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SUMMARY

In this work, a comparison and analyses of solar thermal and solar photovoltaic (PV) air-conditioning technologies
for a Typical Single Family House in two different Iragi climates are performed. This research can be extended to
compare and analyze the methods in terms of primary energy, economic analysis and different buildings. Moreover,
the future cost reduction by learning curves of both technologies can influence the economic feasibility. The PV air-
conditioning method with storage behaves and compensates the cooling demand better than the solar thermal air-
conditioning with storage method and needs less storage to cover the same amount of cooling load demand.
However, the storage system in the PV air-conditioning method is minor and the direct compensation is major. That
is vice versa in the thermal air-conditioning method.

1. INTRODUCTION:

Today, there are two main solar air-conditioning technology options: solar thermal air-conditioning, where the solar
absorption cooling is the first type of this option and it is still practical for remote building in places where there is an
excess of heat energy available. Another option is the solar photovoltaic air-conditioning, by using electricity from
renewable sources to power the conventional cooling equipment. ‘‘On the other hand, the used photovoltaic systems is
much more available than that of solar thermal power plants; cost reductions can be expected to be faster for photovoltaic
systems. But even if there is a 50% cost reduction in photovoltaic systems and no cost reduction at all in solar thermal
power plants, electricity production with solar thermal power plants in cold regions remains more cost-effective than with
photovoltaic systems’” [4].

A lot of papers have been published that describe the performance of thermal air-conditioning technology under different
climate conditions in the world: [5], [7], [8] and [9]. In addition, there are also a number of publications available that cover
the performance of solar photovoltaic air-conditioning technology or different performance between the two technologies
such as [10]. However, there are very few research on the solar air-conditioning technology under the Iragi region climate
conditions, for its importance in this region. Therefore, there are areas in which one or the other of the two technologies
should be preferred for technical reasons under the our regions’ climates.

2. DETERMINATION OF THE REFRENCE BUILDING IN IRAQI REGIONS:

To investigate the above objective two areas were selected regions. The reference building model in this study was selected
for the two locations, namely typical single family house. The aim of this research is to determine the reference building,
for various climate conditions of the selected locations in Iragi regions. For the locations climate conditions, solar
radiation, ambient air temperature and relative humidity. For the building, the construction (i.e. wall values, type of window
glazing), internal heat gains air exchange rate etc... Were defined.

2.1 Reference Location Climates:
The building cooling and heating demands are strongly influenced by the outdoor ambient air temperature and global solar

radiation around it. In this study, the house cooling demand calculations depends on the selected locations climates of the
two areas. [11]
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Fig. (1) Annual distribution of horizontal global radiation for the selected regions

Figure (1) shows, distribution of the global horizontal solar radiation for the two selected areas, in the first has higher peak
daily of global horizontal solar radiation than the second area along the year; in summer season reaches near to 1000 W/m2
,1050 W/m2 and in winter 600 W/m2 , 700 W/m2 for the first and the second area respectively. In addition the radiation
difference between the two regions, in winter higher than in summer seasons. [11]
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Fig. (2) Annual distribution of ambient air temperatures for the selected regions

Figure(2) illustrates, the annual distribution of ambient temperatures in both regions. Approximately in both regions; in
summer season the daily maximum peak temperatures reaches to 40 C° and in sometimes to 50 C°, in winter changes
between 25 C° to 30 C°. The first area daily temperatures are fluctuated along the year higher than the other, this means
the second area night temperatures higher than first night temperatures. This leads to higher night cooling consumption by
the buildings in first region than in second region. [12]
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Fig. (3) Annual distribution of ambient relative humidity in both areas
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As shown in Figure(3),the relative humidity distribute along the year for both areas. Generally first area has higher ambient
air relative humidity along the year than second area, especially in July, August and September. Additionally, it is
fluctuated in first more than in second. The high relative humidity of location, leads to increase building cooling
consumption.

3. THERMAL COOLING RESULTS AND ANALYSIS
The major objective of the simulation is to determine the cooling load of a typical single family house in two different
climate locations in the selected regions: The first and the second areas . The discussion and analysis on simulation results
concentrate mainly on sensible cooling load demand (three bedrooms, living room, guest room and Kitchen). The
simulation results and the analysis of the results are documented as follows. [13,14]

3.1 The Annual Energy Consumption:

The annual cooling load consumption for both cases, first and second area. Figure (4) and figure (5) below diagram the total
annual and monthly cooling and heating energy consumptions for the selected cases respectively.

Heating demand Cooling demand

Fig. (4) Yearly cooling and heating energy demand for the selected areas

The simulation result in Figure (4) shows the annual energy consumption where the total cooling load energy are : 44,630
kWh/year and 43,260 kWh/year; the total heating load energy are: 1118 kWh/year and 1686 kWh/year for the first area and
the second area respectively. On the other hand, 97 % and 95.6% of the annual energy consumption are cooling load for the
two cases respectively. [15]
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Fig. (5) Monthly cooling and heating energy demand in (kWh) for both regions

Figure (5) shows the cooling energy required during a long period throughout the year which is ten months, from February
to the end of November, while the heating energy period is very short, three months (January, February and December) for
both cases. The previous results and discussion show the extent of a need and importance of cooling compared to heating
for both cases in the selected locations. [16]
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3.2 The Performance of Cooling Load:

The maximum cooling load for the first area is 14.1kW as viewed in figure (6). As shown in the figure, the peak load takes

place during the months of June and August. On the other hand, the smallest cooling load occurs during January, February
and December.

