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ABSTRAK 

Ciri-ciri keluaran nominal mana-mana sel suria yang direka atau modul dinilai secara 

konvensional berdasarkan keperluan standard yang dipanggil sebagai Keadaan Ujian 

Standard (STC). Untuk mematuhi keperluan STC ini sebelum produk dikomersialkan, 

setiap sel/modul suria fabrikasi mesti menjalani beberapa ujian seperti pengukuran voltan 

arus di bawah tiga keadaan persekitaran: sinaran suria 1000 W/m2, suhu sel 25°C dan 

jisim udara (AM) 1.5. Secara amnya, lampu berasaskan xenon biasanya digunakan 

sebagai sumber pencahayaan utama 1000 W/m2  dan istilah ‘AM1.5’ terutamanya 

distrukturkan berdasarkan penapis AM1.5 berasaskan kaca yang tersedia secara 

komersial dalam simulator suria biasa. Walau bagaimanapun, teori terperinci bagaimana 

dan mengapa semua keperluan ini samada ianya harus atau tidak harus distrukturkan 

jarang dibincangkan dan didedahkan dalam literatur. Oleh itu, kajian ini akan 

menjalankan penyiasatan mendalam dalam membangunkan metodologi yang betul dan 

relevan supaya sistem pencirian voltan arus yang boleh dipercayai dapat diwujudkan 

dengan mematuhi keperluan STC ini. 
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ABSTRACT 

Nominal output characteristics of any fabricated solar cells or modules are conventionally 

evaluated based on standard requirement that is called as Standard Test Condition (STC). 

In order to comply with this STC requirement before products are being commercialized, 

each fabricated solar cell/module must undergo several tests such as current-voltage 

measurements under three environmental conditions: solar irradiance of 1000W/m2, cell 

temperature of 25°C and air mass (AM) of 1.5. Generally, xenon-based lamps are 

commonly utilized as main illumination source of 1000W/m2 and the term ‘AM1.5’ is 

mainly structured based on commercially-available glass-based AM1.5 filter in typical 

solar simulators. However, the detailed theories how and why all these requirements 

should or should not be structured is rarely discussed and revealed in the literatures. 

Therefore, this study will conduct deep investigation in developing proper and relevant 

methodologies so that the reliable current-voltage characterization system can be 

established by complying these STC requirements. 
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CHAPTER 1 

 

 

INTRODUCTION 

1.1 Introduction 

Nowadays, the growth in renewable energy generation has led to an increased 

need to develop, manufacture and test components and subsystems for solar simulator, 

photovoltaic (PV), and concentrating optics for both simulator and electrical solar 

applications. Photovoltaic is the most common renewable energy resources that has been 

used broadly around the globe [1]. Solar cells that made from crystalline silicon, thin film 

and organic dye-based compounds are materials used to be conventionally measured by 

the simulator to produce output current-voltage characteristics. However, in order to get 

the current-voltage characterization, the solar simulator must be achieved the three 

environmental Standard Test Condition (STC) such as solar irradiance of 1000W/m2, 

cell temperature of 25°C and air mass (AM) of 1.5 [2]. 

A solar simulator is a device that produces light with the same intensity and 

spectrum composition as real sunlight. Solar simulators, often known as sunlight 

simulators are pieces of scientific equipment that simulate sunlight in controlled 

laboratory settings. They are required for the development and testing of goods and 

processes that utilise or are impacted by sunlight, such as solar cells, solar fuels, 

sunscreens, polymers, coatings, and other photosensitive materials [3][4]. A light source 

and power supply, optics and filters to adjust the output beam, and the controls required 

to run the simulator are the main components of solar simulators. Because of variations 

in how artificial light is produced, additional procedures must be taken to match the 

intensity and spectral composition of sunshine. 
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These factors will have an effect on the panel specs, resulting in higher 

performance outcomes. A side from that, it is hoped that by taking the proper approach, 

it would be possible to improve the performance of the solar simulator so that it may be 

used in the same way as an outside environment to provide output data for current-voltage 

characterisation. As a result, the goal of this project is to examine the Standard Test 

Condition requirements for developing a reliable current-voltage characterization system 

for Dye-Sensitized Solar Cells (DSSC) as an alternative to commercial solar simulators 

and photovoltaic measuring systems [5]. 

1.2 Problem Statement 

In developing solar simulator, there are several critical requirement that must be fulfilled, 

which is called as Standard Test Condition. Those parameters are solar irradiance of 

1000W/m2, cell temperature of 25°C and Air Mass (AM) 1.5. Understanding the true 

meaning and how to properly achieve this STC are the main points to be revealed in this 

study since several arguments can be raised for each parameter such as; 

a) Solar irradiance (1000𝐖/𝐦𝟐) – Logically, PV cell and solar cell absorb energy 

directly from sunlight. Solar irradiance meter is used to measure the direct 

sunlight. Since this device (silicon-based) follows the sunlight spectrum, if  the 

different light source is change to other types of lamp such as Xenon, Tungsten 

Halogen Arc lamp or LED, there are  possibilities that the measurement cannot 

be performed properly due to this different spectrum absorbed by the solar  

irradiance meter. Conventionally, the calibrated solar reference cell is used to do 

the calibration but it is very costly and difficult for small-scale development. 

Other solutions is needed - such as, use the meaning in term of lux because lux 

can be measured any light intensity. Further study correlation relationship should 

be deeply investigated and further analysed. 

 

b) Cell Temperature (25°C) – Commonly, the temperature can be stabilized used 

any available cooling devices (fan, peltier, liquid coolant). However, the ambient 

temperature 𝑇𝑎𝑚𝑏 will keep increase over exposure time from illumination of the 

light source which consequently rise up the 𝑇𝑐𝑒𝑙𝑙, simultaneously. Therefore, 

how much the tolerance (temperature) is considered and do the cell temperature 
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keep stable at 25°C for the whole time during the measurement? How much time 

is needed for the cell temperature to become stable? 

 

c) Air Mass (1.5) – AM 1.5 filter already with costly almost RM10, 000 to filter 

sunlight spectrum. It is necessary to understand the practical meaning of Air Mass 

and need to be analysed other solutions are needed. 

 

1.3 Objective 

1) To study the correlation between illuminance (lux) and solar irradiance using 

several light resources. 

2) To propose a mechanism in stabilizing the cell temperature at 25°C even under 

high illuminance condition. 

3) To construct a structure based on related angle concept in order to comply with 

AM 1.5 requirement. 

 

1.4 Scope of Project 

 Size of tested solar cells: 2.5cm x 2.5cm (DSSC) and 6cm x 6cm (Silicon solar 

cell) 

 Design development small-scale solar simulator of controlled-environment 

measurement platform that consists of the Standard Test Condition (STC) 

requirements which are 1000 𝑊/𝑚2of solar irradiance, cell temperature of 25°C 

and Air Mass (AM) 1.5. 

