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Abstract
A significant component in modern buildings’ energy consumption is conventional
vapour compression systems and air conditioners, with which are connected a number
of environmental problems including wasted heat and the emission of greenhouse
gases. One way of reducing these problems is by adapting these systems to be fuelled by solar
energy. Using solar energy to power air conditioning is a very cost-effective way of
meeting the need for cooling.

The purpose of this project is the analysis and comparison of air-conditioning, cooling
and absorption chiller systems used in Saudi Arabia and powered by solar energy.
Three systems are compared. The first draws its energy from a solar collector in the
form of an evacuated tube and cools by means of an absorption chiller. The second is
a more conventional system drawing its energy from the grid. The third collects energy
for cooling by use of solar PV panels. These three are compared to provide a city-wide
economic image for Jeddah and to examine the extent to which the energy market is
prepared for a new source of power. For the purposes of this study, ‘an office space’
is taken to be the space to which air-conditioning is to be provided. This study
examines how energy efficient the various cycles are during a single day of cooling,
taking into account the irradiance in the Saudi Arabian city of Jeddah.
The system with the highest initial cost is the solar PV air conditioning, where it
amounts to 249, 763 euros. Initial cost of the air conditioning (AC) option is 21,455
euros and of the absorption chiller system 99,892 euros. In the short term, the
cheapest cooling system was found to be the solar cooling system. This suggests that
the cost of electricity in Jeddah is significantly low if the solar cooling system can be a
better economic proposition than conventional AC, but given that a typical solar unit has
a 20 year life, a solar system’s total capital cost will be repaid in five years; after that
period, the solar cooling system is both more economical and more eco-friendly than
AC. The study’s conclusion, therefore, is that, while the initial capital outlay is high, a
solar cooling system is a better economic proposition than a conventional cooling
system over the system’s lifespan.

Keywords: Solar energy, Air conditioner, Absorption chiller, Space cooling.
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Abstrakt
En signifikant komponent i modern byggnadsenergiförbrukning är konvontionell
ågnkompressionssystem och luftkondition, vilket hänger ihop med flera miljöproblem
såsom högt värme och emisson av växthusgas. När man anpassar dess sysstem som
drift till solenergi minskar man ovannämda problem. Att använda solenergi för driva
luftkonditionering är ett väldigt kostnadseffektivt sätt för att bemöta behovet av kylning.
Syftet med detta projekt är analys och jämförelse av luftkonditionerings, kyl- och
absorptionskylsystem som används i Saudiarabien och drivs med solenergi.
Luftkonditionerningskylsystem hämtar sin energi från en solfångare i form av ett
evakuerat rör och kyls med hjälp av en absorptionskylare.
Det vanliga kylsystemet tar emot sin energi från nätet. Absorptionskylsystemet samlar
energi för kylning med solpaneler.Dessa tre jämförs för att ge en stadsövergripande
ekonomisk bild för Jeddah och för att undersöka i vilken utsträckning energimarknaden
är beredd på en ny kraftkälla. I denna studie anses 'ett kontorsutrymme' vara det
utrymme som krävs till luftkonditionering.
Denna studie undersöker hur energieffektiva de olika cyklerna är under en enda
kylningsdag, med hänsyn till bestrålningen i den saudiarabiska staden Jeddah.
Systemet med den högsta initialkostnaden är solenergi PV-luftkonditionering, där det
uppgår till 249,763 euro. Startkostnaden för luftkonditioneringsalternativet (AC) är
21,455 euro och för absorptionskylsystemet 99,892 euro. På kort sikt befanns det
billigaste kylsystemet vara solvärmesystem. Detta antyder att kostnaden för el i
Jeddah är betydligt låg. Men en typisk solenhet har 20 års livslängd vilket betyder att
solsystemets totala kapitalkostnad att återbetalas i fem år; efter den perioden är
solvärmesystemet både mer ekonomiskt och miljövänligare än AC.
Studiens slutsats är att även om det ursprungliga kapitalutlägget är stort, är ett
solkylsystem ett bättre ekonomiskt förslag än ett konventionellt kylsystem över
systemets livslängd.
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Abbreviations
IEA

International Energy Agency

PV

Photovoltaic

R&D

Research and Development

RES

Renewable Energy Source

ERI

Energy research Institute

CSP

Concentrating solar power

IRENA

International Renewable Energy Agency
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1 Introduction
Saudi Arabia is a leading producer globally of electricity from oil. A great deal of the
demand for energy comes from residential and industrial users. Refrigeration and airconditioning are basic needs in this country and increasing demand for human comfort
has seen an increase in electricity consumption and loading on electricity supply grids.
The predominant Saudi Arabian climate is hot desert and, during summer months,
70% of total electricity consumed goes to drive air-conditioning. The period 2007 to
2017 was expected to see a doubling in installed capacity for electricity generation to
meet a demand that was increasing at between 4% and 8% annually [1]. This created
a demand for cooling solutions that would use less electricity. Figure 1.1 shows
increases in energy production from 2003 and almost no production from renewable
energy.

Figure 1.1 Total energy production in Saudi Arabia. [3]
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SCECO, an electricity generating company in Saudi Arabia, created a program of load
demand reduction to place limits on the amount of electricity consumed in office
buildings by air-conditioning during the peak load period of 13:00 hours to 17:00 hours
in summer in order to ease pressure on the grid [2].
There is production of renewable energy in Saudi Arabia and the climate creates very
significant potential for solar energy to be used. Although quite high, solar irradiance
is not used in generation of power. National plans call for the development of
renewable energy capacity of not less than 60 gigawatts (GW) during the next ten
years. 40 GW it is to be photovoltaic solar power, 3 GW concentrated solar power and
16 GW wind power [20].
A good way of using solar power is for electricity to run absorption refrigeration cycle
devices to be generated by solar PV. Another possibility is the absorption of heat
energy by means of a solar collector and its transfer to operate absorption chiller
cooling systems.
At present, little work has been done on examining and comparing overall energy use
for this way of running indoor cooling applications on solar energy.
Cooling technologies that are thermally driven can be an improvement on the
conventional solar PV refrigeration cycle combination. Their most important advantage
is their ability to operate using low grade thermal energy, which not only reduces
operating costs but is also more environmentally friendly – especially as, thanks to
using water rather than a chemical refrigerant, they are much less damaging to the
environment.
Maximum benefit is obtained when solar energy is used as the heat source. The
maximum load imposed by cooling occurs during summer, which is also when solar
radiation is most available, providing even more attraction to the use of solar energy
for summer cooling [4].
Solar power would therefore be at least among the best and most sustainable
solutions for Saudi Arabia’s energy needs and this thesis is focused on the use of solar
energy for commercial cooling.
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1.1

Aim of study

Saudi Arabia continues to see an increasing need for cooling technologies. In solar
energy, the country has renewable energy in abundance and is capitalizing on it. The
primary aims of this study were influenced by increasing demand for new ways of
keeping cool and dry, particularly in Jeddah and similar large towns which experience
only occasional rain, and which are most vulnerable to high temperatures.