T
Heating demand Cooling demand l :

-
o

Cooling /Heating load [K\VWV]

q0l— bt oo B s B ow S §Foa R da B B ow B
0 JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOY DEC
Month of the year

Fig. (6) Yearly cooling and heating demands distribution in(kW)for the first area

For first, Region the simulation result diagrammed in figure (7) shows that the maximum cooling load is in the range 14.5 -

15.2 kW and this load occurs during the periods of June and August. Besides, the smallest cooling load happens during
January and December. [17]
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Fig. (7) Yearly cooling and heating demands distribution(kW)for the second area
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Fig. (8)Weekly cooling load demand distribution (kW)for the first and the second areas

The High cooling load demand shows a less daily fluctuation and is dominated by the external temperature conditions. The
Performance of the cooling load during the day of the week in July for both cases (as in figure 8), the maximum daily
cooling demand occurs at noon and the minimum occurs in the morning of the daytime. Additionally, this figure shows the
extent needed for cooling in huge amounts (approximately 8 to10 kW) during the night as well as in the daytime in addition
the night cooling load in second area higher than the first area. [19]

4. SOLAR AIR-CONDITIONING TECHNOLOGIES:

Solar air-conditioning systems can be divided into two groups of systems:*‘ solar autonomous systems and solar-assisted
systems. In a solar autonomous system “all” energy used by the air-conditioning system is solar energy. In a solar assisted
system the solar energy covers a certain fraction of the energy used by the air-conditioning system and the rest of the
energy is provided through an auxiliary or backup system’’. Only the solar-assisted systems are considered in this research.
[18, 19]

4.1 Solar Photovoltaic Air-Conditioning Technology:
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Fig. (9) Basic structure of PV air-conditioning systems,[2]
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This system consists of three main parts: solar energy collection (includes PV cells) which converts solar radiation into
electric power in order to drive the electric machine heat pump. This machine is any electric traditional air-conditioning

system which converts the electric power to cooling power. [19]

4.2 Solar Thermal Air-conditioning Technology:
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Fig. (10)Basic structure of heat driven and desiccant air-conditioning systems[2]

Figure (10) shows the basic components and structure of a thermal air-conditioning systems available. This technology can
be divided in two groups [2]: a solar heat driven air-conditioning system which consists of a solar thermal collectors (high
temperature or medium temperature hot water) where typically flat plate collectors, evacuated tube collectors or
concentrated parabolic collectors are used. This converts the solar radiation to heat power. Then this power is provided to

| drive another system in order to produce cooling power for buildings. [21]
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Fig. (12)Schematic flow diagram for solar PV air-conditioning with storage.
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Compressed Chiller Design:

The vapour compression system is the dominant system today for cooling and refrigeration and is being used in almost all
kind of applications [2]. It is available for a wide range of sizes from 50 W up to 50 MW. [2], [21].

PV array Sizing and Design:

The first step in designing a solar PV air-conditioning system is to find out the cooling power and energy consumption that
need to be supplied by the PV-array. The maximum cooling power demands were 15 kW in the first area and 14 kW in the
second area .In this study, the maximum cooling power demands were 15 kW assumed for both regions in order to simplify
the comparison between the two cases . To compensate the power losses in the inverter and the battery system 20 % of
power is added to this value. Thus, the required peak DC power equals:

Electric peak power needed = SKw X 1.2 =0 KW. ..ottt (1)

Different sizes of PV modules produce different amounts of power. The air-conditioning system should be powered by at
least 18 PV-modules with 100 Wp each:

Number of PV modules required=6 kWp/0.1kWp = 60 modules
The total PV array’s area required is calculated by using equation (1) where the PV module area equals 1.6 m2..
PV arrayarea=1.6 X 60 =96 M’ .......cccoiiimmeieeeaiiiiiiee e )

The modules in a PV-array must be connected in combined connection, i.e 20 modules in parallel and three in series, in
order to deliver an output voltage of 44 VV-64 V which is the DC input voltage range for the inverter and battery system.
[22]

Inverter Sizing and Design:

An inverter is used in the system where AC power output is needed. Stand-alone inverters are used to convert (DC )current
from PV-array and battery to (AC) in order to run the compressed chiller. For the suggested PV system , in this study the
required inverter should supply 230V AC, 50 Hz, 6 kW.

