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- ABSTRACT

The aim of the Solar- Powered Air-conditioning System’s project is to harness solar
radiation and use its energy to drive low power consuming air-conditioning system. Solar
power was chosen because conventional domestic air-conditioner consumes high
clectricity, which is quite costly. The cost can add up to hundreds and thousands of
ringgit per year and with the rising fuel prices, it will be unaffordable for people in the
lower income group to utilize a conventional air-conditioner unit. Due to global warming,
air-conditioning has become a necessity in human’s life and with the assistance of
modern technology that can be implemented, solar energy can be harnessed by using
photovoltaic. Through this research work, it has been identified that the major
components in photovoltaic-based air-conditioning systems are battery storage, system
controller, auxiliary energy sources and a new air-conditioning unit. This system is
designed to operate in parallel, interconnected with the grid electricity as a backup power.
The controller connected to the photovoltaic will act as an intelligent controller whereby
it will draw the power from the grid electricity whenever the electrical loads are greater
than the PV system output. The total power required: from the solar photovoltaic is
determined by considering the heat gain and the cooling load calculation of a building.
The prototype for this project has been suécessfully developed according to the

theoretical and calculation value.
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CHAPTER 1
INTRODUCTION

1.1  Background of study

Solar-powered air-conditioning system has a great potential to be developed in our
country since Malaysia receives sunlight throughout the whole year. Moreover, solar air
conditioning potentially offers an elegant exemplar of a clean, sustainable technology,
which is coﬁsistent with international commitment to sustainable development. The
underlying advantage of using solar energy directly is that it is free, abundant and
inexhaustible. The total amount of energy radiated from the sun onto the earth's surface
is more than 10 000 times the annual global energy consumption and its usage can also

avoid degradation of the environment (Pearson & Farhi, 2005).

1.2 Problem statement

Sunny days can be considered as a blessing, but yet in the house, a hot day c.ﬁn be
altogether stressful. The arising in temperature due to global warming has led to the
decreasing of human comfortability. This can probably affect the productivity of human
himself. Due to productivity under these conditions, more and more buildings are being
fitted with air-conditioning systems. This is where the need for solar air conditioning
becomes obvious. Days that have the greatest need for cooling are also the very same

days that offer the maximum possible solar energy gain.

The use of conventional air-conditioning system consumes electricity where one
horsepower air-conditioner needs 746 Watts of power. Due to the high electricity
consumptions, and arising in fuel prices, consumer might have to pay more on their

utility bills (Terry, 2001).



13 Objectives and Scope of study

The whole project’s implementation needs a very high determination in terms of the
-'objectives_ as well as the scope of the work so that there is no waste of time during the

project completion. These are also to ensure the project work is well-organized.
1.3.1 Objectives

Many reasons can be listed for the need to design a solar-powered air-conditioning
system. The main objectives, is to reduce the dependence on fossil fuel, such as natural

gas, which is widely used to generate electricity in Malaysia.

Apart from that, air-conditioning system must also be made affordable for the lower
income group. Thus it is objective of this project to design a low power consuming air-
condit_ioning. system based on our country’s solar insolation pattern and temperature.
The system should be designed iﬁ such a way that it can provide a reasonably good
co_mfoi‘t level for everybody, from the rural folks all the way to urban and suburban

population.

The system that has to be designed must reach some criterions. First it can be used to
harness solar radiation based on Sun’s geographical location in Malaysia and secondly,

the system designed can reduce room temperature by at least 5°C.
1.3.1 _Scope _o.f study

Photovoltaic systems are chosen in harnessing the solar power because of the sunlight.
received in Malaysia throughout the year, which is 800W/m” (NSTP, 2005) When the
Sun rises, that is the time an air-conditioner is needed and PV can be used to generate

electricity to drive the new air-conditioning system.



 However, there are some issues regarding implementation of photovoltaic system, which
needs comprehensive considerations. These issues are the low conversion efficiency of
the photovoltaic cells, location and tracking requiremerits and also high installation cost.
The last issue that poses a major problem is the ability to sustain the operation in bad
weather condition. A thorough study was carried out on the various design of air-
conditioning system. Based on the weaknesses of the existing systems, a model was
proposed, and the details of the design are given in Chapter 3. The total cooling load
calculation has also been carried out manually and it is presented in Chapter 4.There are
a few experiments that have been conducted outside Building 15 in Universiti Teknologi
PETRONAS to collect solar insolation data using PV panels. Some experiments on the
developed prototype also have been carried out to measure the temperature drops and the

results are presented in Chapter 4.



CHAPTER 2

LITERATﬁRE REVIEW/ THEORY

Before goes into details in the project’ design and execution, it is a good idea to
understand and review the existing system in the market nowadays such as conventional
air-conditioner, photovoltaic application and also the process of heat transfer to a
building. These to give a clear picture of the methods and design chosen in the project

- work.

2.1 Basic air-conditioning system

An air-conditioning system is a mechanical refrigeration system, which controls the
temperature, moisture content (humidity), movement and cleanliness of air in a definite
space. The purpose'of air-conditioner is to maintain a needed or desired atmosphere in a

defined space.

Figure 2.1 shows the major parts in air-conditioning system. There are two sides of

operation which are low pressure side and high pressure side.

Expansion Dévice - ﬁ

Liquid Line 7 Y
' ' -4 Distributor

=
Discharge Line

Ewaporator
¢ 4("1 Suction Line

o

C ondenser

C ompressor

Figure 2.1: Major parts of air-conditioning system



2.1.1 Low pressure side

Low pressure side consists of the expansion device and evaporator section. Each part has

its own task.

2.1.1.1 Expansion device

It is also known as metering device, which is located in the liquid line just ahead of the
evaporator coil. It produces a pressure drop in the refrigerant at the point at which it is
located, accompanied by a drop in temperature.. Expansion device may produce a

pressure drop in one of the three ways or methods: -

1. Control volume of refrigerant
2. Control pressure in evaporator coil

3. Control temperature of reﬁ-igéi‘ﬁnt in evaporator coil

2.1.1.2 Evaporator section

It is the part in which the refrigerant vaporizes as it picks up heat from the evaporating

medium. This section consists of

1. Evaporate coil — formed of copper or aluminum tubing and has aluminum fin

pressed onto it to increase its heat transfer efficiency.

2. Blower fan — moves air across the evaporator coil and is usually connected to
the air distribution system by a return duct on the inlet side and by a supply

duct on the outlet side.

3. Refrigerant lines — there are lines located at the low pressure side:
Distribution line: Runs from the expansion device to the evaporator coil
Suction line: Runs from the coil to the compressor inlet. It is the larger

refrigerant ling in the system because it must carry the refrigerant vapor.

4. Some accessories — Distributor, suction accumulator and filter drier



2.1.2 High pressure side

While for the high pressure side, it consists of a compressor, condenser section and

refrigerant lines. Their specifically task are as follow:

2.1.2.1 Compressor

A compressor is a component that maintains a pressure different between the high-
pressure and low-pressure side and it also moves the refrigerants circulate through a

system. It can be categorized by their physical characteristics and mechanical action.

2.1.2.2 Condenser section

It is basically a heat exchanger in which; héat.from the refrigerant is given off to the
condensing medium. The heat given off is the heat picked up from the evaporator and
the compressor. The most common type of air-cooled condenser is a finned-tube coil
with a blower moving air across it. ‘When high temperature refrigerant leaves the
compressor through the hot gas discharge line, it enters the condenser coil as a saturated
vapor, In the coil, heat flows from the refrigerant to the condenser air because of the

temperature difference and the refrigerant condenses to a liquid.

2.1.2.3 Refrigerant line

There are 2 refrigerant lines in the high§pr¢ss}1re side which are:
1. Hot gas discharge line — also kﬁown as discharge line, running from compressor
to the condensing unit and carry hot gas refrigerant.
2. Liquid line — Running from the condensing unit to the expansion device and

carry a liquid refrigerant.



2.1.3 Conventional air-conditioner

The basic operating principle of air-conditioners involves the mechanism of heat
transfer. It works very much like a refrigerator, although the actual construction details

are different.

A refrigerant such as freon mixed with a small amount of lubricating oil is compressed
by the compressor causing it to become a hot, high-pressure gas. This hot gas runs
through a series of coils, as shown in Figure 2.2 and with the help of the fan, dissipates
this heat to the outside. In this procéss, the freon ;.céoils and condenses into a liquid,
which then runs through an expansioﬁ valve, at wéhi;ch point the liquid evaporates to
become cold low-pressure gas. Then it will go through another series of coils and with
assistance of a second fan, absorbs the heat andlihéareby cools the air inside of the

building.

The cooling coils causes moisture in the warmer inside air to condense into water, which
drips and runs to the outside of the building. ;Thi:;sfcondensation process lowers the
humidity on the inside. This condensation priri(i:i'ple is also explaining how de-

humidifiers work. Thermostats are ahded to set de?:sired temperature and protection

devices are added to protect the compi'cjassor from‘c:)v@rheating (Wang, 2001).

Figure 2.2: Schematic diagram of a typical reﬁ*igerant based air-conditioner



There are four types of air-conditioner which can be found in the market nowadays.
There are water-cooled conditioner, air-cooled air conditioner, air-cooled water chiller

and water-cooled water chiller. (Wang, 2001)

2.2 New air-conditioning system

The new air-conditioning system which will be designed use the concept of evaporative
cooling system, Evaporative coolers are a cost effective cooling system over the medium
to long term. Evaporative coolers cool and filter the air. Hot outside air is drawn through
a water-moistened filter and then blown through the house as shown in Figure 2.3

below.

Figure 2.3: Airflow of evaporative cooler

There are many advantages of evaporative cooling system compared to air-conditioner.
Evaporative cooling is one of the most energy-efficient methods of cooling a home.
Besides, it long has been regarded as environmentally safe, since the process typically
uses no ozone-depleting chemicals and demands one-fourth as much energy as
refrigeration during the peak cooling months of the year. In dry climates, evaporative

cooling can be used to inexpensively cool large homes. (Poenix.gov, 2006)

Evaporative cooling system is an air-conditioning system in which more than 50 percent

of the total cooling provided annually is evaporatively cooled. There are three types of



evaporative cooling process which are direct evaporative cooling, indirect evaporative

cooling and indirect-direct evaporative cooling. (Wang, 2001)
2.2.1 Direct evaporative cooling process

In a direct evaporative cooling process, the airstream to be cooled comes directly into
contact with the wetted medium or water spray. A direct evaporative cooler can provide
cooled air for a conditioned space independently consists of a wetted medium, a fan,

dampers, a control system and a sump at the bottom.
2.2.2 Indirect evaporative cooling process

In an indirect evaporative cooling process, the primary airstream to be cooled is
separated from a wetted surface by a flat plate or a tube wall. The cooled air does not
directly contact the evaporating liquid. In an indirect evaporative process, the cooled
airstream’s humidity ratio remains constant because the air to be cocled does not contact

the evaporating liquid.
2.2.3 Indirect-direct evaporative cooling process

In an indirect-direct evaporative cooling process, a direct evaporative cooler is always
connected in series after an indirect evaporative cooler to form an indirect-direct
evaporative cooler. It can provide cooled air with a dry-bulb temperature of 19.4°C and a
relative humidity of about 95 percent when the entering outdoor is at dry-bulb
temperature of 33.9°C and a wet-bulb of 21.1°C. (Wang, 2001)

2.3 Solar photovoltaic

A photovoltaic cell is an integrated device consisting of layers of semiconductor
materials and electric contacts, A group of photovoltaic is often referred as solar cells
where they convert sunlight into direct current (DC) electricity. The solar cells are

electrically configured into modules and arrays, which can be used to charge batteries,



operate motors, and to power any number of electrical loads. With the appropriate power
conversion equipment, PV systems can produce alternating current (AC) compatible
with any conventional appliances, and operate in parallel with and interconnected to the

utility grid.