The aim are:
i.

To describe and design an office cooling system for Jeddah using conventional
air-conditioning.

ii.

To provide comparisons of three different cooling systems in order to find the
option that will have the greatest economic viability in meeting the demand for
cooling in Saudi Arabia.

iii.

To develop estimations of total load after computing the load requirements of
an office air-conditioning system.

iv.

To examine investment in a solar-driven cooling system for Jeddah and
compare it to the cost of investing in conventional systems.

v.

To discuss possible future benefits to Saudi Arabia from adopting solar energy.
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2 Background
High outdoor temperatures in the Middle East mean that building interiors must be
cooled. Solar radiation is substantial all through the year and air-conditioning has
become common (and sometimes overused) in the region, loading the electricity grid
with high peak loads for the reduction of which a number of parameters can assist.

The first step should be to reduce the need for cooling by reducing internal loads
which, in essence, means keeping indoor temperatures down by protecting the interior
from the sun’s radiation. There is in summer a strong correlation between solar
radiation and the air conditioning load, leading to the idea of running air-conditioning
systems using energy from solar radiation, thus reducing peak loading on the grid.

2.1

Solar energy in Saudi Arabia

A central government strategy is to make Saudi Arabia less dependent on oil by having
a larger renewable energy component in the energy mix, by which is meant the totality
of sources of primary energy used for domestic energy consumption. Energy sources
can include: coal, oil, natural gas and other fossil fuels; nuclear energy; energy from
waste; and a variety of renewable energy sources including solar energy, wind,
geothermal energy, biomass and others. These primary sources are converted into
the secondary energy forms that society requires in order to function, such as
electricity and fuel for transportation. The current energy mix in Saudi Arabia is oil and
gas, very unsustainable fossil fuels, shown in Figure 1.1. [1]

While oil is of enormous economic importance in Saudi Arabia, the interest in
renewable energy began in the 1960s with what was probably the first solar-powered
hydrogen-generation plant anywhere. Significant research and development began in
the following decade with the foundation of “two major international joint research and
development programs, in cooperation with the United States of America and the
Federal Republic of Germany, aimed at developing renewable energy technology and
demonstrating its applications by designing and installing several pilot projects.” [5].
These programs known as HYSOLAR [21] were the starting point for research in Saudi
|Background 4

Arabia into renewable energy in which the kingdom was a frontrunner with BP Solar
Arabia Ltd and the Energy Research Institute only two of the companies and
institutions supporting initiatives concerning solar energy. At the same time,
government initiatives sought to increase public awareness of climate change and
environmental issues [6]. The government subsequently established King Abdullah
City for Atomic and Renewable Energy (KACARE) with responsibility for developing
an atomic and renewable energy program; this program is still working in the area of
renewable energy.

Saudi Arabia has major advantages in the use of solar energy as a renewable energy
source and these make solar power an obvious choice in the kingdom. Immense
uninhabited stretches of desert are ideal locations for very large solar parks to harness
solar energy [5], and this advantage is backed up by some of the most intense solar
irradiance in the world. One study endorsed solar power (CSP) solar-thermal,
photovoltaic energy (PV) and wind as the kingdom’s renewable energy technologies
with the greatest potential [7]. Delivered costs of electricity from these technologies
are falling and in some cases the fall is rapid. IRENA (the International Renewable
Energy Agency) describes renewable technologies as having become the most
economical way of providing new capacity in increasing numbers of regions and
countries [8]. This trend is expected to continue with further improvements and new
breakthroughs likely in renewable energy technology.
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3 Theory
3.1

Solar thermal driven cooling system

In this system, solar energy is used to produce hot water which is then converted by
means of an absorption chiller into cold water which is circulated during peak hours
through cooling coils in strategic locations around the office space in order to reduce
the room temperature.

Figure 3.1 Schematic representation of solar thermal driven cooling system.

3.1.1 Solar evacuated tube collectors
The solar collectors absorb solar radiation with which they heat the transfer medium
as a way of converting the solar radiation to heat. Evacuated tubes are, in effect, two
concentric glass tubes, sealed at the ends and with a coating sensitive to solar
radiation on the inside tube which, because of their improved thermal insulation and
relative insensitivity to sunlight’s direction, are an efficient way of collecting solar
energy.
|Theory 6

A high vacuum between the concentric tubes reduces to a minimum or entirely
eliminates losses through convection and gives the highest level of thermal insulation.
The coating collects solar radiation and transfers it to the heat pipe which the inner
tube surrounds and which contains water, ethylene glycol or some other heat transfer
fluid to deliver heat to the system’s manifold. The liquid’s low boiling point causes it to
vaporize when heated and rise rapidly to the top, delivering significant amounts of
energy to the manifold. Transferring the heat to the manifold causes the vapor to
condense to a liquid that returns to the bottom of the heat pipe. Heat transfer is
facilitated by an aluminium fin which is held in the tube by means of a spring clip and
also provides a mechanical support to keep the heat pipe in position.

3.1.2 Storage tank
Heat gathered by solar thermal collectors is stored in a hot water storage tank which,
provided it has a volume in liters of fifty times the surface area of the collector, is
designed to provide a continuous supply of heat [19].

Because of the need to continue to provide a constant input of heat when the sun is
obscured by cloud, hot water storage is an essential part of the design of solar-assisted
cooling systems. The storage tank is subject to a loss of heat equal to 2 hours per day
and providing the tank with good insulation using phase change material such as fatty
acids or paraffin wax keeps heat loss to a minimum.

3.1.3 Absorption chiller
An absorption chiller produces chilled water from the hot water generated by means
of solar collectors and comprises the following components:
1. Generator
2. Condenser.
3. Evaporator.
4. Absorber.
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Generator: When the host medium’s inlet temperature exceeds a preset figure, dilute
solution is pumped into it. The generator’s tubing bundle’s surface is so positioned that
it will boil the solution with which it is in contact and also the vapor which is released
and, as a result, rises as a refrigerant vapor into the condenser where it condenses to
form a concentrated solution. When this concentrated solution has dropped into the
generator, it drains into a heat exchanger.

Figure 3.2 Absorption chiller cycle schematic diagram [17]

Condenser: The refrigerant vapour condenses on the surface of the cooling coil in the
condenser and the latent heat taken from the room by the cooling water passes to the
evaporator from the condenser sump which collects the accumulation of refrigerant liquid.
Evaporator: The absorber’s influence causes a deeper vacuum to be experienced
inside the evaporator by the refrigerant fluid. Contact with the evaporator coil vaporizes
the refrigerant fluid and, in so doing, removes from the chilled water circuit the
|Theory 8

equivalent amount of refrigerant latent heat. When the recirculating chilled water has
cooled to a preset level, the absorber attracts the refrigerant vapor.