 Development of cooling system for measurement setup of Dye-Sensitized Solar 

Cell (DSSC). 
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CHAPTER 2 

 

 

LITERATURE REVIEW 

2.1 Introduction 

In study on some literature review, there are some method and approach to 

identify the performance solar simulator based on Standard Test Condition (STC) 

requirement factor. Most of the journal carry on about the investigation of lamps (argon 

arc, metal halide, tungsten halogen, xenon arc, and LED), solar irradiance (illumination 

and lux), Air Mass (AM) 1.5, and cell temperature of 25°C. A part from that, another 

journals are mentioning the specification to build up solar simulator like current-voltage 

(I-V) measurement and cooling system. Most of the parameter related to each other. The 

assessment consists of define the parameters, measurement tools, method used, clarifying 

and summarizing the literatures. The title of journal, name of author, year published and 

study aim also been stated. All of the information is summarized in Microsoft Excel. 

2.2 Standard Solar Simulator 

These space solar simulators set the foundation for most of today's basic research 

and testing in solar modelling [6]. Solar simulators are required in order to compare solar 

devices and create big arrays on a consistent basis. This produced a demand in the 

industry for testing solar cells and other devices under controlled settings, as well as a 

demand for easily available solar simulators. Solar simulators are critical for photovoltaic 

measurements in both research and industry, and because the illuminated current-voltage 

(I-V) is sensitive to spectrum, intensity, and temperature, the search for new light sources 

and the development of higher accuracy optical systems based on leading standards 

became a priority [7]. 
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2.2.1 Blackbody Radiator Spectrum 

A blackbody is a perfect emitter and absorber of radiation [8]. At a given 

temperature, a blackbody radiator has the highest conceivable spectral radiance for a 

heated body. As a result, this temperature is commonly utilised as a handy baseline for 

comparison with real-world radiation sources [9]. At a temperature of 5777 K, which can 

be estimated to 5800 K, the sun can be thought of as a blackbody radiator. 

2.2.2 Solar Spectrum 

Because of absorption in the cold peripheral solar gas [10], the real solar spectrum 

differs from a blackbody radiance at 5800 K. Direct solar radiation is absorbed and 

scattered by gaseous molecules such as nitrogen, oxygen, aerosols, and water vapour as 

it travels through the earth's atmosphere. As a result, once the solar radiation has passed 

through the atmosphere, an Air Mass (AM) coefficient has been created to characterise 

the solar spectrum [11]. The AM coefficient is defined as the product of the solar radiation 

path length through the atmosphere (L) incident at a zenith angle (z) and the atmosphere 

thickness in the zenith direction (L0) [12]: 

𝐀𝐢𝐫 𝐌𝐚𝐬𝐬 (𝐀𝐌) =
𝐋

𝐋𝟎
=

𝟏

𝐜𝐨𝐬𝛉
 

Although this relationship can be improved by modelling more realistic route 

thicknesses over the horizon [13], the equation above is still widely used to determine 

standard conditions for solar applications. It is denoted in term of "AM" followed by the 

number.  

Extra-terrestrial solar spectrum AM 0 is utilised to characterise PV panels used in 

spaced applications [15]. There are several types of solar irradiance spectra that may be 

generated using single or multiple measurement sets or models [16]. However, the ASTM 

E490 standard is typically used for space solar power applications. Because the majority 

of the world's largest solar installations and industrial centres are located in the mid-

latitudes, an AM number for a zenith angle of 48.19° was determined [17]. 

 



 

6 

2.3 Lighting of Solar Simulator 

The most important aspect of designing a solar simulator is selecting an 

appropriate light source to imitate sunlight and its intensity. A light source for solar 

radiation modelling should normally be evaluated in terms of; 1) spectral characteristics; 

2) uniformity of illumination; 3) collimation; 4) flux stability; and 5) range of flux 

available [18]. Various lamps have been suggested throughout the history of solar 

simulation, including the Quartz Tungsten Halogen lamp, Xenon Arc lamp, Metal Halide 

Arc lamp, and Light-Emitting Diode (LED). 

2.3.1 Quartz Tungsten Halogen Lamp 

The colour temperature is the temperature of an ideal black body radiator with the 

same peak irradiance as the test source. Quartz tungsten halogen lights like other filament 

lamps, can only operate at 3500 K. The output of a Quartz Tungsten Halogen lamp is 

given below, Table 2.1. 

Table 2.1: The Performance of Quartz Tungsten Halogen Lamp [19] 

 

Advantages 
 

Drawbacks 

The AM 0 has a color temperature of around 5900K.  Because of the color temperature of 3400K, shorter 

wavelengths (blue and UV) are weaker. 

Infrared component is stronger.  

Low cost, high light output, easy maintenance, and 

increased consistency. 
 

 

2.3.2 Xenon Arc Lamp 

The xenon arc lamp is the most common light source used in practically all types 

of solar simulators, and is notably popular among commercial standard solar simulator 

makers[20][21]. Furthermore, high pressure short arc xenon lamps may provide a brighter 

point source than other light sources, which is needed to produce a collimated high 

intensity light beam. Because of these benefits and disadvantages, Quartz Tungsten 

Halogen lamp and Metal Halide Arc lamp outperform Xenon light in the construction of 
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new solar simulators with low spectrum and intensity requirements. The following from 

Table 2.2 depicts the performance of a Xenon Arc light. 

Table 2.2: The Performance of Xenon Arc Lamp [22] 

Advantages  Drawbacks 

Ultra-violet (UV) spectral properties that remain 

stable. 
Power supply must be more complicated and costly. 

Infrared emission lines between (800-1000) nm are 

quite strong. 
Security risk is high. 

Variation in power has no discernible effect on 

spectral balance. 
As the lamp ages, the peak of irradiance shifts 

somewhat from UV to IR. 

 Instability of the light output's amplitude. 

 

2.3.3 Metal Halide Arc Lamp 

When the Compact Source Iodide (CSI) was created, a metal Halide Arc lamp 

was provided as a light source option for solar simulators [23]. As a result, CSI lamps are 

mostly utilised in solar simulation applications that need non-collimated light, such as 

collector testing solar simulators and some Photo-Voltaic (PV) testing solar simulators 

that require merely steady large-area lighting and less precise spectrum features [24]. 

Table 2.3 show the performance of metal halide arc lamp. 

Table 2.3: The Performance of Metal Halide Arc Lamp [25] 

Advantages Drawbacks 

High light efficiency of more than 90 lm/W. UV part is insufficient. 

In spectral conditions, there is a good balance. Poor collimation quality. 

Close sunlight matching and a lengthy life time over 

1000 hours. 
The UV part is insufficient. 

Price is relatively low.  

Irradiate with a high level of intensity.  

Low cost and broad spectrum coverage.  

