 = Universal gas constant, Ma= Mo-
lecular weight of air and Mv = Molecular 
weight of water vapour. 
 

 
 
 
 
The masses of air and water vapour in terms of 
specific volumes are given by expression as 
 
                             and     
Where va = Specific volume of dry air and vv = 
Specific volume of water vapour. 

 

 
VI. DESIGN ANALYSIS ENERGY AND 

CLIMATE TOWER 
As shown in Figure 8, Convection Currents are 
formed inside the energy and climate tower, 
which the air in the system transfer from top to 
bottom. Because the hot air have less density 
than the cold air.  
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Explain the points in the Figure 5. 1 (1) Hot Air 
and Water Vapor; (2) Solar Heat Exchanger; 
(3) Absorption Refrigeration by using “NH3 
and H2O”; (4) The Outside Temperature is 
40°C; (5) Air Turbine Engine; (6) The Inside 
Temperature is 20°C; (7) Cold Air and its Lost 
Humidity. 
The air temperature inside the tower is lower 
(about 20 degrees) than the surrounding air 
outside the system, allowing the cold air to 
flow up to down, pushing the hot air mass in 
the top of the energy and climate tower system 
as application of the second law of thermody-
namics to down, and so on. The hot air loaded 
with moisture when begin to cold, its moves 
down generating a current called (industrial 
convection stream). The industrial convection 
current within the system begin to rotate the 
wind turbines to generate electricity. 
Also; the energy and climate tower creates 
tropical climate inside the system to collect 
moisture (water vapor) and attract rain-bearing 
clouds to the system. In which water droplets 
condense on the surface of the system from the 
inside, because of direct contact of the hot air 
with cooling wall of the heat exchanger, the 
water will fall to the bottom as an artificial rain 
and collected. In addition to the air compres-
sion within the energy and climate tower sys-
tem as a result of the rotation of the air turbine 
electricity generator which helps in water vapor 
condensation. 
 
VII. RESULTS 
Energy and climate Tower project is an inter-

Figure 8: Sketch into a components of Energy 
and Climate tower 
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esting idea in the Middle East. Where my theo-
retical study and success of the previous pro-
jects indicates how this idea is very important 
in the long perspective. This project is act as an 
address of the smart city. The main results of 
this project are reducing global warming, re-
ducing the Heat Island Phenomena, reducing 
the fog, and reducing air pollution in the most 
densely populated cities.  
On the other hand the work of the tower pro-
vides desalinated water and generate electricity 
without carbon dioxide. 
 
VIII. CONCLUSION 
Under the idea of the project, we need to exam-
ine and evaluate the energy and climate Tower, 
through the work of modeling and simulation 
within the environmental conditions in our re-
gion. Studying the amount of withdrawn mois-
ture from air and the rate of wind speed inside 
the tower. 
 
REFERENCES 
[1] Velmurugan V., Investigation of a Novel 

Solar Powered Absorption Refrigeration 
System With Solar Point Collector, August 
2011. 

[2] Michael J. Moran, Fundamentals of Engi-
neering Thermodynamics 5th Edition. 

[3] Mahieddine Dalichaouch, a Theoretical 
and Experimental Investigation Of An Ab-
sorption Refrigeration System For Appli-
cation With Solar Energy Units, July 1989. 

[4] U.S. Department of Labor, Occupational 
Safety & Health Administration 
https://www.osha.gov 

[5] Engineering Thermodynamics Thirde Di-
tion SI Units Version R. K. Rajput. 

[6] Oceanography: An Invitation to Marine 
Science, 9th Edition. 

[7] Clive V. Dellino, Cold and Chilled Storage 
Technology 2nd Edition. 

[8] Performance Assessment of Solar Absorp-
tion Cooling For Ontario Housing, By 
Courtney Edwards B.Eng., Environmental 
Engineering, Carleton University, Ottawa, 
Ontario, August 2011. 

[9] N. Schrodt, Solid-Liquid Equilibria For 
The Ammonium Nitrate And Monoammo-
nium Phosphate Binary System, October 
1962. And, Harri Kiiski, Properties of 
Ammonium Nitrate Based Fertilisers Dis-

sertation for the Degree of Doctor Philoso-
phiae, Helsinki 2009. 

 
Ali K. Balaha has a Bachelor Degree in Mechatron-
ics Engineering from Islamic University of Gaza, 
Palestine. He is currently working at Ro'ya Associa-
tion for Developing Abilities, Gza, Palestine. Email: 
ali.balaha@hotmail.com. 
 
 
 