Absorber: A deeper vacuum is created by the affinity of the concentrated solution
produced by the generator and used in formation of refrigerant vapor. A concentrated
lithium bromide solution flows across the absorber coil's surface and absorbs the
refrigerant vapour. The heat of condensation and dilution is removed by the cooling
water which absorbs and redirects it to a cooling tower where a heat exchanger
preheats the dilute solution before returning it to the generator in a constantly repeated
cycle.

3.1.4 Cooling coils
The absorption chiller produces chilled water which is then circulated through the heat
exchanger to cool air for use in office air conditioning. Copper is widely used as the
main material because it is an excellent heat conductor and does not react with water.
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3.2

Grid electricity driven air conditioning

This system, which is currently the cooling method most commonly used in Saudi
Arabia, draws electricity from the grid and can be described as a conventional system.

As Figure 3.3 illustrates, there are connections to the grid from the office and all its
equipment including the air-conditioners.

Figure 3.3 schematic representation of Grid electricity driven air conditioning

3.2.1 Air conditioners
Air-conditioners are devices that lower air temperatures. They are used most widely
for cooling homes and automobiles. For the most part, the cooling method is a simple
refrigeration cycle, but evaporation is also sometimes used.

When a building is constructed with built-in heating, ventilation and air conditioning
systems, this is known as
HVAC [23].
Furthermore, to understand the cycle of an air conditioning system to operate with
economy, the refrigerant must be used repeatedly. The refrigerant comes into the
compressor as a low-pressure gas, it is compressed and then leaves the compressor
as a high-pressure gas. Then the gas flows to the condenser.
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Figure 3.4 schematic representation of basic of air conditioning cycle [23].

In the condenser the gas condenses to a liquid state and gives off its heat to the
outside air. The liquid then moves to the expansion valve under high pressure. This
valve will restrict the flow of the fluid and lowers its pressure as it leaves the
expansion valve. The low-pressure liquid then moves to the evaporator, where heat
from the inside air is absorbed and changes it from a liquid to a gas. As a hot lowpressure gas, the refrigerant moves to the compressor where the entire cycle is
repeated [23].
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3.3

Solar PV driven air conditioning

This system is similar to grid electricity driven air conditioning the difference is
electricity is produced from solar PV as shown in figure 3.5

Figure 3.5 schematic representation of Solar PV driven air conditioning.

3.3.1 Solar PV
In a Photovoltaic system, the photovoltaic element converts sunlight into energy for
use where ever it is needed. Photovoltaics, or solar cells, are electronic devices
capable of the direct conversion of sunlight into electricity. In their modern form, they
were developed in 1954 at Bell Telephone Laboratories and they are today among the
fastest growing renewable energy technologies. They are expected to form a
significant part of future global energy mixes. Their modular nature and size, which put
them in the reach of small businesses, cooperatives and, indeed, individuals, make
them a very democratic technology. They can permit small businesses to generate
their own electricity and control its price [22].
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4 Case study
4.1

Climate of Jeddah city

Saudi Arabia it is easily the largest country in the Arabian Peninsula, of which it
occupies some 80%. It lies between latitudes 16° E and 33° N, and longitudes 34°E
and The Arabian Desert dominates national topography along with semi desert and
scrub. There are a number of mountain ranges and highlands. The temperature in
summer averages 43 °C but temperatures as high as 54 °C have been recorded.
Winter temperatures almost never fall below 10 °C, and the spring and autumn
average is 29 °C.
Jeddah is the country’s commercial capital and the most important urban centre in

Western region. It is in the Hijaz Tihamah region and is situated on the Red Sea coast.
Its coordinates are 21°32′36″N 39°10′22″E .

Jeddah is characterized by the hot desert climate type that is typical throughout the
peninsula. It is arid and the temperature range is tropical. Rainfall occurs very
sporadically and usually in fairly light showers. In contrast with other Saudi Arabian
cities, Jeddah in winter keeps its warm temperature, Throughout the year,
temperatures can be in the range 15 °C at dawn to 28 °C in the afternoon.
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Figure 4.1 Annual solar radiation in kWh per m2 in Jeddah, 2016 [13]

The slope angle is 28˚ and azimuth angle -2˚. Total losses amounting to 28% of
generation include inverter losses, cable losses of 14%, 2.6% angular reflection loss
and 13.4% loss due to temperature and irradiance effect.

Figure 4.1, which illustrates annual solar radiation, shows that irradiation suffers a
small reduction during the winter, beginning in mid-October and extending until early
February, leading to generally cool winters in which the average temperature is 30°C
in Jeddah Saudi Arabia, 2019. The winter months of December to early March see
less solar radiation; January, with approximately 150 kWh/m 2, has the lowest level of
solar radiation and this is consistent with January’s status as Jeddah’s coldest month.

From March until the beginning of the next winter, solar radiation is high, and this is
consistent with meteorological records showing the months May to September as
usually being hot in Jeddah with an average temperature of approximately 37°C.
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4.2

Solar radiation and solar goeometric.

The PVGIS website was used to find the solar irradiation. Figure 4.2 shows the
monthly solar irradiation at Jeddah (Lat: 21.32 Long: 39.10) [12]. As can be seen,
irradiation is perfect in the summer season and very good for the rest of the year.

Figure 4.2 Monthly irradiation for fixed angle © PVGIS, 2017

When siting a photovoltaic installation, a central objective is to avoid shading that could
reduce the output of energy. The PV panel must be sited where it will intercept
maximum sunlight, and this requires that the rays arrive vertically at the panel. In
Jeddah, siting a PV panel is vital especially in view of the region’s very high solar
radiation throughout the year. As shown in Figure 4.3, Jeddah’s solar irradiation peaks
at 222 kWh/m2 during March and October. In-plane fixed angle solar radiation is at its
lowest in June (179 kWh/m2) and July (184 kWh/m2).
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Figure 4.3 Global horizontal irradiation, Saudi Arabia (source: SOLARGIS) [12]

Saudi Arabia’s geographic location means that it is generally well-placed to capitalize
on solar energy. Figure 4.3 shows that annual solar radiation exceeds 2400 kWh/m2.
Most places in the country have high GHI (Global Horizontal Irradiation) values with
fairly low variability [5], this means that GHI values lend themselves to high PV
technology performance in most places in Saudi Arabia, but there are some areas in
which extremely high temperatures averaging annually more than 30°C can impair the
performance of some PV types. It is also the case that high incidence of dust deposits
may mandate frequent panel cleaning. To better understand solar irradiation in Saudi
Arabia, Figure 4.3 shows high solar irradiation capable of being capitalized in the near
future.
PVGIS results show that annual PV electricity production can be 1800 kWh/m2, a high
amount electricity that can contribute strongly to Saudi Arabia government goals for
2030.
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As can be seen, the potential for photovoltaic power is higher in the country’s north
coastal area, including our case study city, Jeddah. Jeddah is an excellent location for a
solar energy system capable of producing energy at the highest levels.