 

2.3.4 Light-Emitting Diode (LED)  

When electrically biased in the forward direction of the p-n junction, an LED 

creates a narrow-spectrum light. The method through which LEDs emit light is not 
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comparable to that of a filament or arc lamp. Because of its modest light intensity, LEDs 

were first utilised solely as indicators and signs. LEDs were offered as a new light source 

option for solar simulator architecture during the start of the 2000s, with the introduction 

of high power LED technology [26]. A good cooling system is therefore necessary, but 

it also decreases output efficiency. In conclusion, the benefits of LEDs exceed the 

disadvantages, making them an ideal candidate light source for future improved solar 

simulator design, at least for presently concentrating type solar simulators. The 

performance of LED lamp will be shown from Table 2.4 below. 

Table 2.4: The Performance of LED Lamp [27] 

Advantages Drawbacks 

Fasting controlled in microseconds or less.  The light output energy, efficiency, and longevity of 

the junction decrease as its operating temperature 

rises.  

For a long period, it was steady at a single light 

output intensity.  
The output spectrum's relationship to the amount of 

light produced (drive current). 

Except for white LEDs, the output spectrum has a 

rather small monochromatic range. 
For concentrating solar simulator designs, the light 

intensity of LEDs is still modest. 

Colors and wavelengths are available in a wide range.  

LEDs with light intensities of up to 1000W/m2 are 

now available. 
 

In general, the lifespan is very lengthy, ranging from 

(50,000-100,000) hours. 
 

Compacter and more energy-efficient.  

 

2.4 I-V Measurement 

The (I-V) measurement can be divided into three themes based on article from journal of 

energy such as electronic load, load capacitive and MOSFET. This concept to apply for 

solar simulator if the STC requirement will be achieved. The article will be reviewed 

below. 
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2.4.1. Electronic Load 

The mechanical power of the water flow determines the turbine rotational speed, 

and the generator speed is determined by the load connected to the generator. If the flow 

of water entering the turbine or the consumer load connected to the generator varies, the 

generator output voltage and frequency vary proportionally [28]. In the event of steady 

water flow into turbines, ELC maintains a nearly constant load on the generator by 

turning on and off fake loads when consumer loads linked to the generator drop or grow. 

As a result, the generator creates a consistent voltage and frequency when fed a constant 

water supply. Because it turns on and off fake loads using electronic switches, ELC has 

a very quick reaction time [29]. The ELC maintains the frequency and voltage at the 

agreed-upon levels without the need for human intervention. Switching dummy loads at 

sine wave peaks can generate strong sparks that harm electronic switches and consumer 

loads connected to the generator. The generator's output will no longer be a pure sine 

wave [30].  

2.4.2 Load Capacitive 

The capacitive load is the most frequent approach used by commercial equipment 

to measure the (I–V) curve of PV devices and it is recommended by international 

recommendations and standards for evaluating PV arrays ranging from 2 to 50 kWp [31]. 

In 1994, the IES–UPM created a former load based on this technology, which was 

employed for the first time in the quality control of PV arrays at the 1 MW Toledo-PV 

facility. 

Although this latter load is still operational, it has certain drawbacks for example, 

it’s inconvenient mobility and lacks several functions that must be done individually in 

array short-circuit. These considerations prompt us to create a new and improved 

capacitive load based on IGBTs, the practical design of which is described in order to 

encourage the development and use of similar equipment not only by research 

laboratories or universities, but also by small-scale organisations such as promoters, 

companies, and utilities involved in PV electrification projects. The load is capable of 

measuring the (I–V) curve of PV arrays with short-circuit currents (Isc) of up to 80 Amp 

and open-circuit voltages ( Voc ) of up to 800 V. Until present, the load has been 
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successfully evaluated with over 30 PV arrays in the context of quality acceptance 

procedures used in various PV rural electrification projects in Algeria, Morocco, and 

Tunisia [32]. 

2.4.3 MOSFET 

Power MOSFETs, an essential component of power electronic systems, have 

great properties such as a high switching frequency, a large input impedance, and a low 

conducting resistance. Power MOSFETs are more costly than other electrical devices, 

and the risk of breakdown is higher. As a result, research into an effective strategy for 

CM of power MOSFETs is both important and required [33]. The theoretical study 

establishes a connection between the MOSFET's on-resistance and the junction 

temperature, as well as three temporal constants that describe the junction's transient 

reaction. The various time constants are used to analyse the die, module, and heat sink. 

AE Non-Destructive Testing (NDT) is widely used in the detection of rail, 

container, building, and power electronics devices because to its capacity to perform 

dynamic monitoring [34]. As a result, the AE sensor can monitor the power MOSFETs 

in real-time.  

2.5 Cooling System 

The concept of cooling system to stabilize the temperature of 25°C for apply to solar 

simulator later. The concept of peltier system, solar cooling system, radiator system and 

air cooling system also will be reviewed below. 

2.5.1 Peltier System 

Peltier devices are used as a source of coolness in this system. In contrast to a 

thermoelectric effect [35]. When two metals come into touch with each other, the 

thermoelectric effect occurs. The thermoelectric voltage is formed and the current begins 

to flow when one connection is heated to a greater temperature. When produce an 

electrical current in this circuit, heat occurs on one side and flows through the other. 
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The peltier element is therefore made up of two P-type and N-type 

semiconductors, as well as connecting bridges. The majority carriers in an N-type 

semiconductor are electrons, whereas the minority carriers are holes. These are pulled 

from the chilly side to the warm side and towards the positive pole. The majority carriers 

in a P-type semiconductor are holes, whereas the minority carriers are electrons. They are 

transported to the polar opposite, from cold to hot [36]. As a result of the process, the 

number of free charge carriers in the coupling bridge on the cold side decreases, and the 

thermoelectric voltage between the bridge and the semiconductors decreases. 

The efficiency of heat transmission like peltier components is low and highly 

reliant on the temperature differential maintained. This appears to be the most significant 

drawback in comparison to other methods, such as the compressor. However, 

substantially less cooling performance may be feasible, which is not required for over-

performance. In comparison to the huge compressor system, this offers energy savings. 

The compact size of the cooling element is another advantage of peltier systems [37]. 

Heat is removed from a region of up to square centimetres in size. Furthermore, the 

system comprised of these pieces is readily transportable and, if necessary, may be 

powered by a battery. Various freezers for outdoor stays as an example, might be listed. 

2.5.2 Solar Cooling System 

The condenser, evaporator, and expansion valve are the same components used 

in the Vapour Compression Cooling (VCC) system. The mechanical compressor of the 

VCC machine, on the other hand, is replaced with a group of equipment that act as a 

thermal compressor, such as a generator, absorber, and circulation pump. Heat 

exchangers can be added between the generator and the absorber to further warm the 

dilute solution before it enters the generator, or between the condenser and the evaporator 

to increase the evaporator's cooling capacity [38]. A cooling tower is often required to 

deliver cooling water to the absorber and condenser in order to reject heat from absorption 

and condensation.  

The limitation of the water/lithium bromide solution is that it can only be used at 

evaporation temperatures above 0 C, limiting its applications to air conditioning, whereas 

the ammonia/water pair has the advantage of being able to be used at a wide range of 

concentrations without the risk of crystallisation that is found in the case of ammonia and 
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some salts [39]. SABC systems have coefficient of performance (COP) values ranging 

from 0.6 to 0.8 for single stage chillers and from 0.9 to 1.3 for double effect chillers, and 

require heat temperature supply ranging from 80 to 95 degrees Celsius for a single stage 

and between 130°C and 160°Ce for double stage SABC. 