Photovoltaic (PV) components are divided into three categories by product typé: (1)
crystalline silicon cells and modules which include single-crystal, cast silicon, and
ribbon silicon; (2) thin-film cells and modules made from a number of layers of
photosensitive materials such as amorphous silicon; and (3) conc.entrator cells and
modules in which a lens is used to gather and éonverge sunlight onto the cell or module

surface. (Solar Server, 2005)

A typical silicon PV cell is composed of a thin wafer consisting of an ultra-thin layer of
phosphorus-doped (N-type) silicon‘;. on top of a thicker layer of boron-doped (P-type)
silicon. An electrical field 1s creat%d near the top surface of the cell where these two
materials are in contact, called the ;P-N junction. When sunlight strikes the surface of a
PV cell, this electrical field prm;.fides momentum and direction to light-stimulated

electrons, resulting in a flow of cul}rent;\ifhen the solar cell is connected to an electrical

load. Figure 2.4 shows the diagramiiof pﬁdtovoltaic cell.

4. Electrical load

L) Sun

T & Photovoltaic cell
D¢ courrent flow

e : j Fhasphorous-doped {(N-type)
Beron-dopad (Faypa) ‘ silicon layer ~ Q.30
sillcon fayar ~ 250 m

Figure 2.4: Diagram of photovoltaic cell.
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Regardless of size, a typical sﬂlcon PV cell produces about 0.5 — 0.6 volt DC under '
open—clrcult no-load conditions. The cutrent (and power) output of a PV cell depends on
its efﬁc1ency and size (surface area), and is proportional the intensity of sunlight striking
the surface of the cell. For example, under peak sunlight conditions a typical commercial
PV cell with a surface area of 160 cm® (~25 in®) will produce about 2 watts peak power.
If the sunlight intensity were 40 percent of peak, this cell would produce about 0.8 |

watts.

The solar photovoltaic system (PV system) includes major components such as battery

storage, systeni controller, auxiliary energy sources and the specified electrical load.

Batteries are often used in PV systems for the purpose of storing energy produced by the
PV array during the day, and to supply it to electrical loads as needed (during the night
and periods :of cloudy weather). Other reasons batteries are used in PV systems are to
operate the PV array near its maximum power point, to power electrical loads at stable
voltages, and to supply surge currents to electrical loads and inverters. In most cases, a
battery charge controller is used in these systems to protect the battery from overcharge
and over discharge (Green, 1992). Figure 2.5 shows the basic components of a

photovoltaic system.

~ Energy inversion Energy use
& conditioning i

Energy source i
' Energy
distribution

~ Energy conversion

Energy storage - '

-+ Electric utility

Figure 2.5: Photovoltaic system components
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2.3.1 Production of Solar Energy

Figure 2.6 shows block diagram of the interconnection between each components of the

solar energy system.

DC input to
switching circuit

PV Panels [ ™ Control Circuit » Solar Battery >

Figure 2.6: Block Diagram for production of solar energy

For solar system part, the solar panels are connected to the solar battery through a solar
control circuit. This control circuit is essential because it will monitor the flow of the
current in and out to the solar battery. Basically, it will ensure that the battery is not over
charging and also over discharging. This will protect the solar battery and increase it

lifespan.

2.4 Regulating system

Regulating system is the controller part which consists of some circuits that control the
flow of the power supply to a system. Figure 2.7 shows the block diagram of the
regulating system.

Solar Energy [ Battery

—>
Regulator Load

—p| (Sensor/ Controller)
Grid R
Electricity

Figure 2.7: Project Block Diagram
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As shown in figure, there will be two inputs to the system which are solar energy and
Grid power supply. The solar energy will be charged and stored in a battery in order to
increase the voltage. These two inputs will be sent to the regulator. The regulator acts
like a switch that can choose automatically either to use the solar energy or the Grid
power supply as the power source to the load (air-conditioning system). The input power
will be chosen based on the availability of input supply. The output of the regulator will

be connected to the load.

The AC signal of main supply has to be converted to DC signal in order to compare the
power with the input from the solar system; this is called as switching implementation.
To do the conversion, several circuits are implemented which are rectifier circuit, filter

circuit, and regulator circuit.
2.4.1 Rectifier Circuit
Basically, a rectifier circuit is used to convert AC voltage to DC voltage. The output

resulting form a rectifier is a pulsating DC voltage and not yet suitable as a battery

replacement (not a pure DC voltage). Figure 2.8 shows the rectifier circuit.

AC Input <

Figure 2.8: Rectifier circuit
2.4.2 Filter Circuit

For DC supply voltages, as those used in a radio, stereo system, computer, DC fan and

pump, the pulsating DC voltage from a rectifier is not good enough. A filter circuit is

13



necessary to provide a smooth DC voltage (Robert, 2002). Figure 2.9 shows the concept

of the filter circuit.

CAPACITOR
FILTER
AC - L
INPUT RECTIFIER T DC LOAD
> CcRcuIT

Figure 2.9: Concept of filter circuit

For the filter circuit, a capacitor filter circuit is been used. The purpose of the capacitor
filter is to pass most of DC components while attenuating (reducing) as much as the AC

component as possible.

2.43 Regulator Circuit

A voltage regulator circuit provides a constant DC output voltage that is essentially
independent of the input voltage, output load current and temperature. The voltage
regulator is one part of a power supply. Its input should come either form solar battery or

output of a rectifier derived from AC: supply. Figure 2.10 shows a regulator circuit.

Figure 2.11 shows the basic componentfs in a block diagram of a series type of regulator

Vim%: T

Figure 2.10: Regulator Circuit

circuit.

|
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\'Z : | v
" Control Element o

T

. Reference Voltage [ Error Detector Sample Circuit

Figure 2.11: Series Regulator Block Diagram

The control element is in series with the load between the input and output. The output
sample circuit senses a change in the output voltage. The error detector compares the
sample voltage with a reference voltage and causes the control element to compensate in

order to maintain a constant output.
The operation of regulator circuits can be summarized as follow:

i If the output voltage decreases, the increased base-emitter voltage causes the
transistor to conduct more, thereby raising the output voltage, maintaining
the output constant.

ii.  If the output voltage increases, the decreased base-emitter voltage causes the
transistor to conduct less, thereby reducing the output voltage, maintaining

the output constant.

15




3.1

CHAPTER 3

METHODOLOGY/ PROJECT WORK

Procedure Identification

Basically, the procedure developed to complete the whole project is as follow:

Problem definition

- Solar radiation

- Energy saving

- Global warming

- Rising in fuel prices

'

Develop hypothesis

Low power consuming air-
conditioning system

)

Select and analyze the device
experiment

Solar photovoltaic

!

Collection of data

Solar tracking
Cooling load calculation

Analysis development

g

Select the best and appropriate
method

Design the basic concept of solar
air-conditioning system

Data

Support

hypothe
sis

YES

Project Implementation

Prototype
application
with
simulation

!

Finalize Product
e Solar-powered
air-conditioning
system

Figure 3.1: Flow chart of project work
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3.2 Selection of the device experiment

For this step, the device chosen for implementing the solar air-conditioning system is
photovoltaic. This device has certain advantages compared to other solar collectors since

the price is reducing due to new technologies invested in the market now.

However, there are some issues need to be considered. The problems might come from
the photovoltaic panels are low conversion efficiency of the photovoltaic cells, location,

and tracking requirements and also high installation cost.

For this project, the photovoltaic cells used are found in Building 15 and they are under
Mechanical department’s supervision. The cells are shown in figure 3.2 and figure 3.3

below.

Figure 3.2: Solar photovoltaic panels
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3.3

Data collection

Figure 3.3: Solar photovoltaic panels

This is the stage where the total power required by the system is determined. For the

calculation involved, there are some data to be collected in designing an air-conditioning

system. The procedures involved are the calculation of the total cooling loads, selection

of system piping arrangement, determination of water flow rates and temperature

throughout the system, selection of pipe sizes and pump, and lastly the preparation for

the final plans and specifications.

3.3.1 Data collection from solar panels

For the solar panels, the data of solar insolation need to be collected. From the

experiments that have been conducted in Building 15 in Universiti Teknologi

PETRONAS, the data collection is gathered and accumulated in the table 3.1 below.

Table 3.1: Records of hourly global radiation in August 2005

- Daily

day Time in Hours Tatal

g 7 B8 8 10 11 12 13 14 15 16 17 18119 | Mdm-2

i ¢ 021 0.87 1.63 233 2.8 3 3.8 2.8 215 1.03 059 | 018 | 0 | 2687

2 0] 018 0.67 1.62 202 2.14 29 2.17 2.26 2.28 213 0.79 pov [ @ 19.28

3 0] 003 046 1. 1.08 0.92 1.31 1.53 1.36 1.62 092 0.51 0.1 ] 10.84

4 0] 033 0.73 1.85 4 2.58 343 3.2 274 2.3 157 1.08 028 | 8 [ 2233

5 0] 013 0.81 1.58 0o 1.63 199 22 212 1.13 078 047 0271 8 14.03

B 0] 018 0.64 1.34 138 1.68 1.3 1.78 2.14 1.78 141 ¢ 084 038 { 0 14.7

7 G| 013 043 0.73 135 1.69 2.3 1.83 207 1.1 1208 0.56 018 | D 1427
Weekly ’ '
Tatal 0 G97] 481 875| 1148 1352 169 1587 | 1548 1298 8.84 465 126 0] 35.14

Monthl

Maan Y O 01386 | 0659 ] 1.393 164 1931 2414 2267 2M3( 1854| 1263 0B543| 018 0] 5062

18




A graph of daily solar radiation versus time and monthly mean solar radiation versus

time is plotted as shown in figure 3.4 and 3.5 respectively.

Daily Solar Radiation Vs Time

3.5
3.0 -
2.5 -

" 2.0-

2 15
1.0 -
0.5
0.0

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Time (hours)

—pDPay1 —Day2 - -Day3 —-Day4 —Day 5 —Day 6 ——Day 7

Figure 3.4: Graph of daily solar radiation versus

Mon'th!y mean of solar radiation Vs Time

3.5

3.0 1
2.5 1
2.0 1
1.5 -
1.0 -
0.5 -
0.0

MJ m-2

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Time (hours)

Figure 3.5: Graph of monthly mean solar radiation versus time
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34  Analysis development

When come to this step, an analysis has been made in choosing the best design of solar-
powered air-conditioning system. For this project, the design will involved the
photovoltaic systein, which consists of battery storage, an intelligent controller, auxiliary
energy sources from the grid electricity and the new air-conditioning unit as shown in
figure 3.6.