4.3

Office design and calculation parameters

This project’s main aim is to use solar power to drive air conditioning in an office space.
The project area comprises working space, a conference room and a rest room. The
main entrance is to the north and there are two windows to the south, as shown in
figure A in the appendix.
A number of assumptions have been made to simplify calculations:
•

The external walls are constructed of 8-inch stone with 5/8-inch light aggregate
plaster on the inside surface with U (= 0.63 Btu/ft²F). See appendix Table A

•

The roof is flat and is covered with built up roofing with a 4-inch concrete deck
topped by suspended plaster and 2-inch insulation.

•

A 20⁰C ambient temperature is to be maintained inside the office.

To calculate the cooling load for normal design conditions [14], the net area of the wall
should first be calculated by subtracting the total area made up by doors and windows
from the total area of the wall in the specified direction. See appendix Table B.
As the study concerns cooling, the equivalent temperature should be considered and
is defined as: The difference between outdoor and indoor temperature together with
the daily range. Equivalent temperature values are given in Appendix Table C.
The equivalent temperature is corrected by a factor obtained by comparing the
difference between outdoor and indoor temperatures with the difference between the
outdoor temperature and the daily range.
Corrected equivalent temperatures [14] are presented in Appendix Table C.
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5 Calculations
5.1

Cooling load calculations

It is necessary to calculate the amount of cooling needed for the office. Three cases
will be considered, but all will have the same cooling requirements.

5.1.1 Daily electricity load demand estimate
Electricity consumption per day can be calculated from the device’s power
consumption rating and the number of hours it will be operating. These calculations
are shown in Table 5.1; as it shows, the office has a number of devices including
computers, printers, and lights, most of which are switched on for eight hours each
day for five days.
Table 5.1 Estimated electricity Load calculations

Load

Rated power
(W)

No. Of
devices

Hrs/day Total
(w)

W/day

Total kWh/day

Computers
Printers
Lights
(LEDS)
Total

100
40
10

35
2
25

8
2
8

28000
160
2000

28
0.16
2

3500
80
250

30160

30.16

A more accurate calculation would include the following modifications for infiltration:
•

6.5 ft2 for each wooden door.

•

11 ft2 for each glass door. (cubic feet per meter, CFM)

For both values [14]. The total infiltration value is 400BTU/hr. Diversity factor = 0.6

The infiltration load for office = 0.6*400= 240 BTU/hr =0.07 kWh.
More details can be found in appendix table D
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5.1.2 : Solar gain
•

Solar gain – glass

This describes heat from solar radiation entering the building after passing through
glass.

Solar gain from the south is 0.31 Btu/(hr)(sq.ft), the U-value of the window
arrangement. In the case of the steel sash used to fit the glass, the sun gain must be
multiplied by 1.17(i.e. 1/0.85). [14]. More details can be found in appendix table E
Hence, A1 = 348.19 BTU/hr= 0.102 kWh.
•

Heat transmission through walls and roof

This refers to heat from solar radiation that is transmitted through the building’s walls
and roof.
•

Heat gain through wall = (area in sq ft) * (U value) * (Equivalent temperature
difference)

Sample calculation
•

Heat transmission through WEST wall = 600*0.63*23=8694 BTU/hr.

Hence, the total heat gain through west wall is 8694 BTU/hr. See appendix table F
Hence A2= 106477.2 BTU/hr=31.2 kWh.
• Transmission gain apart from walls and roof
This refers to heat from solar radiation transmitted into the building other than through

the roof and walls.
Hence A3= 1209.6BTU/hr=0.354 kWh.

More details can be found in appendix table G.
Infiltration and ventilation air
Infiltration refers to the unintended air flow from the external environment into a
•

thermal zone and results for the most part from exterior doors being opened and
closed, cracks around windows, and – though in small amounts – through building
elements.
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Infiltration= CFM* Temperature difference *1.08=240*25*1.08= 6480 BTU/hr

Ventilation describes the exchange or replacement of air to ensure high quality of indoor
air. It includes temperature control, replenishment of oxygen, and removal of smoke,
moisture, dust, odors, heat and airborne bacteria as well as gases including carbon
dioxide. It is among the most significant ways of maintaining acceptable quality in
indoor air in buildings.

Ventilation

air=

CFM*Temperature

difference*1.08*bypass

factor=(10*40)

*25*1.08*0.3= 3240 BTU/hr

A4=31995BTU/hr=9.376 kWh. More details can be found in appendix table H

Hence A5 =8600 BTU/hr=2.52 kWh. More details can be found in appendix table I
∑A: Total Office area Sensible heat
Sensible heat is a type of energy absorbed in the atmosphere and is related to
changes in temperature of a gas or object unaccompanied by any change in phase.
Total office area sensible heat is found by adding together the solar gain, solar
transmission whether or not through walls and roofs, infiltration and ventilation and
internal heat gain.

Total office area sensible heat= A1+A2+A3+A4+A5
=348.19+106,477.2 +1209.6+29,970+8600= 146,604.99 BTU/hr
=42.9656 kWh.
More details can be found in appendix table J
A7: Effective Sensible Heat
Effective sensible heat is the total of sensible heat and the total office area’s thermal
storage. If thermal storage amounts to 10% of the total office area, the sensible heat
= 0.1*146604.99= 14660.499 BTU/hr=4.296 kWh.
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Effective sensible heat= Total Sensible heat + Thermal storage
= 161265.5 BTU/hr=47.2622 kWh.

5.1.3 Latent heat
Room latent heat
Latent heat is energy released in the atmosphere and is related to changes in phase
between liquids, gases, and solids.
Latent heat through infiltration = CFM*Temperature difference*1.08

= 240*25*1.08=6480 BTU/hr

Latent heat through Ventilation = CFM*Temperature difference*0.68*bypass factor

= (10*40)*25*0.68*0.3=2040 BTU/hr

The total sensible heat released is the product of the number of people and their
individual latent heat values. Room latent heat subtotal= 23795BTU/hr
The supply duct and safety factor is 5% of room total sub heat

=0.05*17920= 896BTU/hr

Hence, total room latent heat = 896 BTU/hr= 0.262 kWh.