The results showed a reduction in cooling season energy usage of 26.70% when 

compared as well as a lower yearly cost when compared to a typical solar absorption-

compression cascade cooling system. Stationary compound parabolic solar collectors 

propelled the absorption subsystem. Peak instantaneous cooling power and coefficient of 

performance were determined to be 4 kW and 0.69, respectively [40]. 

2.5.3 Radiator System 

Before the experimental results from on-site testing were obtained, the vehicle 

radiator cooling system was theoretically modelled [41]. By adjusting the solar heat flux 

input, water mass flow rate, and water inlet temperature to the cooling block, a three-

Dimensional (3-D) modelling was built to simulate the temperature at the cooling block's 

centre point (the hottest point). Furthermore, the heat rejection by the vehicle radiator 

was calculated using heat transfer formulae for varying fan wind speeds and cooling fin 

surface areas. The goal of theoretical modelling for both the car radiator and the cooling 

block is to assist us in improving the prototype cooling system's intended characteristics 

such as wind speed and water flow rate. The next parts show the results of the extensive 

theoretical analysis and simulation. 

The heat rejection rate of an automotive radiator is investigated in this section 

utilising analytical methods based on forced convection by air and heat dissipation by 

radiation. The overall surface area of the vehicle radiator is 3.8m2, with a fan covering 

just 2.2m2. Convection is only considered on the areas of the radiator covered by the air-

flow provided by the fan in our heat rejection study, whereas radiation is evaluated on 

the whole surface area of the radiator. The conduction heat transfer rate of the vehicle 

radiator is minimal and may be ignored [42]. Because forced convection and radiation 

are the primary heat transfer mechanisms in car radiators, the total heat removed by the 

automotive radiator is the sum of heat removed by both forced convection and radiation. 
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2.5.4 Air Cooling System 

Air cooling is one of the most popular methods of heat dissipation in BTMS of 

EVs due to a variety of benefits such as simple structural design, low cost, lightweight, 

ease of maintenance, long life, ease of single-cell replacement, and modest parasitic 

power consumption at low battery discharge rates, all of which contribute to overall EV 

efficiency [43]. 

Given the benefits of air cooling solutions discussed above, it is implemented in 

many commercial EVs, as seen in Figure 4. The Honda Insight and Toyota Prius were 

the first commercially available hybrid electric vehicles that employ BTMS air cooling 

methods [44]. The Honda Insight battery pack included 20 modules of cylindrical 

batteries, each with a capacity of 144 V and 0.94 kWh, but the Toyota Prius battery pack 

contained 38 modules of prismatic cells, each with a capacity of 273.6 V and 1.78 kWh. 

Both EV's battery packs were cooled with conditioned air from the cabinet, and the heat 

absorbed was then discharged into the environment [33]. Many other EVs, including as 

the Nissan Leaf, Mitsubishi i-MiEV, Reynolds ZOE EV, and Renault Zoe, have utilised 

air-cooled BTMS. 

Although air-cooled battery thermal management strategies offer various benefits 

over other approaches, its shortcomings include a limited heat capacity of air and the 

necessity of a greater volumetric flow to achieve the same cooling performance as other 

BTMS [45]. Further study is needed to construct an efficient and modern BTMS capable 

of regulating the temperature of the battery pack within an optimal performance range 

and maintaining temperature uniformity while consuming less parasitic power and 

requiring less system complexity. 

 

2.6 Summary of Literatures 

The summarization about study aim, content, parameters, measurement tool, method and 

conclusion are shown in Appendix B. 
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CHAPTER 3 

 

 

METHODOLOGY 

3.1 Introduction 

This chapter will discuss about the methodology used to investigate Standard Test 

Condition Requirement (STC) in establishing reliable Current-Voltage (I-V) 

characterization system for Dye-Sensitized Solar Cell (DSSC) as an alternative for 

commercial solar simulator and photovoltaic measurement system. The planned of this 

project in methodology process is consists of 3 stages based on the flowchart of 

methodology from Figure 3.1.  

The first thing to do is comparison between solar irradiance (𝑊/𝑚2) and lux (k 

lx) by using several light resources. The condition will be divide in two (2) categories 

which is outdoor condition and indoor condition.  The measurement irradiance and lux at 

outdoor condition performed below under sunlight, while the measurement at indoor 

condition performed by using halogen lamp and LED grow light. The variety of lamp 

selection depend by the performance light source need for apply STC requirements into 

solar simulator. The second stage will stabilizing temperature of 25°C that focusing about 

time taken cell temperature (𝑇𝑐𝑒𝑙𝑙) and ambient temperature (𝑇𝑎𝑚𝑏) to reach and maintain 

at 25° C. Other than that, the third stage is a structuring of Air Mass (AM) 1.0 and 1.5 of 

solar simulator. For the data analysis of this project, the result obtained of major Standard 

Test Conditions (STC) of solar simulator will be analysed and further discussed. 
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Figure 3.1: The Flowchart of Methodology STC Requirements 
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3.2 Stage 1: Comparison Solar Irradiance and Lux 

3.2.1a)      Under Sunlight  

For the comparison solar irradiance and lux, this measurement use two (2) 

instruments which is solar irradiance meter and lux meter to collect and analysis data 

under sunlight instead of outdoor condition, Figure 3.2. Other than that, Table 3.1, Table 

3.2 and Table 3.4 has been shown the expected output measurement must have been day, 

date, reading measurement, the value that will be testing between solar irradiance and 

lux, also have timing in 24-hour system to be recorded. Furthermore, parameter to be 

measured have in two terms such as solar irradiance of (200-1100) W/m2  and the 

illuminance (lux) of (200-1100) k lx for the expected output measurement.  

 

Figure 3.2: The Instruments of Lux Meter and Solar Irradiance Meter 

 

Table 3.1: The Expected Output Measurement of Under Sunlight 
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Location measurement outdoor condition at UMP Pekan which is a) Basketball’s 

Court of Figure 3.3, b) in Front PAP of Figure 3.4 and  c) Environment at Kolej Kediaman 

5 (KK5) of Figure 3.5 below. The data measurement of stage 1(a) at outdoor condition 

by using solar irradiance meter and lux meter. 

 

Figure 3.3: Basketball’s Court 

 

Figure 3.4: In Front of PAP 

 

Figure 3.5: Environment at Kolej Kediaman 5 (KK5) 
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3.2.1b)      Halogen Lamp 

This investigation is want to know the specification Halogen lamp based on 

performance during later measurement under indoor condition. This measurement of 

halogen lamp performed at Faculty Technology Electrical & Electronic in alternative 

energy lab. It’s also to analyse the solar irradiance and illuminance compare with another 

light sources. The parameter to be measure by referring parameter under sunlight which 

is irradiance and lux. From the Figure 3.6 till Figure 3.10 below, show the views of 

Halogen lamp in varieties sides. 