New Air-conditioning
unit

Figure 3.6: Basic design of solar photovoltaic system.
For the air-conditioning system, the design consists of winding coils made from copper,

a fan, a pump and water storage. Figure 3.7 and 3.8 show the basic design of the
prototype and the block diagram of the process flow.
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Water
Inlet
_——_’ e ks
<4— Water Qutlet
(3)
(1)

Water

Pump

Figure 3.7: Schematic diagram of solar air-conditioning system.

Solar Solar
Energy panel
Warm Air ~ Fan - Water
pump
Cold
Air

Figure 3.8: Block Diagram of Flow Process
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Starting from the energy conversion of the solar panel to the air-cooling process, each

part has its own task. The system will be explained according to the parts involved.
3.4.1 Power Source

The solar panels will convert the solar energy to electrical source. This will generate a
water pump and a fan that works together in the cooling system. Solar panels are used to
transfer the energy into electricity, which supplies the required power for the pump and

the fan since it 1s based on a DC source.
3.4.2 Pump and Water Duct

This part is referred to process (1) in Figuie 3.7. When the energy is transferred into
direct current, the pump will be generated. A pump provides the pressure necessary to
overcome the resistance to flow of a liquid in a piping system (Pita, 2002). Water will be
pumped from a water tank placed below the system and flows through a rubber pipe to
the cooling part. The water inlet supplies water :to the pump. The pump then increases
the pressure of the water by increasing its Velocit& first, and then converting the velocity

energy to pressure énergy.

The items of major importance in the performance of a pump are the pressure (head) it
will develop, the flow rate it will deliver, the horsepower required to drive the pump,

and its efficiency. These are called the pump characteristics (Pita, 2002).
The water tank provides water supply for the flowing process of the cooling system. The

water supply is cold since it is taken from the lower part of the tank. The cold water will

be used in the next stage where it is going to flow into-another part of the system.
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3.43 Cooling coil

The water then will go through a coil of pipe that will purposely cool down the
temperature of the water due to the length and type of material used. Refer to Figure 3.7,
process (2).

Cooling coils may use either chilled water or evaporating refrigerant (Pita, 2002).
Cooling coils are usually made of copper tubing with aluminum fins, but copper fins are
sometimes used. The coils are arranged in a serpentine shape, in a number of rows,
depending on the need. The fins increase the effective surface area of tubing, thus
increasing the heat transfer for a given length of tube. The coil may be constructed either

with tubes in series or in parallel to reduce water pressure drop.

The pipe will be made out of a coil from copper material as it has its own advantage.
The longer the coil is, the longer the path of the flow will be taken, and thus more heat
will be exchanged. The water that flows through the coil will experience heat transfer
since it goes on a long path that is made of copper, which has high conductivity. Heat
transfers from the water, and thus the water will be cold from the copper coil. B.y then,

the temperature of the water will be just right to proceed to next level.

3.4.4 Water storage

When water-cooled coils are used, a steady supply of cooling water must be available
every second. The water supply is limited withi.n the water tank. Therefore the cooled
water must be returned to the tank after it passes through the cooling coils. Refer to
process (3) in Figure 3.7. This is where the cooling tower concept is used (Pita, 2002).
The cooling tower is the equipment that accomplishes this. It transfers heat from the
condenser water to the atmospheric air. From the diagram, we can see the water is
returned to the tank after it passes through the whole system. The water outlet brings
back the cooled water. Thus cooled water supply will always be available for the system

in a longer period of time.
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3.4.5 Air Distribution

Hot air will come from other side of the system, and goes through the coil. The air will
“then be cooled after flowing through the copper coil since the water flow is cold. The
heat of the air will be transferred and trapped in the coil, which then produces cold air.

This process is referred to process (4) in Figure 3.7.

When cooling coils have a number of rows, they are usually connected so that the flow
of water and air are opposite to each other, called counter flow. In this way, the coldest
water is cooling the coldest air, fewer rows may be needed to bring the air to a chosen
temperature than if parallel row were used, and the chilled water temperature can be
higher (Pita, 2002).

The cold air will then flow through the space provided and straight into a fan. Refer to
the Figure 3.7, process (5). The electricity produced from the energy conversion
discussed in the previous part generates the fan. It is used to help the distribution of the
cold air obtained, by speeding up the airflow depending on the power source. The fan
will generate and draw the cold air into it to fasten the process. When the fan is
operating, it will blow out the cold air that has been drawn to it to the outer part of the

system. Thus creates the cold air that the project intends to produce.

3.5 Project implementation

After the best and appropriate design being chosen, the design will be analyzed back to
achieve the objectives i.e. all data collected in the design should be supported by the

hypothesis. When data supports the hypothesis, the project is then be implemented. This

is where the theory and praétical are combined to achieve the design objectives.
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3.6  Product (prototype) development

The final step of this project is to develop a working prototype of a solar-powered air-
conditioning system. The prototype has been developed according to all data collected

and it is shown in figure 3.9 below.

(2) . (b)

Figure 3.9: Prototype developed (a) Front view (b) Side view
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CHAPTER 4
'RESULTS AND DISCUSSION

This section will cover towards the calculation steps in determining the cooling load
capacity required to drive the new air-conditioning unit and the results from the

experiments on the prototype.

4.1 Cooling load calculation

The air inside a building receives heat from a number of sources. If the temperature and
humidity of the air are to be maintained at a comfortable level, this heat must be
removed. The amount of heat that must be removed is called the cooling load (Pita,
2002).The cooling load must be determined because it is the basis for selection of the
proper size air-conditionihg equipment and distribution system. It is also used to analyze

energy use and conversion.

The cooling load calculation can be calculated using the software given or it is also can
be calculated manually by collecting some appropriate data. The cooling load
calculation procedure that will be explained here is called the CLTD method. The first
step is the selection of inside and outdoor design temperatures from table 4.1 and 4.2

below.

Table 4.1: Recommended Energy Conserving Indoor Air Design Conditions For Human

Comfort

Air Temperature (DB) | Relative ‘*humidity (RH) | Maximum Air Velocity Clothing Insulation
°C % m/s clo
25 85 3.72 0.5
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Table 4.2: Outdoor Cooling Design Conditions- World Locations

Location Latitude Cooling
_ DB | MWB | WB | MDB DR
MALAYSIA 1°North 32.8 26.1 | 272 | 31.1 -11.7

DB = dry bulb temperature, °C

MWB = mean coincident wet bulb temperature, °C
MDB = mean coincident dry bulb temperature, °C
DR = mean daily range of DB temperature, °C

From the table given, the indoor and outdoor design temperature chosen was 25°C and
32°C respectively. They were chosen based on avérage human comfortability in our

country. The subsequent steps in determining the total cooling loads are as follow:
4.1.1 Use architectural plans to measure dimensions of all surfaces

The dimensions are taken from the building plans in figure 4.1 and the gross and net

areas of each element are calculated and recorded in Figure A.4 in the appendices.

" o2 N
Bath " Dini
Bedroom 2 Room I<':1tchen, RI(I)l:rlng 1.
10° X 11 & X7 9 X10 9 X 10 ]
| &)\ A
T
| Bedroom 1 Living Room
14X 12 2 X172
)\ 100 WX4H
| | i f i  S——
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Basement

Figure 4.1: Architectural plan

NOTES:

Ceiling height=2.4m

Single clear glass, blinds

Windows = 1.06 m W X 1.2 m H except as noted
Doors=09mX21im

From the plan, gross and net areas of each element are accumulated in the table 4.3:

Table 4.3: Gross and net areas of plan architecture.

Room Name Plan Size
Living room Tmx4m=28m’
Dining room 25mx3m=75m"
Bedroom No. 1 4mx34m=13.6 m"
Bedroom No. 2 3m x 3.2m = 9.6 m*
Bathroom 1.8mx2m=3.6m"
Kitchen 25mx3m=75m"

The entire dimensions are calculated using standard unit used in Malaysia. The standard

unit used by the European country is in il
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4.1.2 Select heat transfer coefficient, U for each element.

Heat transfer coefficients for the materials listed are found from Tables A.7 and A.8 in
the appendices. All the calculation values can be recorded in Figure A4 in the

appendices. From the tables, the coefficient values for window, roof and doors are:
Uw=020  U;=010  Ug=047
4.1.3 Calculate the heat gains through wﬁ_lls, roof, and floors for each room

Using the CLTD values from Table 6.19 in the appendices, the outdoor temperature
range is 90°F = 32°C, in the M class. Thgg'v'vall heat gains in each room are then

calculated using equation:

Q=UxAxCLTD (4.1)

where

Q = sensible cooling load, kW
U = overall hate transfer coefficient, KW/ m?
A = area, m?

CLTD = cooling load temperature difference, oc

All values are recorded in Figure A.4 in the appendices. The CLTD values obtained are

for wall, roof/ceiling, doors, windows, infiltration and people.
4.1.4 Calculate heat gains through glass for each room

Using Table 6.20 in the appendices, the heat gains for windows through windows are

calculated using equation:

Q=AxGLF (4.2)
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Where
Q = sensible cooling load due to heat gain through glass, kW
A= area of glass, m’

GLF = glass load factor, kW/ m?

From table 6.20 in appendix, for the windows on the south side, the GLF for the type of
glass and shading is 28 Btw/ hr.ft? = 302 Btw/ hr. m? at 32°C outdoors and 25°C indoors.

4.1.5 Determine occupancy and appliance load

The sensible heat gain per person is assﬁmed to be an average of 225 Btu/ hr = 65.925
kW (1 Btw/hr = 0.293 W). If the number of occupants is not known, it can be estimated
as two times the number of bedrooms. Because the maximum load usually occurs in late
afternoon, it is usual to assume that the occupants are in living and dining areas for

purposes of load distribution.

For a two-bedroom house, it is assumed that occupancy of four; two in the living room,
two in the dining area at peak load times. The kitchen appliance load is assumed to be a

0.35 kW. A sensible heat gain allowance of 0.35 kW — 0.46 kW is typical for kitchen

appliances.
4.1.6 Determine infiltration or ventilation load

The infiltration is found from table 6.22 is the appendices and it is calculated using

equation:

0=1.1xCFM x AT (4.3)

Where
Q = sensible cooling load due to infiltrating air, kKW
CFM = air infiltration rate into room, CFM

AT = temperature change between inside and outside air, oc
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While for the quantity of air infiltrating into the room, the value is found from equation:
CFM=ACH><-%O (4.4)

where

CFM = air infiltration rate into room, CFM

ACH = number of air changes per hour (from table 6.22)

V = room volume, m’

4.1.7 Add individual loads to find sensible load for each room and building

The individual gains are added to find the RSCL (residential sensible cooling load) for

each room and the building. All values can recorded in Figure A.4 in the appendices.
4.1.8 Add duct heat gains and leakage to SCL of building

The duct system is in the basement. Allow 5% for heat gain and 5% for leakage to the
building sensible cooling load (BSCL).