Effective room latent heat
Effective room latent heat= Room latent heat+ supply duct & safety factor

=17,920+896=18,816 BTU/hr=5.514kWh.
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5.1.4 Effective heat & ventilation heat
Effective room total heat
The effective room total heat is a room’s effective sensible heat added to its effective
latent heat.
Effective room total heat= Effective room sensible heat+ Effective room latent heat.

= 161265.5 +18,816 = 196,958 BTU/hr = 57.72 kWh.

Ventilation Heat
Ventilation involves the exchange or replacement of air in a given space to ensure high
quality of indoor air. It removes unpleasant smells and excessive moisture, introduces
outside air, maintains the circulation of air inside the building and prevents it from
stagnating. Ventilation heat is the heat gained through ventilation.
Sensible heat= 1.08*CFM*(1-bf)*Temperature difference

= 1.08*(10*40)*(1-0.3)*25= 7,560 BTU/hr=2.215 kWh.

Latent heat= 0.68*CFM*(1-bf)*Temperature difference

=0.68*(10*40)*(1-0.3)*25=4,760 BTU/hr=1.395 kWh.
Ventilation heat= Sensible heat Latent heat=12,320 BTU/hr=3.61 kWh.

Grand total heat subtotal
The grand total heat subtotal is found by adding effective room total heat to Ventilation
heat. Grand total heat subtotal = Effective room total heat+ Ventilation heat
=209,278 BTU/hr=61.333 kWh.
Return duct heat gain or leak
Return duct heat gain or leak is 2% of grand total heat subtotal Thus, 2% of 209,278
BTU/hr

=4,185.56 BTU/hr=1.22666 kWh
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5.1.5 Grand total heat:
Grand total heat is found by adding Grand total heat subtotal to return duct heat gain
or leak.

Grand total heat G = Grand total heat subtotal+ return duct heat gain or leak
G= 213,463.56 BTU/hr=62.559 kWh.

5.1.6 Cooling load (demand):
The preceding calculations are summarized in Table 5.2. All values affecting the
cooling load are in British Thermal Units to improve accuracy before conversion to
refrigeration tonnes at the grand total needed.
Table 5.2 Total Cooling demand calculations for the office

Description

Total (kWh)

Solar gain through glass (A1)

0.10

Solar gain through walls and roof (A2)

31.21

Transmission gain except walls and roof (A3)

0.35

Infiltration and ventilation air (A4)

8.79

Heat gain b human body and electronics (A5)

2.52

Total heat gain (∑A)

42.97

Effective Sensible Heat (10% of ∑A)

8.59

Room latent Heat (B1)

0.26

Effective room latent heat (B2)

5.51

Effective room total heat (C)

57.72

Ventilation Heat (D)

3.61

Grand total heat subtotal (E)

61.33

Return duct heat gain or leak (F)

1.23

Grand total heat (G)

62.56
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Since the design of an air-conditioning system uses cooling loads, it is necessary to
convert the office’s effective heat gain into cooling load by converting BTU/hr into
refrigeration tonnes.

Tonnes of refrigeration required = grand total heat/12,000

= 231463.56/12000=17.789 RT

Thus, 18 tonnes of refrigeration are needed to cool this office area.
An air conditioning system’s consumption of electricity is calculated by converting of
the necessary refrigeration tonnes into kilowatts.
Converting RT into kW

1RT = 3.5168525 kW=17.789*3.5168525 = 62.5578= 63 kW.
In conclusion, 63 kW of cooling are needed in the case study.

5.2

Case 1: Solar thermal driven cooling system

The absorption chiller used in this case study is the Yazaki WFC-SH 10 model. It uses
water as the refrigerant and lithium bromide as the absorbent. Any absorption
refrigeration system’s capacity depends on the absorbent’s ability to absorb the
refrigerant.

This model can be used for both heating and cooling purposes and has sufficient air
conditioning capacity for the office space discussed in this study.
As already demonstrated, the system used for this project must be able to produce
about 18 tonnes of refrigeration. The Yazaki WFC-SH10 can produce from 5 to 50 tons
of refrigeration [15]. Its other properties are listed in appendix Table I.

The chiller’s cooling and heating cycle, as described in chapter 3.1, comprises four
main parts.
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Table 5.3 Yazaki WFC-SH 10 Absorption Chiller [16]

Description

Comment

Heat medium inlet temperature

35⁰C

Heat medium flow

38 gallon/min

Cooling water inlet temperature

31⁰C

Cooling water flow

80.8 gallon/min

Chilled water outlet temperature

7⁰C

Hot water outlet temperature

55⁰C

Chilled/hot water flow

24.4 gallon/min

Absorption chiller-heater model

WFC-SH 10

Heat medium (HM) flow correction factor

1.0

Cooling capacity factor

0.2

Heat input factor

0.18

Cooling capacity
Cooling capacity (Qe) = cooling capacity factor* HM flow correction factor * Standard
cooling capacity
= 0.2*1.0*120= 24 MBTU/hr= 6.44756 kWh.

Heat input (Cooling)
Heat input (cooling) (Qg) = Heat input factor* HM flow correction* Standard heat input

= 0.18*1.0*166.3 = 29.934 MBTU/hr= 8.77279 kWh.

Heat transferred to cooling tower
Heat transferred to cooling tower (QC ) = Qg+Qe Where Qc= Heat transferred to cooling
water
Qg = Heat input to generator Qe = Cooling capacity
Thus, QC= 24+29.9= 53.9M BTU/hr=15.79653 kWh.
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Total capacity of heat that can be transferred to the cooling water is 15.79653 kWh

Total heat generated in the room is 220063/1000000 = 0.2201 MBtu/hr=0.0645 kWh.
on July 21 2017 at 35 ⁰C external temperature.

As the total capacity of the system chosen exceeds the requirement, this system can
be used.
Temperature difference
Temperature difference (∆T) = Adjusted capacity or heat input
0.5* Flow (gallon/min)
Cooling water ∆T = 0.23/ (0.5 x 24.4) = 0.0057 F=-17.77 ⁰C
Chilled water ∆T = 0.23/ (0.5 x 24.4) = 0.0189 F=-17.767 ⁰C

Temperature difference for evaporator and generator
∆Te = 24/(0.5 x 38) = 1.2632 ⁰C
∆Tg = 29.934/(0.5 x 24.4) = 2.4536 ⁰C

Where Te = Temperature difference for Evaporator Tg is Temperature difference for
generator.
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Pressure difference