 

Figure 3.6: Front Side View of Halogen Lamp 

 

Figure 3.7: Left Side View of Halogen Lamp 
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Figure 3.8: Right Side View of Halogen Lamp 

 

Figure 3.9: Back Side View of Halogen Lamp 

 

 Figure 3.10: The Measurement of Halogen Lamp Following AM 1.0 Concept 
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Table 3.2: The Expected Output Measurement of Halogen Lamp 

The measurement performance of Halogen lamp were applied in Air Mass (AM) 

1.0 concept by referring Figure 3.10. This is because the AM 1.0 gives the effective way 

of irradiance and in some of light source especially the Halogen lamp value during 

measurement. The output result involved solar irradiance in term of 𝑊/𝑚2  and 

illuminance in term of kilo lux (k lx) will be state further in result and discussion. 

3.2.1c)      LED Grow Light 

 

Figure 3.11: Back Side View of LED Grow Light 
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Figure 3.12: Front side view of LED Grow Light 

 

Table 3.3: Specifications of LED Grow Light 

Figure 3.11 and Figure 3.12 shows the view sides of LED Grow Light for 

measurement in term of irradiance and lux. The main features of LED Grow Light is high 

efficiency of LED chips that has 96 pieces of LED quantity. The efficient light source of 

LED Grow Light will be improving plant growth and save on electricity costs. Other than 



 

22 

that, this LED give the super strong output more than 100k lx depend on the variety of 

height from 6 inch until 30 inch. Significantly to increase flower density deliver greater 

harvest weight. The highlight specifications of LED Grow Light suitable for all stages of 

plant growth like seedling, vegetative, flowering and harvest by referring Table 3.3. 

 

Table 3.4: The Expected Output Measurement of LED Grow Light 

This investigation about the specification LED Grow Light based on performance 

during later measurement under indoor condition. The measurement cover the parameter 

irradiance and lux of light source from Table 3.4. It’s also to analyse the solar irradiance 

and illuminance compare with another several light resources. The irradiance and lux of 

LED Grow Light will be measure dividing two concept which is AM 1.0 and AM 1.5. 
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3.3 Stage 2: Stabilizing 𝑻𝒄𝒆𝒍𝒍 temperature of 25° C 

3.3.1a)      𝑻𝒄𝒆𝒍𝒍 and 𝑻𝒂𝒎𝒃 Inside Solar Simulator  

 

Figure 3.13: The Schematic Diagram of 𝑇𝑐𝑒𝑙𝑙 and 𝑇𝑎𝑚𝑏 Temperature Measurement 

 The electrical connection 𝑇𝑐𝑒𝑙𝑙 measurement will show by Figure 3.13. From 240 

VAC that has the terminal live and neutral to connect series to LED Grow Light and DC 

power supply. Other than that, DC fan and peltier in the parallel connection to terminal 

positive and negative from DC power supply. 

 

Figure 3.14: The Circuit Connection before Measurement 

 

Figure 3.15: The Circuit Connection during Measurement 
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Figure 3.16: The Enclosed of 𝑇𝑐𝑒𝑙𝑙 and 𝑇𝑎𝑚𝑏 Temperature Measurement 

When the LED Grow Light, cooling system and time taken in ‘OFF’ condition, 

only the initial 𝑇𝑐𝑒𝑙𝑙 and 𝑇𝑎𝑚𝑏 temperature value that has collecting data before during 

measurement that show from Figure 3.14. During measurement of 𝑇𝑐𝑒𝑙𝑙 temperature, the 

LED Grow Light and DC power supply in condition of cooling system will be becoming 

‘ON’. Then, calibrated the DC power supply to find the best tune the voltage (Volt) and 

current (Ampere) to analyse time taken of  𝑇𝑐𝑒𝑙𝑙 reach and maintain 25° C with together 

start the time taken until 10 minutes of each measurement by referring Figure 3.15. The 

solar simulator need in enclosed condition, so as not to influence by external 

circumstances, Figure 3.16. At the end, the procedure will be show below of measurement 

𝑇𝑐𝑒𝑙𝑙 at 25° C that applied into solar simulator below. The step by step procedure of 𝑇𝑐𝑒𝑙𝑙 

temperature measurement at 25° C has been details in Figure 3.17 until Figure 3.22 by 

referring the flowchart of measurement.  

 

Figure 3.17: The Procedure 1 of Initial Condition 
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Figure 3.18: The Procedure 2 of LED Grow Light ‘ON’ 

 

Figure 3.19: The Procedure 3 of Setup DC Power Supply 

 

Figure 3.20: The Procedure 4 of Observation 𝑇𝑐𝑒𝑙𝑙 and 𝑇𝑎𝑚𝑏 Temperature Measurement 

 

 

Figure 3.21: The Procedure 5 of Time Taken during 10 minutes 
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Figure 3.22: The Procedure 6 of Data Analyse 𝑇𝑐𝑒𝑙𝑙 Reach and Maintain at 25° C 

 

Figure 3.23: The flowchart of 𝑇𝑐𝑒𝑙𝑙 measurement for reach and maintain at 25° C 

Before understanding the procedure of temperature measurement, the details of 

this flowchart is about mechanism in stabilizing the cell temperature, 𝑇𝑐𝑒𝑙𝑙 at 25° C even 

under high illumination have explain first. Stabilizing temperature of 25°C of flowchart 

has 2 part. The first one is the flowchart of procedure during measurement temperature 

will be showed above by through the Figure 3.23. For the second part A of flowchart to 

calibrate the best tune voltage and current DC power supply that affected 𝑇𝑐𝑒𝑙𝑙 for time 

taken reach and maintain at 25° C. This system use the instruments like multimeter for 

analyse the time taken of 𝑇𝑐𝑒𝑙𝑙 and 𝑇𝑎𝑚𝑏 reach and maintain 25° C, thermocouple cable 

for detected 𝑇𝑐𝑒𝑙𝑙 and 𝑇𝑎𝑚𝑏  temperature inside solar simulator Figure 3.17, time taken 

that from the phone application Figure 3.21 and DC power supply as a function to find 
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better tune voltage and current for  𝑇𝑐𝑒𝑙𝑙 temperature reach and maintain equal below 

(≤25° C), Figure 3.19 and Figure 3.20. 

3.4 Stage 3: Structure of Air Mass (AM) 

3.4.1a)      Air Mass (AM) at Outdoor Condition 

The Figure 3.24 show the location of Air Mass (AM) 1.0 and 1.5 that focusing to 

the sample. This structure maybe for build-up solar simulator if the STC requirement will 

be achieved. The both height of air mass (AM) 1.0 and 1.5 is 13cm from the calculation 

of Figure 3.25 below. The angle of air mass (AM) 1.0 is 90° (perpendicular) while for 

angle of air mass (AM) 1.5 in 48.2°. The both direction from (AM) 1.0 and 1.5 always 

will be focused to the sample such as solar cell (silicon-based) and DSSC’s sample.  