4.1.9 Multiply the building sensible load by the latent factor, LF.

Figure 4.2 is used to find the LF value, using the outdoor design humidity ratio from the

psychometric chart. From the figure, the LF obtained form the design humidity is 1.25
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LF = 1/SHF
Construction:
13
Loose
Medium\t
12 Tight
1.1
1.0
0.010 0.012 0.014 0.016 . 0.018

2.5% Design Humidity Ratio

Figure 4.2: Effect of infiltration on latent load factor

This final step is the result of the air conditioning equipment total cooling load. From the

calculation done, the total cooling loads obtained are:

Sum RSCL =15 405 Btu/ hr

Duct gain 5% =770 Btu/ hr

Duct leak 5% = 770 Btuw/ hr

BSCL =16, 945 Btu/ hr

BTCIL = 1.25 (LF) X BSCL = 21,181 Btu/ hr = 6.2 kW

Note: RSCL = Residential cooling load

BSCL = Building sensible cooling load
BTCL = Building total cooling load
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For this project, a new air-conditioning system is based on the cooling load calculation

for bedroom 2 and the total cooling load is summarized in table 4.4 below.

Table 4.4: Total cooling load for bedroom 2:

+ Room Name Bedroom No. 2
Plan Size _ 1WWX1I'+¥ X &
. Wall Direction | Area (fF°) U-Vaiue CLTD (F) Buw v
(Bt ln-f2-F)
North 74 0.20 13 340
West 74 0.20 23 192
Windows Direction | Area () GLF (F)
North 14 23 322
. West 14 50 700
Roof/ Ceiling U-Value  Area (B CLTD (F) .
(Biw/ lor-fB-F) e
0.10 122 47 573
RSCL 2127

The total cooling load is 2127 Btu/ hr which is equal to 0.6kW. This is the required

cooling load that needs to be removed by the system.
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4.2 Experiments’ result
Some experiments have been conducted to measure the temperature drops from the
system designed. The data for the temperature was taken before and after the system is

running. The results are as follow:

Location: Building 21 (21-00-01)
Time: 12.30 pm

e Before

Room temperature | Reading 1 f Reading? [Reading 3| Average
(0C) 222 23.0 225 22.6

o After

Room temperature| Reading 1 Reading?2 Reading 3 | Average
(0C) 20.7 20.9 20.6 20.7

34



CHAPTERS
CONCLUSION AND FUTURE WORK

In a nutshell, the idea of solar powered air-conditioning system is really a
brilliant idea and a good investment for Malaysia since we receive the Sun’s radiation
throughout the year. When there is Sun, that is the time where air-conditioner is needed
and that is the time where the photovoltaic can be functioned. It is important to note that
a PV system will not save energy. People invest in PV because it is an energy producer,
which releases no noxious gases into the air, and it can minimize or eliminate monthty
utility bills. When PV technologies are combined with energy efficiency measures, PV's
investment value is magnified. When a home's energy efficiency increases, PV can
offset more of the utility bill. Eventhough there are up-front costs incurred with
purchasing the PV system and installing certain energy efficiency measures but, in many
cases, these costs can be recouped over time by the savings on the monthly energy bill.
Modeling shows that the solar-powered air conditioning system using photovoltaic has

the potential to be developed in Malaysia.
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HARP RESIDENTIAL SYSTEM MODULE

AESTHETIC APPEAL. EFFICIENT INSTALLATION.

POLY-CRYSTALLINE SILICON PHOTOVOLTAIC
ROOF MODULE WITH 62W MAXIMUM POWER

Beautifully complementing roof tites of many shapes and sizes, Sharp's
ND-62RU1 solar modules offer a clean, unobtrusive look that's especially
pleasing to homeowners. These solar roof shingles are quick and e:asy to
integrate into the roofin the same manner as common, flat concréte tiles.
They're designed for weather blocking, with water channel design g.s:imilar to
concrete tiles, and because the module brackets screw to the exist?i'ng' roof
battens, no additional framing materials or extra roof penetrations; ar._é
required, Offering superior durability, they are resistant to moisture:.-, irﬁpact
and high winds. Sharp’s ND-62RU1 solar roof modules are an idealé

combination of aesthetics, performance and ease of installation for a wide

range of residential new construction.

Compatible with most roef tiles used Sharp's solar roof tiles integrate
in new residential construction, like Eagle beautifully with standard raof tiles
and Monier, each soler roof module of many colors, becoming nearly

replaces five concrete tiles, “invisible” to the eye,




RESIDENTIAL SYSTEM MODULE

Gl | Poly-crystalline silicon

No. of Cells Vanerlr(;onnectmns 18 inserdes -
Open Circuit Voltage {f\lag)_ 10.8Y B i
Magmum Power Voltage (Vpri eV
Short Circuit Current {Isc) 8.0A

Maximum Power Current {Ipm) i 7.2A

Maximum Power (Pmax)’

" 62W {(+10% / -5%)

Maximum System Voltage

- 600V

Dimensions (L xWx D)
Weight

16.5lbs (7.5kg)

‘Size of Carton

59.4" % 16,3"  10,2" (1508mm x 413mm X 260mm}

Carton Quantity

6 pcs per carion

Pallet Quantity

72 pes per pailet

Loading capacity (48 fi container)

1152 pes (16 pallets)

Loading capacity (53 ft container)

1296 pcs (18 pallets)

Series Fuse Rating

154

Type of Qutput Terminal

Lead Wire with ONAMBA Connector

Eagle Roofng, Monier LlfeT'Ie
and other Roof Tiles

Consult Sharp or a Sharp reseller for
more information

* (STC) Standard Tast Conditions: 25°C, 1 KW/m? AM 1.5

Operating Temperature {min to max, "F/°C) ! -40 to +194°C / -40" to +90°C

Storage Temperature {min to max, °F/°C) | -40 to +194°F / -40" to +90°C

Gell Temperature: 25'C
10 : : ] T
L —— L i
9
10000W/m?]
8 T 60
7 BOOLW/m?]
n 4
o F
¢ = ]
2 60001 la 2
€5 R EDGE VIEW
i 7<\ H SO B
‘ N g |
! Prr—c————t .
3 R
T:20 D S W
2 - )
// : ) u 0 I} ]
1 [ Back viEw |
1] 0
Q 2 4 [ 12
vl A B c D
Voltag [ — Current vs. Voltage 59*71498mm 15.6%396mm 3.9'9%mm 16.7'424mm
-~ Power vs. Vohqge
E F G H
Current, Power vs. Voltage Characteristics 39.1730mm L.3%34mm 15%381mm 57.25%2454mm

Design and specifications and design are subject to change without notice.

In the absence of confirmation by product manuals, Sharp takes no responsibility for any defects that may occur in equipment using any Sharp devices.
Contact Sharp to obtain the latest product manuals before using any Sharp device.

SHARP.

Sharp Electronics Corporation » 5901 Bolsa Avenue, Huntington Beach, CA 92647
Tek 1-800-SOLAR-06 * E-mail: sharpsolar@sharpusa.com » www.sharpusa.com/solar

550-62-805 ©32005 Sharp Electronics Corporation Printed in the USA




HARP 'RESIDENTIAL SYSTEM MODULE

72 WATT

ATTRACTIVE LOOK. FLEXIBLE DESIGN.

LEFT AND RIGHT TRIANGULAR PHOTOVOLTAIC
MODULES WITH 72W MAXIMUM POWER

Sharp’s new triangular photovoltaic modules offer the clea'n,j

balanced and

easing Iook: 3 | f
of a high-tech skylight while increasing design flexibility with: ' |

attractive rooftop arrays. Engineered specifically for residential hip roofs

and complex roof lines, these modules set a new standard i Jesthetics.

The black anodized aluminum frames, trim strips, and backin heéts blend

beautifully with the home's exterior. In addition, an “L” hook design Iocaiedé
along the frame’s perimeter ensures easy integration with t esidentié[

system mounting hardware. Using breakthrough technology pe fe;ctéd by :

Sharp’s 45 years of research and development, these modulesiincorporate én

advanced surface texturing process to increase light absorp an:d improve
efficiency. They are also designed to withstand extreme he |d wind.
Sharp’s ND-072ERU/LU triangular residential system modulé aré an ideal

combination of-form and function from the global leader in téchnblo'gy.

The luminated glass module is glazed
inte @ high torsion black ancdized frim strips, and backing sheets aljow for the
aluminum frame. seamiess integration of the systeém inte the

home’s design, |




RESIDENTIAL SYSTEM MODULE

Cefl Poly-crystalline silicon

No. of Cells and Connections 21 [n serles

Open Clreult Voltage {Vor) | wzasv
Maximum Power Vollage (Vpr) 1 938V o
Short Circuit Current (Isc) B.04A

Maiimum Power currc-_:_{t_@__(_lpm) 7.22A

Maximum Power {Pmax)"

T2W (+10% /-5%)

Maximum System Voliage

600VDC

Series Fuse Rating

154

Type of Quiput Terminal

Lead Wire with MC Connector

Dimensions (A x B x C below}

45.86" x 38.98" x LB1"
1165mm x 950mm X 46mm

Weight

Packing Configuration

. 2690ks/122kg

2 pes per carton

Size of Carton

46.06" x 425" x 5.12"
4 A370mmx 1080mn x 130mm

Operating Temperature

-49 to +194°F / -40 to +90°C

Storage Temperature

-40 o +194°F /-40 t0 +90'C

* (sTC) Standard Test Conditions: 25°C 1 KW/m®, AM 1.5

Cell Temperature: 25°C
C
K % nellng
1000CW/m?
8 — : 80
7 x 70
B00[W/m?]
J &0
2 g | 6O0IWine] | ; 0 3 A
o —
& i =
%4 7 & a0 %
(4] \ &
|
3 30
z | \ 20
| \\\ EDGE VIEW
0 1\ 0 8
0 2 4 [ 8 1w 12 1
Voltage [V]
— RNt v, Voltzge A B C B E F G
Power vs. Voltage 45,86¥1165mm  3BIEVGI0mMm  LE1Yabmm  6SVATIMm 50.371277.5mm 1575Y00mm  7.9%200mm
H I d K L M N
Currenl, PDWEI'\IS.VOR&QE Characteristlcs 15.75%400mm 7.2°083mm 7.2%182.5mm  1.48%2Tmm 1.08'27Tmm  22,62%600mm  7.688'195mm
Design and specifications are subject to change without netice,

in the absence of confirmation by product manuals, Sharp takes no respansibility for any defects that may oceur in equipment using any Sharp devices.
Contact Sharp to obtain the latest product manuals hefore using any Sharp device,

SHARP.

Sharp Electronics Corporation » 5901 Bolsa Avenue, Huntington Beach, CA 92647
Tel:1-800-SOLAR-06 - E-mail: sharpsolar@sharpusa.com = www.sharpusa.com/solar

$50-72-805 ©2005 Sharp Electronics Corporation Printed in the USA




HARPFP MULTI-PURPOSE MODULE

POWERFUL PERFORMANCE. SHARP RELIABILITY.

POLY-CRYSTALLINE SILICON PHOTOVOLTAIC MODULE
WITH 80W MAXIMUM POWER

Sharp’s NE-8OEJEA photovoltaic modutes offer industry-leading perform-

ance, durability, and reliability for a variety of electrical power requirements.