Storage (battery) System Design:

Energy produced by the PV array is accumulated and stored in batteries for use on demand. The battery system is designed
for a PV air-conditioning with storage. In this system, when the electric DC power is higher than the electric power needed
by the compression chiller. The battery accumulated and stored the excess DC power as electric energy. The battery system
size is thus, the same for both cases. Given the compressed chiller, coefficient of performance(COP) of 3, the inverter
efficiency of 96% and the daily excess cooling energy of 18.2 kWh, the resulting DC energy is 6.32 kWh (as in equation 3):

Ec.aily = average daily of Excess cooling energy/COP X jny.....vveereeeeereeeiineneeennenns 3)
= 18200/3%x96 = 6.32 kWh

The required output voltage (VBLt) is 48 V. In the case study, the battery safety requires that the discharge of batteries
should not exceed 80 % of its capacity. The battery efficiency { pamv IS 85 %. The required output voltage (VBtt) is 48 V.
The required autonomy factor (AF) for the selected locations is 2. Then:

Battery capacity(Ah) = 6.32 x 2/0.85x0.8x48 = 387 Ah

Thus 8 batteries of 12 V each are required and each 4 batteries are connected in series.

Controller:

The solar charge controller regulates the voltage and the current which comes from the PV module into battery. According
to the previous calculations 20 PV modules are required; each module producing 17.9 V and 100 Wp (6.2 A). PV panels are

connected in parallel to supply 120 A. A controller is needed to hold at least 125 A. A controller that carries a current of
125 A, 48 V DC has been chosen for the PV air-conditioning with storage system.
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Back-up System

When there is no enough electric power coming from the PV-array and the battery system to cover the cooling power
demands, the back-up system is designed to deliver the remaining needed AC power. The back-up system is assumed to
have a direct connection to the electricity grid and to the compressed chillers.

5. SOLAR THERMAL AIR-CONDITIONING SYSTEM (ABSORPTION CHILLER):

The thermally driven air-conditioning process is the heart of every solar cooling system. Thermally driven air-conditioning
systems are available which commonly utilize sorption processes. For air-conditioning applications, mainly absorption
chillers using the sorption pair Lithium bromide-water (LiBr-H20) are applied [9] since they require a comparatively low

temperature as heat input. Most of the thermally driven cooling system and solar assisted air-conditioning systems installed
today are based on absorption chillers [24], [25].

6. THE INFLUENCE OF A DIRECT COOLING PRODUCTIUON:
Yearly Analysis:
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Fig. (13) PV air-conditioning cooling production along the year for first area
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Fig. (14) PV air-conditioning cooling production along the year for second area
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The cooling production covers almost entirely the maximum peak of the cooling load demand for first area especially in the
summer. On the contrary, for the case of the second area, the cooling production is lower than the maximum peak of the
cooling load consumption by 3 to 4 kW for the reason that there is a higher solar radiation in first region than in second
region. Besides, the second region has higher peak load demand in summer than the first.
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On the other hand, the ambient air temperature in winter is lower than in summer for both cases (as in fig.2 ). This reduces
the thermal effect on the PV module by improving the heat transfer rate from the PV module to the ambient air with the
help of the temperature difference between the module and the air which is higher in winter than in summer. This leads to
increase the module efficiency and electric power output.

In winter, the cooling production reaches 20 kW and 15 kW in first and second areas respectively, due to a lower thermal
effect on the module. In addition, there could be a higher diffused solar radiation and a higher reflected radiation by the
ground in first area than in second area where the PV module is tilted at angle of 30 ®in the first area and is higher than the
second area 23 °. [25]

CONCLUSIONS

The traditional air-conditioning is one of the main consumers of electrical energy today in the selected regions. However,
this region has a huge solar energy potential with an average of 2,34 kWh/m2/year and with average daily sunlight
exceeding 10 hours [4]. Solar air-conditioning technology is definitely a solution to cover the cooling demand for this hot
and sunny region. The present study analyzes and compares the solar thermal air-conditioning technology and the
photovoltaic air-conditioning technology under two different locations in the selected region (area 1 and area 2). That is
based on the cooling demand for the reference building in these regions. The yearly direct cooling compensation
percentage of the PV air-conditioning scenarios is 40 % and 36 % for the second area and for the first respectively. The
aforesaid percentages are higher than the direct cooling compensation percentages by the thermal air-conditioning system,
30 % and 31% for the second area and for the first area cases respectively. The performance of the daily direct cooling
compensation by the PV air-conditioning systems is more efficient than in the thermal system although the flat plate
collector efficiency is around 52 % and the PV module is around 16 %, due to three reasons.

The percentage of the cooling energy compensation by the storage in the thermal air-conditioning system is 24 % and 13 %
for the second and for the first cases respectively. These are higher compared to those of PV air-conditioning with storage
system, 11% and 8% for second and first respectively. That’s because of the contribution of the excess power which is
produced by the flat plate collector is higher than the excess output power of the PV module at noon. It can be concluded
that the PV air-conditioning with storage system needs less storage to the storage system in PV air-conditioning scenario is
minor and the direct compensation is major. That is vice versa in the thermal air-conditioning system. In winter season, the
excess solar power gain is more useful in the PV air-conditioning systems than the thermal air-conditioning scenario due to,
the electric power is more universal conversion compared with the thermal power conversion.
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