 

Figure 3.24: The Structure of Air Mass (AM) 1.0 and 1.5 

Other than that, the calculation from Figure 3.24 obtained to determine the 

specific dimensions of the hardware design and the suitable placement for an artificial 

sunlight. The calculation have consideration such as suitable size that not to large, the 

height of artificial sunlight or light source with solar cell, the light illuminance to the solar 

cell and the specific angle as required in STC which is 48.2°. 
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Figure 3.25: The Calculation of Structure Air Mass (AM) 1.0 and 1.5 

3.4.1b)      Air Mass (AM) 1.0 and 1.5 of Solar Simulator 

 

Figure 3.26: The Technical Concept AM 1.5 of Solar Simulator 

 

Figure 3.27: The Calculation of Technical Concept AM 1.5 by Solar Simulator Structure 
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Figure 3.25 shown about the technical concept Air Mass (AM) 1.5 of solar 

simulator. This concept to design by using software AutoCAD. There are have some 

elements to be prove the angle of Air Mass (AM) 1.0 and 1.5. The meaning of x element 

in term of angle Air Mass (AM) 1.0 and 1.5. Furthermore, the element of x represented 

by angle of Air Mass (AM) 1.0 in 48.2° while the element of 1.5x represented by angle 

of Air Mass (AM) 1.5 in 41.8° from trigonometry calculation that applied into solar 

simulator, Figure 3.26. During build up the solar simulator, the technical concept 

calculation of AM 1.0 and AM 1.5 also gives the important investigation between 

theoretically and technically concept to archive the Standard Test Condition (STC) 

requirements.  

 

 

 



 

30 

CHAPTER 4 

 

 

RESULT & DISCUSSION 

4.1 Introduction 

From the proper understanding of methodology, this chapter 4 will be discussing 

the result Standard Test Condition (STC) requirements for applied into solar simulator. 

The results of STC requirements such as the irradiance of 1000 𝑊/𝑚2 that related to 

illuminance of how much kilo lux (k lx) with comparing under sunlight and several light 

resources (Halogen lamp and LED Grow Light) performance for applied into solar 

simulator. The lamp selection also need to be decide the best choice to similarly with the 

solar irradiance and illuminance under sunlight performance. Other than that, the cell 

temperature of 25° C also gives the reaction the time taken to reach and maintain at 25° 

C and can know the equation between cell temperature, 𝑇𝑐𝑒𝑙𝑙 and 𝑇𝑎𝑚𝑏 during 10 minutes 

until sixth measurement. Moreover, Air Mass (AM) 1.0 and 1.5 that applied into solar 

simulator which is construct a structure based by using the variety of instruments. 

4.2 Stage 1: Comparison Solar Irradiance and Lux 

4.2.1a)       Under Sunlight 

This measurement solar irradiance and illuminance already done until four days 

means four repeated step. Furthermore, the measurement start from 26 December 2021, 

Sunday till 29 December 2021, Wednesday at the certain time in one day starting from 

9AM until 5PM of target measure, Table 4.1 until Table 4.4. After do the combination 

Graph Solar Irradiance vs. Lux which is justify the straight line or linear curve (y = mx + 

c) from Figure 4.5. As shown in table, the solar irradiance of 1000W/m2 equal to 1 sun. 

Also, solar irradiance of 1000W/m2 equal to 100K lx that will be included. 
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Table 4.1: Data Measurement of Day 1  

 

Table 4.2: Data Measurement of Day 2 
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Table 4.3: Data Measurement of Day 3 

 

Table 4.4: Data Measurement of Day 4 
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Figure 4.1: Measurement Data of Lux and Solar Irradiance for 26𝑡ℎDec. 2021 

 

Figure 4.2: Measurement Data of Lux and Solar Irradiance for 27𝑡ℎDec. 2021 

 

Figure 4.3: Measurement Data of Lux and Solar Irradiance for 28𝑡ℎDec. 2021 
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Figure 4.4: Measurement Data of Lux and Solar Irradiance for 29𝑡ℎDec. 2021 

After analyze data measurement of solar irradiance and lux at outdoor condition 

which means under sunlight, the observation on all four measurement gives 

approximately the same value for the irradiance and illuminance of lux parameters. For 

the Table 4.1 is shown 1000 𝑊/𝑚2 of irradiance equal to 147.4 k lx of illuminance on 

the Day 1 measurement while Table 4.2 shown the 1000 𝑊/𝑚2 of irradiance equal to 

145.4 k lx of illuminance on Day 2 measurement Then followed by a measurement on 

the Day 3 that gives 1000 𝑊/𝑚2 of irradiance equal to 140.6 k lx of illuminance, Table 

4.3 and the measurement for Day 4 in Table 4.4 is last measurement for investigation 

solar irradiance and lux under sunlight. The last measurement shown 1000 𝑊/𝑚2 of 

irradiance equal to 150.4 k lx of illuminance. 

 

Figure 4.5: Measurement Data Combination All Graph Solar Irradiance vs. Lux under 

Sunlight 
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A part from that, overall data of each measurement have convert into Graph Solar 

Irradiance vs. Lux. For analyzed overall graph Day 1 until Day 4, it’s shown in shape of 

linear graph. Hereby, an equation derivative has been issued by linear graph equation that 

is y=mx+c. The data measurement of graph Day 1 until Day 4 were combined into one 

graph by used the Excel to obtain the actual value between irradiance and lux for under 

sunlight, Figure 4.1 until Figure 4.4. Furthermore, the last justify by overall graph 

founded 1000 𝑊/𝑚2 of irradiance equal to (140-150) k lx o illuminance after analyzed 

the overall data measurement irradiance and lux, Figure 4.5. 

4.2.1b)       Halogen Lamp 

 

Table 4.5: Data Analysis of Halogen Lamp for Irradiance and Lux 

 

Figure 4.6: Measurement Data Irradiance vs. Lux of Halogen Lamp 
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 The both parameter which is irradiance and lux covered in around 200 until 1100 

for this expected value. After analyse data, the data irradiance and lux of Halogen lamp 

shown by Table 4.5. For this observation result, the performance of Halogen lamp in term 

of 1004 𝑊/𝑚2 of irradiance equal to 19.86k lx of illuminance, Figure 4.6. The irradiance 

of Halogen lamp has been archived to 1000 𝑊/𝑚2  while the lux of Halogen lamp 

showed the values that are too small to reach (140-150) k lx to equate with under sunlight. 

The lux of Halogen lamp that given the value is too far away from range under 

sunlight. Maybe because of specification the Halogen lamp which is affected in terms of 

designing surface lamp that radiated toward to the solar irradiance meter from silicon-

based and lux meter. For information, the spectrum of Halogen lamp also can gives the 

main reason that effected to wavelength, cause the illuminance of lux Halogen lamp hard 

to reach similarly under sunlight. Therefore, Halogen lamp provides a rapid heating in a 

very short duration less than 1 minutes of each during measurement, maybe it’s not 

suitable for measuring lux to reach (140-150) k lx similarly under sunlight. 