Using breakthrough technology perfected by Sharp's 45 years of research

and development, these modules incorporate an advanced surface

texturing process to increase Iight absorption and improve efficiency.

Common applications include cabins, solar power stations, pumps, beacons,

and lighting equipment. Designed to withstand rigorous weather conditions,
a junction box is also provided for easy electrical connections in the field, P H L !

maki.ng Sh'arp’s NE-80EJEA modules the perfect combination of advanced

technology and reliability.

Solder-coaeed grid results in high fill factor Sharp multi-purpose modules offer
perfarmance under low light conditions. industry-leading performuance for
o variety of applications.




Cell,

No. of Cells and Connections

Pely-crystaliine silicen

Dimensigns (H x W x D )

47.28" x 20.14" x 1.81"

Maximum Power (Pmax)”

80W (+10% / -5%)

3b in series 1260mm x 512mm X 46mm
Open Citcuit Voltage (Voo) | 21.8¥ o Welght . osabsseskg
Maximum Power Voltage (Vpm) 17.3V Packing Configuration 1 pe per carton
Short Circuit Current (Isc) 5.16A Size of Carton 53,157 % 27.56" x 2.95"
M_ﬁfi_@ym__?q!rer_gurrgpt (I__Pljn.)‘ 4.63A 1350mm x 700mm x 75mm

Leading Capacity {20 ft container)

242 pes (242 carfons)

Type of Qutput Terminal

Junction Box

* (STC) Standard Test Conditions: 25°C, 1 KW/m?, AM 1.5

Madule Effictency (m 12.40% Loading Capacity (48 ft container) | 506 pes (506 cartors)
Maximum System Voltage 600VDC
Series Fuse Rating 10A

i St s A

-40 10 +194°F /-40 Lo +90°C

= . R

Operating Tempevatore |
i

Storage Tempevature

LA S194F 1 -40 fo +90°C

Cell Temperature: 25°C
[ 90
10000WHndl r 80 5
5
L 70 g
BOGLW/mE] ﬂ:
q ' - 60 R 7
g 6000W/m?1 - 50 E ©
3 7 =
2 g
3 40 2
Y + +. +. e
2 - 30
+ 20 H
1
r 10
|
¢ Q + ¥ ¥ ¥ ¥
1] 5 10 15 20 25 . LB.|
Vohage [V] ' E
— Current vs, Voltage F
— Power vs. Voltage
D E F &
Current, Power vs. Yoage Characteristics .99%/25.1mm 9.84'/250.0mm 23.62%600.0mm 18.94/480.0mm

Design and specifications are subject to change without notice,

In the absence of confirmation by product manuals, Sharp takes no respensibility far any defects that may accur in equipment using any Sharp devices.
Contact Sharp to obtain the latest product manuals before using any Sharp device.

SHARP.

Sharp Electronics Corporation » 5901 Bolsa Avenue, Huntington Beach, CA 92647
Tel:1-800-SOLAR-06 + E-mail: sharpsolar@sharpusa.com « www.sharpusa.com/solar

&

Cover photo: Solar installation by Hudsen Valley (lean Energy, Rhinebeck NY 550-80-805 ©2005 Sharp Electronics Corporation Printed in the USA



HARP

SUPERIOR DURABILITY. HIGH EFFICIENCY.

POLY-CRYSTALLINE SILICON PHOTOVOLTAIC MODULE
WITH 123W MAXIMUM POWER

Sharp's ND-L3EJEA photovoltaic modules offer industry-leading performance,
durability, and reliability for a variety of electrical power requirements. Using
breakthrough technology perfected by Sharp’s 45 years of research and
development, these modules incorporate an advanced surface

texturing process to Increase light absorption and improve efficiency.
Common applications include cabins, solar power stations, pumps, beacons,
and lighting equipment. Designed to withstand 'rigorous weather conditions,
a junction box is also provided for easy electrical connections in the field,
making Sharp's ND-L3EJEA modules the perfect combination of advanced

technology and reliability.

Solder-conted grid resufts in high fill factor Sharp multi-purpose modules offer
performance under fow light conditions. industsy-leading performance for
a variety of opplications.

- MULTI-PURPOSE MODULE




MULTI-PURPOSE MODULE

Cell

No. of Cells and Connections

Paly-crystalline silicon

SNERNE

59.02" x 26.06" x L.B1"

Maximum Power (Pmax}"

36 in serles 1499mm x 662mm % 4bmm
Open Clreuit Voltage Vo) | zav | essbsiiaglg
Maximum Power Valtage (Vpm) 7.2y Packing Configuration 2 pes per carton
Short Cicuit Current (Isc)' 8.04A Size of Carton 62.00" % 30.71" % 5.12°
_l\@_a:f_imum P_c_:wer Cuyrent ”p,’,“}, 7.16A 1600mm x 780mm X 130mm

Loading Capacity (20 ft container)

196 pcs (98 cartons}

Loading Capacity {40 ft container)

420 pes (210 cartons}

Module Efflciency {nm) 12.39%
Maximum System Voltage s00VDC
Series Fuse Rating 15A

Junctlon Box

Cell Temperature: 25°C
9 140
1000LW/m] :
8 f
—“\Q ! F120
7
B00IW/m?2
; - 100
6 0
at
2 B00LW/m?. \\\ I
2 s [\W/im?] A 80 E
£ i T
5
o 4 L a0 o
1
3
\ Lao
2
=20
| \
[} 0
[ 5 10 15 20 25
Voltage [V3
— Current vs, Vaoliage
— Power vs, Voltage
Current, Power vs. Voltage Character{stics

Operating Temperature

Storage Temperature

4010 +194°F / -40 t0 +90°C

A0 1o ¥194°F /40 1o +90°C

i}
29.5"749.5mm

9.8%249.5mm

E F
24,37/619.0mm

Design and specifications are subject to change without notice.

I the absence of confirmation by product manuals, Sharp takes no respansibility for any defects that may eccur in equipment using any Shasp devices.
Contact Sharp to obtain the latest product manuals before using any Sharp device.

&

SHARP.

Sharp Electronics Corporation » 5901 Bolsa Avenue, Huntington Beach, CA 92647
Tel:1-800-50LAR-06 + E-mail: sharpsolar@sharpusa.com - www.sharpusa.com/solar

Cover phato: Selar installation by Direct Power and Water, Albuguerque NM

55D-123-803

©2005 Sharp Electranics Corporation

Printed in the USA



HARP, TN \D-LSE1U

SUPERIOR DURABILITY. HIGH EFFICIENCY.

POLY-CRYSTALLINE SILICON PHOTOVOLTAIC MODULE
WITH 125W MAXIMUM POWER

Sharp’s ND-L5E1U phatovoltaic modules offer industry-leading performance,
durability, and reliability for a variety of electrical power requirements. Using ‘
breakthrough technology perfected by Sharp's 45 years of research and .
development, these modules incorporate an advanced surface texturing'
process to increase light absorption and irﬁprove efficiency. Common
applications include cabins, solar power stations, pumps, beacons, and
lighting equipment. ideal for grid-connected systems and designed to

withstand rigorous weather conditions, Sharp’s ND-L5E1U modules are the

perfect combination of advanced technology and reliability.

-~ » High-power module (125W) using B
®i 155mm square poly-crystalline
silicon solar cells with 12.60%
module conversion efficiency

...+ Sharp's advanced surface
texturing process increases
light absorption and efficiency
whife providing a more
subdued, “natural” look

* Bypass diodes minimize the .
power drop caused by sha
* Water white, tempered glass,
. EVA laminate, plus aluminum
" frame for'extendeéd oifdooi tse

minal 12VDC output for
tery charging applications

Soidercoated grid results in high filf factor Sharp mplti-purpoese modules offer . foat .
performance under fow light conditions, industry-leading performonce for UL Listings: UL 1703, cUL
rlaty of applications. A
avarsty ot appt + Sharp modules are manufactured

in 150 9007 certified facilities

* 25-year limited warranty
o power output
{see dealer for details)



MULTI-PURPOSE MODULE

Celt Poly-crystalline sfiicon Dimensions (H x W x D) §9.02" X 26.06" x 181"
No. of Cells and Cennections 36 In serles 1499mm x 662mm x 46mm
Open Civcuit Voltage (Vot) 21.7Y Weight _ 308615 / 14.0kg
Maximum Power Voltage {Vpm) 17.2v, e Packing Configuration 2 pos per <arton
Shert Clrcuit Curvent (Isc) 8.14A Size of Carton 63.39" x 30.71* x 5,12
Maximum Power Current (Ipm) 7.3A 1610mm x 780mm x 130mm
Maximum Power (Pmax)’ 125W (+10% / -5%) Loading Capacity (20 ft container) 196 pes (98 cartons)
Module Efficiency (ymy | 12.60% N Loading Capacity (40 ft container) | 420 pes (210 cartans)
Maximum System Voltage 600VDC
Saries Fuse Rating 15A
Type of Qutput Terminal Lead Wire with MC Connector
: Operating Temperature | -40 to +194°F / - i
* (ST;) Standard Test Cenditions: 25°C, 1 kW/m? AM 1.5 P ¢ P : o F/A0 0 490°C
|

Storage Temperature _ -40 16 +194°F / -40 to +90°C

Cell Temperature: 25'C
g 140
10000W/m?]
8 =
7\\ 120
7 | soorwind
L 100
6 PN
/ \\\ % 4 + 4 )
2 s 6000W/m? L 80 g &
: VN : o
B // \\ - |
[ =]
3 -
/ L 40
2 ¥ + ¥ ¥ +
// F 20 E
1 ]
0 0
0 5 10 15 20 25 D E F G
Voltage V1 29.5%749.5mm  9.8Y249.5mm  24.37%619.0mm  51.2" +/- 2'/1300mmH/-50mm
— Current vs. Valtage
—— Power vs. Voltage
Current, Power vs, Voltage Characteristics
Design and specifications are subject te change without notice.
In the absence of confirmation by product manuals, Sharp takes na responsibility for any defects that may occur in equipment using any Sharp devices,
Contact Sharp to obtain the latest product manwals before using any Sharp device,
SHARP.
[ .

‘, * Sharp Electronics Corporation « 5901 Bolsa Avenue, Huntington Beach, CA 92647
Tel:1-800-SOLAR-06 « E-mail; sharpsolar@sharpusa.com * www.sharpusa.com/solar

Cover photo: Solar installation by Direct Power and Water, Albuguergue NM 55D-125-805 . ©32005 Sharp Electronics Corporation Printed in the USA




HARP.

14

ATTRACTIVE LOOK. FLEXIBLE DESIGN.

POLY-CRYSTALLINE SILICON PHOTOVOLTAIC MODULE
WITH 142W MAXIMUM POWER

Sharp's ND-N2ECU photovokaic modules offer increased aesthetic_:s and
revolutionary design integration. These residential photovoltaic modules
give the clean, attractive appearance of a high-tech skylight while the
black anodized aluminum frames, trim strips, and backing sheets blend
beautifully with the home’s exterior. In addition, an "L" hook design located
along the frame's perimeter ensures easy integration with the residential
system mounting hardware, Using breakthrough technology perfected by
Sharp’s 45 years of research and development,thesé modufes incorporate
an advanced surface :texturing process to increase light absorption and
improve efficiency. And, as the global leader in solar manufacturing,

Sharp has designed these modules with superb durability and efficiency
to withstand extreme heat and high winds. Sharp’s ND-N2ECU is the perfect

combination of technology and aesthetics.