∆Pa = ∆Pr x (Qa/Qr)2
Where Pa = Actual Pressure Drop Pr = Rated Pressure Drop
Qa = Actual Flow Rate
Qr = Rated Design Flow Rate
Qa/Qr = 1 as actual flow rate = design flow rate Rated Evaporator Pressure drop
∆Pgen = 8.1 psi Rated Generator Pressure drop ∆Pevap = 13.1 psi
Density of water @ 8.1 psi and 181⁰F = 970.05 Cp = 4.19
Rho of water @ 8.1 psi and 181⁰F = 999.88 Cp = 4.2
Qgen = Vg * ℓ* Tg,o * Cp.*∆Tg
Qgen = 38 x 999.88 x 44.6 x 4.19 x 2.4536 = 1.7422×107
Qevap = Ve * ℓ Te,o * Cp * ∆Te
Qevap = 24.2 x 970.05 x 131 x 4.2 x 1.2632 = 1.6315 ×107
Thus, the coffifient of performance for the absorption chiller (COP) = Qevap / Qgen
COP = 1.6315×107/1.7422×107 = 0.94

Evacuated tube collectors (ETC)
The necessary area for the solar collectors is calculated in accordance with Jeddah’s
incident solar radiations, with the July solar mean for Jeddah being 22.4 MJ/m2 [11]
To convert MJ/m2 into W/m2
W/m2 = MJ/m2 * 1000000 / number seconds Considering solar radiation for 10 hrs
W/m2 = MJ/m2 * 1000000 / (60 * 60 * 10) W/m2 = MJ/m2 * 1000000 / 36000
=> Watts/m2 = MJ/m2 * 27.78 22.4 x 27.78 = 622.272 W/m2
The total incident solar radiations in this region during July are g=622.272 w/m2 and
the evacuated tube solar collectors need an efficiency of approximately (ή) 70%. This
is greater than for the flat plate or parabolic dish [15] and, as the absorption chiller’s
COP has been shown to be 0.94, the solar collectors area required can be calculated.

A= 1/ {g*ή*COP}
= 1/ (0.622 x 0.7 x 0.94) = 2.45

|Calculations 27

Where 63 kW is the required calculated air conditioning load

=63 x 2.45 = 154.35
Evacuated tubes covering an area of 14.5 m2 are required. Manufacturer’s data gives
the area of each evacuated tube as 0.01 m2

Number of tubes required to meet the required solar collection area
154.35/1.076 = 143.45

This rounds up to 144 and can be most closely met by 5 panels with 30 tubes per
panel to run an absorption chiller of 18 tonnes refrigeration capacity at a COP of 0.94.
(Sunmaxx solar panels have been used in the economic analysis).
Thermal storage
The solar collector’s thermal storage is defined [17] as 50 kg/m2 of the evacuated tubes
collectors - Area ft2 required for the Evacuated Tubes= 14.4 m2.

Required area of the thermal Storage tank = 50*14.4=720 kg

Therefore, the thermal heat storage requires a storage tank of 720 kg which can easily
store the heat energy and provide a continuous source for the chiller.
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5.3

Case 2: Grid electrical driven air conditioning

The main energy source for this case is the grid, and the office will be cooled using a
conventional cooling system. The load and office area are the same as for the first
case.
The price of electricity in Jeddah is 0.04 €/kWh and conversion rates are for May 2015
[24].

The main task in this case was to choose a powerful, efficient air conditioner and
General (ABG45FBAG) is chosen of which the specification is shown in Table 5.4.
Table 5.4 General (ABG45FBAG) AC specification

Cooling Capacity

kW

12.7

EER (Cooling)

kW

2.9

Power Consumption

kW

4.38

Refrigerant

--

R410A

Power Supply

--

Outdoor

Unit price

€

2000

Using the figures from Table 4.5 allows the Cop factor to be calculated using the
formula:
COP= EER/3.412
COP for the AC = 0.85
Electricity demand = Cooling load / COP (AC)
= 63 kW / 0.85 = 74.117 kW
Electricity demand/Day (AC) = 74.117*8= 592.936 kWh.
Electricity demand/Year (AC) = 592.936*365=216421.64 kWh.
Therefore, Electricity cost per day (AC) = 592.936*0.04=24 €
A year (AC) = 8657 €
Table 4.2 gives the total load for the office’s other devices as 30 kW
For a whole year = 30 *365 = 10950 kWh
The total electricity cost = 10950*0.04=438 €
Total electricity cost = 9095 €/Year
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Knowing the cooling capacity and cooling load allows calculation of the number of
units needed.
Number of units = cooling load / cooling capacity
= 63/12.7 = 4.9 units
Therefore 5 units are required if the office is to be supplied to meet the calculated
cooling demand.
Table 5.5 grid electricity driven air conditioning calculations summary

Calculated
AC COP
Electricity demand/day (AC)
Electricity demand/day total
Electricity demand/Year (AC)
Electricity demand/Year total
Number of units
Electricity cost /Day (AC)
Electricity cost /Day total
Electricity cost /Year (AC)
Electricity cost /Year total
5 Units price

5.4

Result
0.85
592.94 kW
622.94 kWh
216421.64 kWh
227371.64 kWh
5
24 €
25 €
8657 €
9095 €
10000 €

Case 3: Solar PV driven air condition

In this case, a solar system provides power to the AC units. Parameters are as for the
first two cases.
The economic analysis is important as a major objective of this study is to identify the
best applicable solution.
Electricity load demands from table 5.1
Electricity demand/Year total = 227371.64 kWh

Percentage of power to be generated from PV system = 100% Array sizing: Determine average sun hours per day = 8 sun hours /day
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Calculated initial PV array size assuming 100% efficiency = (PV system kWh)/
(average peak sun hours/day).
= 623 / 8

= 77.875 PV system design capacity (kW)
Calculate array sizing factoring in derating factor = (PV system design capacity /
derating factor)
= 77.875 / 0,610
= 127.664 PV array installed kilowatts (DC)

Choose a PV module PV MF 340B3 from Mitsubishi company.
STC rating (W) = 165 CEC rating (W) = 34
Determine number of PV modules
PV array installed watts (DC) = 127664 W

Number of modules = PV array installed watts DC / CEC rating W
= 127664 / 340
= 376 modules

Mitsubishi Electric designs photovoltaic modules for both commercial and domestic
applications which are suitable for grid connection and give both high performance
and reliability. They are manufactured to strict engineering guidelines to meet
international quality standards. 150 mm square polycrystalline silicon cells provide
high energy output thanks to individual cells’ high coverage area. EVA (ethylene vinyl
acetate) sheets protect each cell string and the cell strings are laminated between a
weatherproof backing film and highly transmissive, highly impact resistant, tempered
glass. Light is converted to electricity by an anti-reflection coating. Specifications: Cell
type: Polycrystalline silicon Maximum power voltage: 24.2 Volts Maximum power
current: 6.83 Amps Max system voltage: DC 780 Volts Fuse rating: 15 Amps Output
terminal: Cable with MC connector Module Efficiency: 13.1% Dimensions: 62.2" x
31.5" x 1.8" Weight: 34.2 lb (15.5kg) Packing Conditions: 2pcs-1 carton
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Cost for 1 module = 500 €
Cost of 376 modules = 376 * 500
= 188000 €
Size: = 65.3 in. x 32.8 in. x 1.8 in. Panel size = 65,3 * 32.8 / 144 = 14, 87 sf
= 1,38 m2
Total area = number of modules * area of single panel
= 376 * 1,38
= 518,88 m2
Inverters (sukam MPPT 2.5kW, 24v ) = 2540 €
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5.5

Economic analysis

The three cases given above are the commonly used solar cooling systems. For the
purposes of this study, each case is assumed to have a lifetime of twenty years, and
average inflation of 2% is taken into account. The economic analysis is summarized
as follows.