The investigation by using Halogen lamp can be related the different between 

small-scale and large-scale development of solar simulator. For this final year project to 

build up the solar simulator with means in small-scale development given the different 

with the large-scale of solar simulator industry because of used the advance technologies 

instruments and selection lamp.  

4.2.1c)       LED Grow Light 

 The measurement of LED Grow Light are have two part. The first part is 

measured the LED Grow Light with AM 1.0 without used the solar simulator. For second 

part, the LED Grow Light have measured with applied AM 1.5 concept by used a solar 

simulator. The Figure 4.7, Figure 4.8 and Figure 4.9 below shown the variety of height 

during measurement such as upper, middle and deeper position. This position gives the 

significant value of solar irradiance.  

During upper position shown the maximum and minimum irradiance of 427 

𝑊/𝑚2 and 165 𝑊/𝑚2 that equal to 57.27 k lx of illuminance, Figure 4.7. Other than 

that, Figure 4.8 show result 712 𝑊/𝑚2  of maximum irradiance and 216 𝑊/𝑚2 of 

minimum irradiance equal to 130.9 k lx of illuminance in the middle position 
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measurement of LED Grow Light. After that, the deeper position given the 766 𝑊/𝑚2 

of maximum irradiance and 473 𝑊/𝑚2 of minimum irradiance by equal 137.3 k lx of 

illuminance, Figure 4.9. In addition, the data analyse irradiance and lux of LED Grow 

Light converted into Graph Irradiance vs. Lux after measurement, Figure 4.13. From that, 

Table 4.6 are shown the output irradiance and lux of LED Grow Light that generated the 

linear graph in y=mx+c equation based Graph Irradiance vs. Lux. 

 

Figure 4.7: Upper Position Measurement of LED Grow Light 

 

Figure 4.8: Middle Position Measurement of LED Grow Light 
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Figure 4.9: Deeper Position Measurement of LED Grow Light 

 

Figure 4.10: Before the Lux Measurement of AM 1.5 

 

Figure 4.11: During the Lux Measurement of AM 1.5 
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Figure 4.12: During the Lux Measurement of AM 1.0 

 

Table 4.6: The Data Analysis of LED Grow Light for Irradiance and Lux 
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Figure 4.13: Measurement Data Solar Irradiance vs. Lux of LED Grow Light 

In term of variety of height, the irradiance of LED Grow Light shown the fluctuate 

value which is maximum irradiance, 𝐺𝑚𝑎𝑥  and minimum irradiance, 𝐺𝑚𝑖𝑛   but the 

illuminace of lux will reached until 170.3 k lx that over with lux under sunlight in (140-

150) k lx, Table 4.6. This is because of wavelength caused from lamp’s factor spectrum 

from 96 pieces of microchip LED Grow Light that not unmeasurable in term of irradiance 

value. 

Furthermore, the best effective procedure during measured solar irradiance of 

LED Grow Light because fluctuate of irradiance have founded. The new procedure in 

measured irradiance of LED Grow Light which is only measured the illuminance of lux 

in concept AM 1.0 and AM 1.5 of solar simulator. After measured the lux of LED Grow 

Light, the observation that got the lux in AM 1.0 equal to 185.7 k lx, Figure 4.10 while 

the illuminance of lux in AM 1.5 solar simulator is equal 142.4 k lx during LED Grow 

Light ‘ON’, Figure 4.11. Next procedure, applied the 185.7 k lx of Figure 43 and 142.4 

k lx of Figure 4.12 to linear graph equation, Figure 4.13. The irradiance of 1006.5311 

𝑊/𝑚2 equal to 185.7 k lx in AM 1.0, while the irradiance of 765.3322 𝑊/𝑚2 equal to 

142.4 k lx of solar simulator in AM 1.5 for final procedure of measurement performance 

of LED Grow Light, Figure 4.13. 
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4.3 Stage 2: Stabilizing 𝑻𝒄𝒆𝒍𝒍 Temperature of 25° C 

4.3.1a)      𝑻𝒄𝒆𝒍𝒍 and 𝑻𝒂𝒎𝒃 Inside Solar Simulator 

 

Table 4.7: The 1𝑠𝑡 and 2𝑛𝑑  Measurement of 𝑇𝑐𝑒𝑙𝑙 Temperature Stabilizing 25° C 

 

Table 4.8: The 3𝑟𝑑 and 4𝑡ℎ Measurement of 𝑇𝑐𝑒𝑙𝑙 Temperature Stabilizing 25° C 
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Table 4.9: The 5𝑡ℎ and 6𝑡ℎ Measurement of 𝑇𝑐𝑒𝑙𝑙 Temperature Stabilizing 25° C 

The investigation of 𝑇𝑐𝑒𝑙𝑙 temperature is about how long the time taken to reach 

and maintain in term of stabilized temperature at 25° C. For the stabilized the temperature 

were proposed a mechanism which is cooling system that already connect to LED Grow 

Light, DC power supply, peltier, DC fan, thermocouple, multimeter and circuit breaker 

(CB). 

The 𝑇𝑐𝑒𝑙𝑙 temperature at 25° C of solar simulator take time until 10 minutes of 

each measurement. During 10 minutes of Measurement 1 and Measurement 2, only (2-6) 

minutes to reach at 25° C of 𝑇𝑐𝑒𝑙𝑙 temperature and 𝑇𝑐𝑒𝑙𝑙 temperature also keep maintain 

(4-8) minutes from the data analysis, Table 4.7. Otherwise, continue for analyse the 𝑇𝑐𝑒𝑙𝑙 

temperature of Measurement 3 and Measurement 4. During this measurement, time taken 

𝑇𝑐𝑒𝑙𝑙 around (2-4) minutes to reach 25° C and will keep going maintain around (3-6) 

minutes at 25° C, Table 4.8. For the second last data analyse of measurement 5 and 

measurement 6, the time taken for 𝑇𝑐𝑒𝑙𝑙 temperature around 3 minutes to reach 25° C and 

𝑇𝑐𝑒𝑙𝑙  temperature will be constant around 4 minutes at 25° C, Table 4.9. In addition, 

measurement 5 and measurement 6 are effective measurements of 𝑇𝑐𝑒𝑙𝑙 to achieve and 

maintain at 25° C in (6.51-6.52) Volt and (1.24-1.27) Amp which is the best tune from 

calibrated DC power supply, Table 4.9. When cell temperature, 𝑇𝑐𝑒𝑙𝑙 at 25° so, ambient 

temperature 𝑇𝑎𝑚𝑏 also analyze the value at 38° C that already found the relationship 
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between 𝑇𝑐𝑒𝑙𝑙 and 𝑇𝑎𝑚𝑏 temperature By the way, the real effective measurement of 𝑇𝑐𝑒𝑙𝑙 

≤ 1 minute to archived and maintain at 25° C in solar simulator industry by using halogen 

lamp. 