The laminated gless module is glazed Sharp's residential modules with black frames,
irnto @ high torsion bleck anoedized trim strips, and backing sheets aliow for the
afuminum frame, seamless integration of the system into the

home’s design.

RESIDENTIAL SYSTEM MODULE




RESIDENTIAL SYSTEM MODULE

Cell o Poty-crystalline silicon
~No. of Cells and Connections 42 In series

Open Circuit Voltage {Voc) cmsvo
Maximum Power Voltage {Vpm) 26.0V

Short Clreuit Curreat (Isc) 7.92A

Maximum. Power Current (Ipm) 7114

Maximum Power (Pmax)’

142W (+10% / -5%)

Module Efficiency (nym) 12.31%
Maximum System Voltage 600VDC
Series Fuse Rating 154

Type of Qutput Terminal

Lead Wire with MC Connector

* [STC) Standard Test Conditions: 25°C, 1 kKW/m?%, AM 1.5

Cell Temperature: 25°C
9 Lat
1000CW/m?]
8 _7< 140
7
BOOCW/m?] \\ 120
-] .
A\ &
E 5 [ 600[Wim?] p— \ E
z 80 g
34 £
/ \\\ €0
3 \
/ \\ 4
2
1 / ‘ 20
0 \ J &
0 5 10 15 20 25 30
Voltage [V ——
Current vs. Voltage
’ Power vs. Yoltage
Gurrent, Power vs. Voltage Characteristics

Dimensions (A x B x G below)

45,87" x 38.98" x 1.B1"
1165mm % 990mm x 4émm

Weight

31.96lbs / 14.5kg

Packing Configuration

2 pes per carten

Size of Carton

49.6"x 42.52" x 512"
1260mm x 1060mm % 130mm

Loading Capacity {20 ft container)

196 pcs {98 cartons)

Loading Capacity {40 ft container)

420 pcs (210 cartons)

Operating Temperature

-40 to +194°F /-40 to +90°C

Storage Temperature

-40 to +194°F / -40 1c +90°C

L3
1} E
| ] 1
Ll
F
{+)
- & B
—
-}
i T EDGE VIEW..
A B C 1] E F G
45.87'/1165mm  38.98"/590nm 1Elaemm . 7.2Y182.5mm  15.75%400mm  7.87°V200mm

168579 36mm

Design and specifications are subject to change without netice,

In the absence of confirmation by product manuals, Sharp takes no responsibility for any defects that may occur in equipment using any Sharp devices.
Contact Sharp to obtain the latest preduct manuals before using any Sharp device,

SHARP.

Sharp Electronics Corporation + 5901 Bolsa Avenue, Huntington Beach, CA 92647
Tel:1-800-S0LAR-06 » E-mail: sharpsolar@sharpusa.com - www.sharpusa.com/solar

$50-142-805

©2005 Sharp Electronics Corporation

Printed in the USA



HARP 'RESIDENTIAL SYSTEM MODULE

162

POWERFUL. ATTRACTIVE. RELIABLE.

POLY-CRYSTALLINE SILICON PHOTOVOLTAIC MODULE
WITH 162W MAXIMUM POWER

Designed specifically for peak roofs, Sharp’s ND-162U1 photovoltaic
modules offer industry-leading performance and aesthetics.

These residential modules give the clean, attractive appearance

of a high-tech skylight while the black anodized aluminum frames

and trim strips blend beautifully with the home's exterior. Using

breakthrough technology perfected by Sharp's 45 years of research
and development, these modules incorporate an advanced surface
texturing process to increase light absorption and improve efficiency.

Sharp’s ND-162U1 modules are the perfect combination of technology

and aesthetics,

The faminated glass module is glazed Sharp's residential madules wr’tﬁ Black frames
into @ high torsion black anodized and trim strips are ideal for peak roofs, and
afuminum frame. allow for the seamess integration of the

systemn into the home’s design.




RESIDENTIAL SYSTEM MODULE

Cell

Poly-crystalline sllicon

E\!o.. oflcells gnd Conaections 48 In setles
Open Circuit Voltage {Voc) 28.4Y
Maximum Power Voltage (Vpm} 22.8Y
Short Circuit Gurrent (Isc} 7.928
Maximum Power Current (Ipm) 7.11A

Maximum Power (Pmax)*

162W (+10% / -5%)

Dimensions (A x B % C below)

51.9"x 39.1"x 1.8"
1318mm x 994mm x 46mm

Weight

Packing Configuration

36.4lbs / 16.5kg

2 pes per carton

Size of Carton

56.3" % 42,5" 151"
1430mm x 1080mm x 130mm

Loading Capacity (20 i, container)

224 pes (112 cartons)

Loading Capacity (40 ft container)

504 pes {282 cartons)

Loading Capacity (53 ft container)

560 pes (280 cartons)

Module Efficiency (nm) 12.40%
Maximum Sysle_m Valtage 600VDC
Series Fuse Rating 154

Type of Dutput Tevminal

Lead Wire with MC Connector

* {STC) Standard Test Conditions; 25°C, 1 kW/m?,

L AM 1.5

Cell Temperature: 25°C

9 | 180
2
g [ 1000w 160
7 & 140
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5 K\ 120

5 |- 6000W/m2]
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|
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3
/, i
2 \ 40
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o “ 0
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@urrem 5. Voltage
Power vs. Voltage

Current, Power vs. Voltage Characteristics

Power [W1

0 e

Operating Temperature

-40 to +194°F / -40 to +90'C

Storage Temperature

-40 to +194°F / -40 to +90°C

A
4—.-‘}}
* ¥ ]
1
B
| 54]
=
] —
-1
E
F
= 9 1 L)
[{ ¢
A B ¢ B E F
51.9'1318mm 39.179%4mm 1B'dkmm 19,2°/259mm 37.1'5943mm 25.2%39mm

Design and specifications are subject to change without notice.

In the absence of confirmation by product maneals, Sharp takes ne responsibility for any defects that may occur in equipment using any Sharp devices.
Contact Sharp to obtain the latest product manuals before using any Sharp device.

SHARP.

Sharp Electronics Corporation » 5901 Bolsa Avenue, Huntington Beach, CA 92647
Tel:1-800-SOLAR-06 + E-mail: sharpsolar@sharpusa.com - www.sharpusa.com/solar

§5D-162-805

@12005 Sharp Electrenics Corporation

Printed in the USA



LHARR | RESIDENTIAL SYSTEM MODULE

POWERFUL. ATTRACTIVE. RELIABLE.

POLY-CRYSTALLINE SILICON PHOTOVOLTAIC
MODULE WITH 167W MAXIMUM POWER

Designed specifically for peak roofs, Sharp's ND-167U3A photovoltaic
modules offer industry-leading performance and aesthetics.
These residential modules give the clean, attractive appearance

of a high-tech skylight while the black anodized aluminum frames

and trim strips blend beautifully with the home's exterior. Using
breakthrough technology perfected by Sharp's 45 years of research and
development, these modules incorporate an advanced surface texturing
process to increase light absorption and improve efficiency.

Sharp's ND-167U3A modules are the perfect combination of technology

and aesthetics.

The laminated glass module is glazed Sharp’s residentiol modules with black frames
into o high torsion flack enodized and trim strips ave ideal for peak roofs, and
aluminum frame. allow for the seamless integration of the

system into the home’s design,




RESIDENTIAL SYSTEM MODULE

Cell

No. of Cells and Connections

Open Circuit Voliage {Voc)

Dimensions (A x B x C below)

Poly-crystaliine silicon

1318mm x 9%4mm x 46mm

51.9" x 39.1' % 1.8

Maximum Power Voltage (Vpm)

36.41bs / 16.5kg

2 pes per carton

Short Circuit Current {Isc)

Maximum Power Current {ipm)

563" x 42.5" x 5.1"
1430mm x 1080mm x 130mm

48 in serles
aoy Weight
28.9V S
22,8V Packing Configuration
Size of Carton
8.16A
7.33A

Loading Capacity (20 fi container)

Maximum Power {Pmax)*

224 pcs (112 cartons)

167W (+10% / -5%!

Module Efficiency (ym)

Loading Capacity (40 fi container)

504 pcs (252 cartons)

12.7% Loading Capacity (53 f{ container)

Maximum Systerﬁ Voltage

560 pcs (280 cartons)

60CVDC

Series Fuse Rating

15A

Type of Qutput Terminal

Lead Wire with MC Connectar

* (5TC) Standard Test Conditfons: 25°C, 1 kW/m?, AM 1.5

Operating Temperature

E e

-40 to +194°F /-40 to +90°C

Storage Temperature

-40 ta +194'F / -40 to +90°C

Cell Temperature: 25°C
A
9 ‘ I 180
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8 VA 160 £ 10 _ . _|
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7 I soorwym®) \ \ 140
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o 600TW/m? / \ \\ - : 1)
< 5 \ 100 E
A
34 / \ G

3 60 E

/, | -
2 40
\ ; x: ; )
1 \ 20
: | L,
0 5 10 15 20 25 W 35 e ¢
Voltage V3 EDGE VIEW. .
Current vs. Voltage
Power vs. Yoltage
Current, Power vs, Voltage Characteristics A B c o E F
51.9Y1318rmm 39,1'994mmm 18" f4bmm 10.27255mm 37.1"943mm 25.2539mm

Design and specifications are subject to change witheut netice,

In the absence of confirmation by product manuals, Sharp takes no responsibility for any defects that may occur in equipment using any Sharp devices.

Contact Sharp to obtain the latest product manuals before using any Sharp device,

SHARP.

" Sharp Electronics Corporation - 5901 Bolsa Avenue, Huntington Beach, CA 92647
Tel1-800-SOLAR-06 + E-mail; sharpsolar@sharpusa.com - www sharpusa.com/solar

S5D-167-805

©2005 Sharp Electranics Corperation

Printed in the USA



HARP MULTI-PURPOSE MODULE

HIGH-POWERED MODULE, SUPERIOR PERFORMANCE.