5.5.1 Case 1: Solar thermal driven cooling system
The cooling load expressed as refrigeration tonnes is converted to kilowatts to calculate the

air conditioning system’s electrical consumption.

Note that power consumption by the electrical pump power will be ignored.
Converting RT into kW

1RT = 3.5168525 kW=17.789*3.5168525 = 62.5578= 63 kW.

Where 63 kW is the calculated air conditioning required

=63 x 2.45 = 154.35

Evacuated tubes with coverage of 14.4 m2 are required. According to the
manufacturers, each evacuated tube has an area of 0.1 m2

Number of tubes required for full fill the area for solar collection
14.4/0.1= 144
Sunmaxx solar panels have been considered for the economic analysis.
Approximately 144 (5 panels with 30 tubes per panel will be needed to run an
absorption chiller, capacity 18 tonnes of refrigeration at COP of 0.94.
Cost for 1 module = 502 €
Cost of 322 modules = 144 * 502= 72 288 €
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Table 5.6 Absorption chiller and ETC investment cost, Jeddah

Solar ETC Cooling Investment, Jeddah
Component

Cost (Euros, €)

Solar Evacuated tubes (5 panels)

72288

Piping collector circuit

1800

Solar circuit pump

100

Hot water pump

100

Maintenance year

500

Storage tank

250

Yazaki Absorption chiller WFC-SH 10

2200

Cooling tower

550

Piping cooling circuit

1440

Cooling water pump

100

Chilled water piping

65

Distribution pump

100

Distribution piping

1500

Control system

2000

Other (expansion vessel, valves etc.)

250

Installation cost (20% of total cost)

16648,6

Total initial cost

99891,6

Total cost for 20 years

109392
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5.5.2 Case 2: Grid electricity driven air conditioning
The main costs in this case are for the AC units and the electricity to run them. Table
4.6 shows that we need 5 AC units
AC units’ cost = 5* 2000 =10000 €
The costs are summarized in Table 5.7
Table 5.7 grid electricity driven air conditioning investment cost, Jeddah

Conventional cooling system
5 AC units
Other (wiring, cables, etc.)
Total
Installation costs (20% of total cost)
Total cost for AC System
Electricity cost /Year total
Total
Total cost for 20 years

10000 €
300
10300 €
2060 €
12360 €
9095 €
21455 €
194260 €

As mentioned at the beginning of this chapter, all cases will be considered to have a
lifetime cycle of twenty years.
Electricity cost as shown in table 5.7 is equal to 9095 €/year
System cost for 20 years = (Electricity cost *20) + (Total cost for AC system)
= (9095*20) + (12360)
System cost for 20 years= 194260 €
5.5.3 Case 3: Solar PV driven air Cooling
From section 4.7 case 3 we found that:
Cost for 1 module = 500 €
Cost of 322 modules = 322 * 500
= 188000 €
Size = 65.3 in. x 32.8 in. x 1.8 in. Panel size = 65,3 * 32.8 / 144 = 14, 87 sf = 1,38 m 2
Total area = number of modules * area of single panel
= 322 * 1,38
= 445,25 m2
Inverters (Sukam MPPT 2.5 kW, 24V ) = 2540 €

|Calculations 35

From this analysis it can be concluded that the solar power-driven method is 2,2 times
higher and the conventional method 2,9 times higher than the ETC absorption chiller
method.
As well as being cost effective, this case is also ecologically attractive.

The life of the selected battery is of two years and of the inverter four years. The cost
of the AC system must also be included as the office will be cooled using AC units
powered by solar energy.
Table 5.8 Solar PV air conditioning driven system investments costs, Jeddah

Solar Cooling Investment, Jeddah
Component
Solar PV Modules cost

Cost (€)
188000

Inverters (Sukam MPPT 2.5kW, 24v )

2540

Battery (Suk-am 150ah*4)

6495,34

Other (wiring, cables, etc.)

300

Maintenance yearly

500

Installation cost (20% of the cost)

39567

Total initial cost

237403

Total cost for AC System

12360

Total AC system and Solar PV

249763

Total cost for 20 years

285243

|Calculations 36

As figure 5.1 shows, there is a substantial difference between the systems costs:

Case 1

Case 2

Case 3

Case 1: Solar thermal driven cooling system
Case 2: Grid electricity driven air
conditioning
Case 3: Solar PV driven air conditioning

300000
250000

Euro

200000
150000
100000
50000
0
1

2

3

4

5

6

7

8

9 10 11 12 13 14 15 16 17 18 19 20 21

year
Figure 5.1 Lifetime cost versus initial cost for Cooling demand
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6 Results & Discussion
The purpose of the above calculations is to know how much cooling offices in Jeddah
need in view of the high daytime temperatures, especially in summer. With annual
solar radiation in excess of 2400 kWh/m2, the Kingdom of Saud Arabia could benefit
greatly from solar power. 18 refrigeration tonnes (RT) were found to be needed for a
cooling system designed for an office of specified dimensions in Jeddah. Converted
into kW (using the criteria described in section 5.1.6) that tonnage yields 63kW, which
is the air conditioning system’s overall electrical consumption. It follows, on the basis
of calculations in section 5, that 63 kW of cooling is needed.

A preliminary study was conducted to identify which different cooling systems were
most used in Saudi Arabia. The absorption chiller, networks powered by the electricity
grid, and air conditioning systems using solar-driven PV cells were found to be among
the most popular. The refrigeration needed for cooling was found to be 18 tonnes. The
absorption chiller COP was found to be 0.94. A 144 solar evacuated tube collectors
were found to be needed for the specified consumption, and five 30 tubes Sunmaxx
panels were selected. The collectors have an average efficiency of about 50%. Over
a 20-year period, the overall cost of the modules would be 109392 €

The selected absorption chiller was the Yazaki WFC-SC10 with a COP of 0.94 to give
chilled water temperatures around 7 °C. This chiller’s outstanding advantages are its
ability to meet the required refrigeration range (18 tonnes) and that it can be used for
heating as well as cooling. The total heat capacity this system can reject to the cooling
water was found to be 15.79653 kWh, but only 0.0645 kWh of heat is generated in the
room so that this system is adequate to meet objectives for cooling.