POLY-CRYSTALLINE SILICON PHOTOVOLTAIC MODULE
WITH 170W MAXIMUM POWER

Sharp's NE-170U1 photovoltaic modules offer high-powered performance
and industry-leading durability for large electrical power requirements.
Using breakthrough technology perfected by Sharp's 45 years of research
and development, these modules incorporate an advanced surface
texturing process to increase light absorption and improve efficiency.
Common applications include office buildings, houses, cabins, solar power
stations, solar villages and traffic lights. Ideal for grid-connected systems and

designed to, withstand rigorous operating conditions, Sharp’s NE-170U1

modules are the perfect combination of technology and reliability,

Solder-toated grie results in high filt factor ‘Sharp multi-purpose modules offer
perfarmance under low light conditions. industry-leading performance for
o variety of applicaticisg,



MULTI-PURPOSE MODULE

Cell .| Poenstailine sicon Dimensions (A x B x C below) 62.00" ¥ 3252" ¥ 181"
No. of Cells and Connections 72 in series 1575mm % 826mm % 4bmm
Open Circuit Voltage (Voc) 43,2V ngg_ht_________ R 37.485bs / 17.0kg
Maxitmum Powet Voltage (Vpm) 348V ‘| Packing Configuration 2 pes per carton
Short Circutt Current {Isc) 5474 Size of Carton 66.93" x 38.19" x 5.12"
Maxgp'_n_:m P_qwg_r__@yl_‘_rent {Ipm) 4.9A o 2700mm X 970mm X 130mm
Maximum Power (Pmax)” | 176W (+10% /5% Loading Capacity {20 ft container) 168 pes (84 cartons)
Module Efficiency (nm) 13.10% Loading Capacity {48 ft container) 448 pes (224 cartons)
Maximum System Voltage soovDe Loading Capatity {53 ft container) 504 pes (252 cartons)
Series Fuse Rating 10A
Type of Qutput Terminal Lead Wire with MC Connector
*(5TC) Standard Test Conditions: 25°C, 1 kW/m?, AM 1.5 [
Operating Temperature i -40 to +194°F / -40 10 +90°C
T
Storage Temperature ' -40 to +194'F /-40 10 +90°C

Cell Temperature: 25°C — ™
6 I 180
1000£W/m?] <\
5 : 150 ]
BO0LW/?] /
4 i : <\ 120
B
- H600IWim?] _ L]
3 Z A ¢
5 .
Z s / N % = . — — |
£ z t
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+ + +
2 60
I
== F
i 30 R
0 - 0 + + +
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Voliage [V] L
— Current vs. Voltage o
— Pawer v5, Yoltage
- B E F G
Current, Power vs. Voltage Characteristics 30.93%785.5mm 7.3"185 5mm 30.47%774mm 35.4%900mm

Design and specifications are subject to change witheut netice.

in the absence of confirmation by preduct manuals, Sharp takes no responsibility for any defects that may accur in equipment using any Sharp devices,
Contact Sharp to obtain the latest product manuals befere using any Shasp device.

SHARP.

[,
‘, Sharp Electronics Corporation « 5801 Bolsa Avenue, Huntington Beach, CA 92647
- Tel:1-800-SOLAR-06 « E-mail: sharpsolar@sharpusa.com - www.sharpusa.com/solar

Cover photo: Selas installatien by Pacific Power Management, Auburn CA - S5D-170-805 ©2005 Sharp Electronics Corperation Printed in the USA




HARP MULTI-PURPOSE MODULE

NEXT GENERATION. BREAKTHROUGH PERFORMANCE.

POLY-CRYSTALLINE SILICON PHOTOVOLTAIC MODULE
WITH 200W MAXIMUM POWER '

This poly-crystalline 200 watt module features 12.3% module efficiency

for an outstanding balance of size and weight {o power and performance.
Using breakthrough technology perfected by Sharp's 45 years of research
and development, these modules incorporate an advanced surface
texturing process to increase lght absorption and improve efficiency.
Common applications include office buildings, cabins, solar power stations,
solar villages, radio relay stations, beaconﬁ, traffic lights and security systems.
Ideal for grid-connected systems and designed to withsta:nd rigorous
operating conditions, Sharp's ND-200U1 modules offer rﬁaximum power

output per square foot of solar array.

Solder-cogted grid results in high fill facter Sharp mufti-purpose modules offer
petformance under low light conditions. industry-Jending performante fora
variety of applications.



MULTI-PURPOSE MODULE

: ! il
Cell . } e | Polyorystalline silicon Dimensions {L x W x D) 646" % 30.1" x 18"/
No. of Cells and Connections 60 in sevies 1640mn x 994m % 3omm
Open Circuit Voltage {Voc) 35.5V Weight 46,3105 / 21kyg
Maximum Power Voltage '(V,',Vn;) o ey I Size of Carton 663" x 432" x 45"/ 1735w X 1097 X 114
Shott Circuit Current {Isc) 7.824 Carton Quanttty 2 pes per carton
Maximum Power Current lpm) | 7024 Pallet Quantity 28 pos per pallel
Maximum Power (Pmax)’ 200W (+10% / -5%) Loading Capacity (48 ft container) | 448 pcs (16 pallets)
Medule Efficiency (nm) 12.3% Loading Capacity (53 ft container) | 476 pes (17 pallets)
Maximum System Voltage 600VDC
Series Fuse Rating 15A
Type of Qutput Terminal Cable with MC Connector L
i e R s
* ($TC) Standard Test Conditions: 25°C, 1 kW/m, AM 1.5 Operating Temperature (min to max,°F/°C} | -40 o +194°F / -40 to +90°C

Storage Temperature (min to max,°F/°C} | -40 to +194°F / -40 to +90°C

Cell Temperature: 25°C
90 240 =
85 | ] i 230 ¢
10000W/m?] 220 B
&2 210 ;
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o AN o0
o [Boowmal 1/ TN 180 g
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05 \ i 0 :
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Valtage [V] — Current vs. Voltage 7.87'.'?lmmm Js.ss'gqsmm 28.35‘g20mm 32.23‘:’820mm
— Power vs. Voltage
Current, Power vs. Voltage Characteristics E F G
39.13'/9%4mm 64.57"11640mm 51.18'/1300mm

Design and spedifications are subject to change without notice.

In the absence of confirmation by product manuals, Sharp takes no responsibility for any defects that may oceur in equipment using any Sharp devices.
Contact Sharp to obtain the latest preduct manuals befare using any Sharp device,

SHARP.

l .
%’ ‘ Sharp Electronics Corporation » 5901 Bolsa Avenue, Huntington Beach, CA 92647
Tel: 1-B00-SOLAR-06 - E-mail: sharpsolar@sharpusa.com * www.sharpusa.com/solar

Cover photo: Solar installation by Pacific Power Management, Auburn (A 55D-200-805% ©2005 Sharp Electronics Corporation Printed in the USA
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B mwdes Solar Hybrid Power
1 economic power ;

g Pak Kaleh in Pulau Pemanggtl

e —I - 7
Betlry Bark ek
-‘ I .- .-’ - h :.- ‘m

Lasd

. Coneept of Solar Hybrid System

JOHOR BAHRU: Life has
changed for the better for
the inhsbitants on remote
islandg off the coast of
Mersing, In cooperation
with the Government’s
Five Fuel Strategy, TNB

is electrifying remote

islands and villages
throughout Malaysia b
means of Solar Hybric

‘Systems {SHS).

Tha reliable and

constant energy sufpply :

means fishermen,

. six of these islands, can

now keep their daily catch
fresh for market in dee sp
freezers. Prior to SH

fish had to be eaten or

 sold the same day. This

iz only one, but clearly

beneficial, improvement to.

the’ islander's lives and the
aconomies of the islands.

SHS are & combination
of solar power panels and
generator sets. Battery
packs store solar power
ﬁenemted through the

ay to deliver o 24-hour
power supply. Fuelled
predominantly by solar

.Euwer the genarator sets

ick-in during overcast

J) iied and
opelate by TNB, SHS
can positively impact
the lives of thousands
of Malaysians living an
remote islands and within
jungle interiors. Realising
the human benefiis the
systems offer, TNB is
looking inte ways of
further prometing solar
and other renewable
energy sources into the
future.

ly a fisherman electrlclty and
in eat for life

When they sat
ir first meal with
1en_on Pulau Aur,
and technicians
. Nasional Berhad
the veritable feast
hem,

a.s so much figh to
g&-ES {a wholly
iary of TNE)
uhd Azhar Abdul
iember of the team
4 and technicians
to the island to

.install Solar Hybrid Systems

(SHS) on the island last year.
*I realised after the meal
that without freezers to stors

.their catch, the fishermsen had

to eat almost everything they
caught each day.
ofore SHS, electricity was

provided b{lidlasal -fuslled.

generators which cost as much
as RMS500 a month to supply
slectricity 12 hours a day

" to 6 homes.

Since the deployment of the

. SHS, tha same households now

anﬂi’ uninterrupted power
supply at & fraction of the cost
- just RM60 per month.

So what of the “fish feasts

of last aar? -

ell, now they have
freezers, on our last visit the.
feast was definitely not as much |

as it was.

“But, the hosg:tahayi
ey made -

remafned the same, T
us feel proud to work for TNB,"
said Mohd. Azhar, smiling.

. Islanders’ bountifui daily catch
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“INB in talks

with firm to

save fuel costs
[ S/_-S/os -3

Pm_ésciSE-
' @TENAGA -
23 NASIONAL wauao

TENAGA Nasional Bhd {TNB} is said
to be currently exploring the use of a
techniology that would enable coal-
fired power plants to use high sul- -
phur coal and save the power indus- -
try billiens of ringgit in fuel cost.

The process, which involves
applying a chemical to crushed coal,
is said to lower emissions of pollu- -
tants created by the burning of coal
and increases the efficiency of the
burn, “This GTS technology works on
all types of coal and hence offers a
large profit margin forthe end user.
It is fundamentally a pre-combus-
tion technique that offers flexibility
in operations, and users-dd not have
to retrofit existing plant facilities to
use it," said Alpha Beyond Sdn Bhd
director Adrian Qoi. . - .

Alpha Beyond has been granted
an exclusive licence to operate,
develop and commercialise the
technology. 1t caleulates that based

- on coal consumption of 20 million
fonnes per anmum, power compa-
nies in Malaysia would be able to
save RM1,8bil -per annum in coal
costs assuming the price of coal
remains at current prices. _

“The GTS technology will provide
power generation companies such
as TNB and other independent:
power producers an amazing eco-
nomic advantage,” Ooi said in a
statement. "“Together - with YTS

. Engineerings Sdn Bhd, we are in final
discussions with TNB for the long-
term utilisation of coal treated with
GT5 technology in Malaysia. TNB has
established a special task force to
explore the beneficial technology for -
the. major coal-fired power plants in -
Malaysia,” he added. Alpha Beyond
has formed a marketing alliance
with YTS Engineerings to marlcet the
technology to all coal-fired power
generation plants in"Malaysia,

The statement said high sulphur
coal had pot been a viahle option
thus far as buming of such coal did
not meet enviropmental and quality
laws and guidélines and due to sig-
nificant increase in demand for low
sulphur coal for generation activity,
the cost of low sulphur coal had dou-

~ bled over the past two years: /
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COOLING LOAD CALCULATIONS 153

ABLE6.19 CLID VALUES FOR SINGLE-FAMILY DETACHED RESIDENCES®

Design Temperature, °F

8 %0 95 100 105 110

" Daily Temp. Range® L M L i H L M a . " ” ”
il walls and doors ' )

“North 8 3 13 8 3 18 i? 8 18 13 ig 23

NEand NW 9 19 4 924 19 e 2419 24 29

East and West 18 13 23 18 13 2% 1 18 2% 2 2 .

" SE qud SW 6 1L 260 16 1t 2% 2 16 26 20 2% 3l

* South {1 6 L6 L1 G 21 16 11 21 16 51 26

Roofs and ceilings .
Attic or fat built-up 42 37 47 42 37 51 47 42 51 47 51 56

Flogrs and ceilings
“ Under coaditioned space.
aver uncondittoned room, :
Covercrawl space 9 4 N 9 4 14 129 2 14 19

_I%(_rrf!fr'nns _ .
"‘_.Insideorshaded ' 9 4 12 9 4 14 12 .9 14 12 14 19

"Cooling load remperature differences (CLTDs) for sinc'le- 'luuily detached houses, duplexes, ot nmitifamily with beth east and west
u\posed walls or ouly north and south e‘(pnst:d walls,

B denates Tow daily range, fess than 16 °F: M denotes muiulm daily range, 1010 ‘1 “F; and H dcnotes high duily range, greater than
25°F :

].g'cbrinled Wilh permission from i.he jog7 A.S'HRA E. Heindbook— Fundimenials.
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TABLE 6.21 SHADE LINE FACTORS (SLF)

Drocton  temwdeDegeer® -
Window
24 32 36 40 44 48 52

Faces

East 0.8 0.8 0.8 0.8 0 08 0.8
SE 1.3 1.6 14 1.3 il 1.0 0o
South 9.2 5.0 34 2.6 2.1 t.8 L5
SW 1.8 1.6 1.4 13 [ 1.0 09
West 0.8 0.8 0.8 0.8 0.8 0.8 0.8

Shadow leagth below the overhang eqitals the shade Gne factor times the overhang width. Valucs
are averages lor the 3 h of greatest solar intensity on August L. Reprinted with perinission from
the /997 ASHRAE Handboak—Fundemeritols.

TABLE 6.22 AIR CHANGE BATES AS A FUNCTION OF
OUTDOQR DESIGN TEMPERATURES

Outdoor Design Temperatuie, °F

e ——

Class 85 80 93 100 105 110
Tight 0.33 0.34 0.35 0.36 0.37 (.38
Medium (.46 0.48 0.50 0.52 0.54 0.56
Loose .68 0.70 0.72 074 0.76 0.78

Values for 7.5 mph wind and indoor temperatare of 757F
Reprinted with permission from the 1997 ASHRAE Handbook—F endementals.




498 APPENDIX

TABLEA.7 OVERALL HEAT TRANSFER COEFFICIENT U FOR BUILDING

CONSTRUCTION COMPONENTS, BTU/HR-FT-F

-

U-Value in
BTWhr-ft3-F
Construction Summer | Winter
WALLS
Frame with wood siding, sheathing. and inside finish:
No insukition 22 23
R-7 insutation (2 in.-2%2 in.} .09 .09
R-11 insulation {3 in-3%in) 07 07
Frame with < in. brick or stone veneer. sheathing, and inside finish:
No insutation 24 24
R-7 insulation 09 09
R-1% insulation 07 07
Frame with | in. stuceo, sheathing, and inside finish:
No insulalion 29 29
R-7 insulation .10 1)
£-11 insulation 07 07
Masonry:
8 in. concrete block, no finish A9 A
12 in. concrete block, no fnish A5 47
Masonry (8 in, concrete Block):
Insidle Nnish:
furred gypsum wallboard (V2 in.): no insulation 29 30
[urred, foil-backed gypsum wallboard {4 in): no insulation 24 30
L in. polystyrene instlation boasd (R-3). and ¥2 in. gypsum watllboard A3 i3
Masonry (4 i cinder block or hollow clay titey:
Trside linish:
furred gypsum watlbeard (¥ in.y; ne insufation .23 253
[urred, toil-backed gypsum wailboard (44 in y no insulation A7 A7
| in. polystyrens insulation board {£-3). and '+ in. gypsum wallbourd A2 A2
Masonry (3 i fuce brick and 8 in. cinder block or 8 in. holiow clay tley
Inside finish:
[urred gypsum wallboard (42 in. ) no insulazion 22 22
furred. Toil-backed gypsum wallboard {43 in.): no insulation 15 te
{ in. polystyrene insulation board (R-3). and 42 in. gypsum waliboard 12 12
Masonry (12 in, hollow clay tile or 12 in. cinder block}:
Inside finish:
furred gypsum wallboard (42 in.): ne insulation 24 .24
furrad, foil-backed gypsum widlboard (!4 in.}: no insulation .16 A7
| in. polystyrene insutation board (R-5), and ¥x in. gypsum wallboard A2 12
Masonry (4 in. face brick, 4 in. common brick):
Inside finish:
furred gypsum wallboard (% in.): no insulation 28 .28
furred. foil-backed gypsum wallboard (4 in.): no insulation 18 19
I . polystyrene insulation board (8-5), and 12 in. gypsum walthoard 13 13
Masoury (8 in. concrete or 8 in. stone):
[nside finish:
furred gypsum walltoard (%2 in: no insulation . 33 4
[urred, foil-backed gypsum wallboard (22 in): vo insuiation 2l Tt
| in. polysiyrene insubation board (R-3) and b2 . gypsum wallbourd e 4
Metal with vinyl inside finish, R-7 (3 in. glass fiber batt) 4 4
PARTITIONS
Frame {¥ in. gypsum wallboard one side only): A3 55
No insulation
Frame (% in, gypsunt waitboard cach sider:
No insulaiion T 3 3
R-11 insulaiion 08 08
Masonry {3 i vinder blocky:
Nov insulation. no finish A0 A0
No insufation. one side furred gypsuin wallboard {%2 1n.) 26 26
No insulation, both sides furred gypsum waltboard {42 in.) A9 19
One side | in. potystyrene insulation hoard {R-3), andt Y2 in. gypsum
watlboard 13 13




TABLE A.7 (Continued)

U-Value in
BTWhr-it*-F
Construction Summer | Winter
CEILING-FLOOR
Frame {asphalt-tite Hoor, ¥ in. plywood, 252 L. wood subfloor,
finished ceiling}:
Heat flow up 23 23
Heat Row down 20 A8
Conerete fasphalttile Roor. 4 in. voncrute deck, air space, finished ceiling):
Heat fow up 34 33
Heat flow dewn 26 - 235
ROOF ([t roof, no finished ceiling}
Steel deck:
No insulation .04 86
| in. insulation {R-2.78) 23 25
7 in. insulation {R-3.50) A3 A6
[ in. Wood deck:
N insulation 40 A48
1 in. insulation (R-2.78) 19 21
2 in. insulation (R-3.36) A2 13
2.5 in. Wood deck:
No insulation 25 26
| in. insalation (R-2.78) 13 .1a
2 i insulation (R-3.56) .i0 Ay
4 1, Wood deck:
No insulation 17 18
I in, insulation (8-2.78) A2 A2
2 in. insulation (R-5.56) 0% 09
ROQF-CEILING (flar rool. (inished ceiling)
Sreel deck:
Nao insulation 33 A0
i in. insutation (R-2.78) A7 g
2 in. insulation {R-3.56) A2 A3
I in. Wood deck:
No insulation 26 29
| in. insulation {R-2.78) A3 .16
2 in. insulation (R-3.56) A A3
2.5 in. Wood deck: o
No insulation 18 20
| in. insulation {£-2.78) 12 A3
2in. insulation (K-3.50) 09 0
4 inn. Wood deck:
No insulation RE) A5
1 in. insulation (R-2.78) 10 A0
2 i ingulation {R-3.56) R .08
4 . Lightweighn conerete deck:
No insuliation 14 A5
6 in. Lightweight concrete deck:
No insulation A0 Al
" 8 in. Lightweight conerete deck:
No insulition 03 v
2 in, Heavywelght concrete deck:
No insulation 32 18
1 in. tnsulation (R-2.78) A7 49
3 in. insuiation (K-3.306) ny 12
1 in. Heavyweight conerete deck:
No insulation 30 36
1 i, insulation (R-2.78) 16 ]
2in, insulation (R-3.56) R 12
& in, Heavyweight concrets deck:
N insulaiion 28 33
| in. insularion (R-2.78) 16 A7
ST NE 12

APPENDIX 499



300 APPENDIX

TABLE A.7 (Continued)

U-value in
BTU/hr-it>-F
Construction Summer | Winter
ROOF-CEILING (woud lrame pitched roof, finished ceiling on raflers)
No insulation 28 .29
R-19 insutation {32 in.-6%in) A5 N5
ROOF-ATTIC-CEILING [attic with natural ventitation)
No insulation A3 .29
R-19 insutation (3% in-6% in.) L 05
FLOORS
Floor over unconditioned space. no ceiling:
Wood frame:
No insulation A3 27
R-7 insulation (2 in.-2% m.) m 08
Concrele deck:
No insulation 59 A3
R-7 insulation A 09
DOORS
Solid wood:
1 in. thick At 04
1% i, thick 47 A8
2 in. thick A2 A3
Steel:
14 in. thick. mincral fber core 38 59
V2 in, thick, polystyrene core 46 47
14 i, thick, urethane fowm core 39 K]
TABLE A.8 OVERALL HEAT TRANSFER COEFFICIENT U FOR GLASS
(BTU/HR-FT2-F) (For glass instalied vertically}
Type of Frame (Sash)
Aluminum {with thermal break) Wood or Vinyl
Type of Glazing ‘Winter Summer Winter Summer
Single glass 110 1.01 0.98 .90
Double glass :
¥ in. air space 0.60 0.56 0.51 0.47
# in. air space E-film .48 0.45 0.39 0.37
Triple Glass
¥ in. air space 0.46 043 (.38 0.36
¥ in. argon space 0.34 0.33 (x.23 .24

Note: E-film is arel}

v Sorumg__' {(E=0.15).
Abridged with permission from the 1993 ASHRAE Houdbook—Fundamentods.
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TABLE A9 OUTDOOR HEATING AND COOLING DESIGN CONDITIONS—WORLD LOCATIONS—(

Lat. = latitude

DB = dry bulb temperature, F
MWE = mean coincident wet bulb termperature, F
MDB = mean coincident dry bulo temperature, F

DR = mean daily range of DB tempe
Abridged with permission from the 1

rature, F
997 ASHRAE Handbook—Fundamemntals.

CONCLUDED)
Heating Cooling
Degree )
Location LAT Days DB DB MWB W8 MDD

SAUDI ARABIA

Riyadh 25N 4 111 64 69 96
SINGAPORE

Singapore IN 73 ' 91 79 g1 8y
SOUTH AFRICA

Iohannesburg 265 34 £4 6l 63 77
SPAIN

Barcetona 4iN 32 85 74 77 83

Madnid 41N 24 97 69 i 04
SWEDEN

Stockholm SON -1 79 63 66 74
SWITZERLAND

Geneva 46N 18 86 66 68 82
TAIWAN

Tuipei 25N 48 94 80 82 91
THAILAND

Bangkok 14N 65 99 80 84 94
TURKEY

{stanbul 4N 20 80 70 74 82
UNITED KINGDOM

Birmingham 32N 21 78 64 65 75

London SIN 22 80 65 67 77
UKRAINE '

Kiev 50N -2 83 67 64 79
URUGUAY

Montevideo 358 35 gy 72 76 83
VENEZUELA '
- Caracas 1IN 70 92 84 86 90
VIETNAM

Ho Chi Minh City

(Szigon) ' 1IN 68 95 77 81 9
YUGOSLAVIA

Belgrade 45N Il 92 7 73 87
ZIMBABWE

Harare I18S 43 56 62 68 76

19

I3

29

16