On the other hand, five units would be needed to meet the demand for office cooling
in the “Network and applied air cooling system” The economic analysis in Section 5.5.3
an operating cost of 194260 € over twenty years.
Finally, the Mitsubishi PV MF 340B3 solar system was selected to supply power to the
AC units. 376 modules would be required, costing 188000 €.
|Results & Discussions 38

Taking into account all other costs listed in Table 5.8, the solar driven option’s lifetime
cost over twenty years would be 285243 €.

Sufficient power will be generated to cool the office by a solar-driven system using
Canadian solar of 2 khp PV, Su-kam MPPT, 2.5 kW, 24V and SU-kam 150 Ah, 4.
What is more, the cost of this system will be recovered in only three years, making it
economically beneficial and stable.

The conventional system looks way cheaper than the other two system, although
taking environment purposes in consideration the solar thermal and the solar PV are
more consistent, this point can be discussed from different opinions as well as the
future doesn’t guarantee the stability of the electricity prices, along with oil as a main
source of power, inflation of oil prices affect the electricity prices in the area as they
depends on oil as a main source of power, for example if electricity price goes up 50%,
and a drop of 20% in the price of the PV collectors the renewable energy source will
Be the way to go economically, and environmentally. Therefore, multiple ways of
cooling should be considered alongside the conventional ones for the future.

In summary, the cost evaluation shows the solar-driven cooling system to have the
highest initial cost (237,403 €) compared with 21,455 € for the AC option. The
absorption chiller, however, despite its 99,892 € initial cost, was cheapest over the
short-run. For the solar cooling system to have greater economic feasibility than a
conventional system suggests that electricity prices in Jeddah are artificially low. When
a 20-year lifespan is taken into account, the capital cost of a solar cooling system is
recovered after five years, making it the most economical and eco-friendly.
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7 Conclusion
The main aims of this study were to design and describe a conventional air-conditioning
system for use in office cooling in Jeddah, and to compare three cooling technologies
(absorption chiller, network powered from the grid, and solar-driven PV) in use in Saudi
Arabia to find the option best suited to meet the rising demand for cooling. To meet
these objectives, the project examined ways of harvesting solar energy and solar
radiation to reduce the amount of electricity and heat used to power an air conditioning
system. because the use of renewable energy sources also implies reduced carbon
emissions. By operating without carbon emissions, this system is less environmentally
damaging.

It was clear from this study that extremely high temperatures are experienced in most
of Saudi Arabia, especially during daylight hours in summer. Electricity is the power
source most demanded. It is both most reliable and most efficient. It can be generated
in a variety of ways to form the system’s main energy source. In many parts of the
world, fossil fuels have been the key sources of power to the main grid, but advances
in electricity generation have led to the development of systems operating on
renewable energy sources. The Solar Absorption Chiller (SAC) is a typical example,
using solar energy to generate electricity to help power the system. Non-renewable
energy sources involve emission of toxins harmful to the environment, whereas
renewable sources reduce both these toxins and the hydrocarbon footprint. Thus,
although natural gas and oil have traditionally been the sources of Saudi Arabia’s
energy, increasing concerns related to the environment about reliance on nonrenewable sources is the force behind a new focus on renewable energy sources.

To provide a rationale for solar powered air-conditioning in offices in Jeddah, the
project evaluated three cases and then compared their economic feasibility (Figure
5.1). The calculations show the solar-driven cooling system to have the highest initial
cost at approximately 237403 € compared with 21455 € for the AC option. The
absorption chiller, on the other hand, despite its 99892 € initial cost, proved to be
cheapest in the short-run. While all three cases have points for and against, the
preferred option should be the solar-driven option.
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Disadvantages of the conventional cooling system include noisy compressors, but its
advantages include its low cost. This system also appears to be more attractive and
is more widely applied in industry and commercial buildings than the other two cases
because of its smaller volume, easier availability in the market, simpler design and lower
maintenance. However, in the long run (typically over twenty years), a solar cooling
system is more economically feasible.

In conclusion and taking account of the economic review for each system and the
lifetime calculation, renewable energy solutions are for Jeddah the power sources
most rewarding, beneficial, efficient, and stable for the near future. Ecological
considerations also make a solar cooling system more attractive than a conventional
system.
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Appendix
Appindex 1 : Schematic representation of an office

Figure A schematic representation of an office
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Appendix 2: Tables of cooling heat demand
Table B: Net area of the office
Direction

Total Area m2

Door m2

Window m2

Net Area m2

East

50*12

-

-

600

West

50*12

-

-

600

North

100*12

40

-

1160

South

100*12

-

2*(5*8)

1120

Table C: Equivalent temperature with correction factor
Wall

Equivalent
Temperature F˚

Correction factor

Total F˚

East

18

11

29

West

12

11

23

North

4(Wall)
4(Door)

11
6

15
10

South

16(Wall)
16(Window)

11
6

27
22

Roof exposed

34

11

45

Table D: Infiltration through door
Description

Office area m2

Glass doors

10*40

Total

400 m2
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Table E: Solar gain through glass
Description

Area (ft2)

Sun gain Btu/hr

Factor

Heat gain

East

-

-

-

-

West

-

-

-

-

North

-

-

-

-

South

80

12*1.17

0.31

348.19

Total

348.19 (Btu/hr)* (ft2)

Table F: Solar gain through walls and roof
Description

Area (ft2)

Temperature
Difference F˚

U –value
(Btu/hr)*ft2*F˚

Heat gain/hour

East Wall

600

29

0.63

10962

West Wall

600

23

0.63

8694

North wall

1160

1. 15
2. 10

0.63

10962
7308

South wall

1120

1. 27
2. 10

0.63

19051.2
7056

Roof

10000

45

0.11

49500

Total

106477.2 (Btu/hr)* (ft2)

Table G: Transmission gain except walls and roof
Description

Area ft2

Temperature
difference

U-value
(Btu/hr)*ft2*F˚

Heat
gain/hour

Door(glass)

40

10

0.56

224

Windows

80

22

0.56

985.6

Total

1209.6 (Btu/hr)* (ft2)
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Table H: Infiltration and ventilation air
Infiltration

990*25*1.08

26730

Ventilation air

(10*40)*25*1.08*0.3

3240

Total

29970 Btu/hr

Table I: Internal heat gain
Description

Number

Sensible heat
(Btu/hr)

Total Sensible Heat
(Btu/hr)

Employees

40

215

8600

Total

8600 Btu/hr

Table J: Total sensible heat
Infiltration

240

25*1.08

6480

Ventilation

10*40

25*0.68*0.3

2040

Employees

40

235

9400

Total

17920 Btu/hr
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