4.4 Stage 3: Air Mass (AM) 1.5 

4.4.1a)      Air Mass (AM) 1.5 of Solar Simulator 

 

Figure 4.14: The Angle 41.8° of AM 1.5 

 

Figure 4.15: The Measurement of Height Peltier’s Casing 
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Figure 4.16: Double Check the Angle of AM 1.5 by Used Protector 

 

Figure 4.17: Sketch the Angle of AM 1.0 and AM 1.5 at the Left Side Solar Simulator 

 Build up the solar simulator progress by applied a technical concept of Air Mass 

(AM) 1.5 which is used the trigonometry calculation to find the accurate angle of 41.8° 

matched in term of AM 1.5 between theoretically and technically.  The angle 41.8° of 

AM 1.5 solar simulator as shown from Figure 4.14. However, the height of the peltier 

casing should be taken deeply during the measurement of AM 1.5 solar simulator to avoid 

any angular distortion and obtained an angle 41.8° of AM 1.5 included to STC 

requirements. Other than that, the height of peltier casing is 4 cm and the height of 

location peltier or sample radiated from LED Grow Light is 2cm, Figure 4.15. The angel 

of AM 1.5 has done double check by used the instrument like protector, Figure 4.16. 
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After that, sketched the angle of AM 1.5 which means 48.2° and AM 1.5 which means 

41.8° at the left side board, Figure 4.17. 

The AM 1.5 at outdoor condition can we apply to solar simulator and related 

between theoretically concept and technical concept. In this research, the effective 

solution that knowing the angle of AM 1.0 (48.2°) and AM 1.5 (41.8°) by using calibrated 

solar cell. This instrument can find the best angle of Air Mass (AM 1.5) easily during 

build up the solar simulator even small and large scale. However, this instrument also 

very extremely costing in scope budget.     
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CHAPTER 5 

 

 

CONCLUSION & RECOMMANDATION 

5.1 Conclusion 

Based on the results and analysis, the value of irradiance under sunlight, halogen 

lamp and LED Grow Light give the different output value of irradiance that will be equal 

how much lux. This is because of the nature factor for measurement at outdoor condition. 

The right lamp selection is plays an important roles too by through the specification lamps 

(LED, halogen and xenon) for applying to solar simulator. The irradiance 1000 𝑊/𝑚2 

under sunlight = (140-150) k lx but the irradiance solar simulator cannot arrived to 1000 

𝑊/𝑚2  because of the specification of LED. The LED Grow Light only reach 810.2 

𝑊/𝑚2 = 142.4k lx at AM 1.5. It’s not a problem that irradiance solar simulator is not 

archived but, can know the real irradiance on the solar simulator based on the design that 

has been made. Maybe to archived 1000 𝑊/𝑚2  irradiance must build up the proper 

development solar simulator (extra instruments and budget) for the next research. 

At the outdoor condition, the measurement 𝑇𝑐𝑒𝑙𝑙 of 25° C suitable for countries 

that has four (4) seasons. For solar simulator, the investigation is about how fast reaction 

𝑇𝑐𝑒𝑙𝑙 temperature to archived and maintain ≤ 25° C by setup voltage and current. The 

(6.51-6.52)V and (1.24-1.27)A is the best tune for 𝑇𝑐𝑒𝑙𝑙  measurement that will be 3 

minutes to reach 25° C and 4 minutes to maintain at 25° C. The time taken 𝑇𝑐𝑒𝑙𝑙 for 

reached and maintain 25° C influenced by calibrated from DC power supply. Other than 

that, 𝑇𝑎𝑚𝑏>𝑇𝑐𝑒𝑙𝑙 for 10 minutes measurement of cell temperature. The best tune voltage 

and current that calibrated from DC power supply over time of 𝑇𝑐𝑒𝑙𝑙 and𝑇𝑎𝑚𝑏  has done 

mention and analyze for reference in the next generation 

The AM 1.5 at outdoor condition can applied to solar simulator and related 

between theoretically concept and technical concept. In this research, the effective 
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solution that knowing the angle of AM 1.0 (48.2°) and AM 1.5 (41.8°) by using calibrated 

solar cell. This instrument can find the best angle of Air Mass (AM 1.5) easily during 

build up the solar simulator even small and large-scale. However, this instrument also 

very extremely costing in scope budget. The theoretical and technical concept of Air 

Mass 1.0 and 1.5 have done archived that apply for small-scale development of solar 

simulator. 

For solar simulator industry, the specifications instruments and advance 

technology were used the extremely high (costly) to build up a solar simulator that have 

power source, light source, filters, lens and work surface. Other than that, the time taken 

of cell temperature 𝑇𝑐𝑒𝑙𝑙 measurement which is below 1 second. This is because the solar 

simulator industry use the advanced specification of light source such as Halogen, Xenon 

and LED lamp. By used the Halogen and Xenon lamp, so the measurement is very short 

below 1 second because of produce hot early compare with LED. The flash light shoot to 

the DSSC’s sample not more than 1 minute. By refer in the performance aspect, this 

Halogen and Xenon lamp produce heat that can will be affected to the time taken shortly 

measurement to avoid the risk of DSSC’ sample degradation. 

5.2 Recommendation 

The objective of this project has been accomplished. For the continuation of this 

research, the light source from Halogen, Xenon and LED need to do more analysis and 

discussion resources to archive the Standard Test Condition (STC) requirement. There 

are many specifications need to be considered such as the full spectrum of the light source 

that include the wavelength and light energy output similarly under sunlight. The 

wavelength of Halogen lamp and LED Grow Light given the different spectrum affected 

the overall irradiance value during measurement that applied for small-scale development 

of solar simulator.  

Other than that, need the proper mechanism during establishing the cell 

temperature, 𝑇𝑐𝑒𝑙𝑙 at 25° C by applied the car air-conditioning concept even under high 

illuminance condition. For the future research of solar simulator, the advanced 

instruments need to be hiring because of stabilizing the tcell measurement for proper 

cooling system and the time taken for measurement shortly below 1 minute that reach 

and maintain until 25° C.
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APPENDIX A 

GANTT CHART 

 

Table 1: Gantt Chart of Final Year Project (FYP) 1 

 

Table 2: Gantt Chart of Final Year Project (FYP) 2 
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APPENDIX B 

SUMMARIZATION OF LITERATURE REVIEW 

 

Table 4: Literature Review of Part 1 

 

Table 5: Literature Review of Part 2 
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Table 6: Literature Review of Part 3 
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APPENDIX C 

THE PLATFORM OF SOLAR SIMULATOR 

 

Figure 1: Front Side View of Solar Simulator 

 

Figure 2: Left Side View of Solar Simulator 
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Figure 3: Right Side View of Solar Simulator 

 

Figure 4: Back Side View of Solar Simulator 
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Figure 5: Front Side View of Solar Simulator 

 

Figure 6: Inside View of Solar Simulator 
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Figure 7: The Angle of 0° Front Board Solar Simulator 

 

Figure 8: The Angle of 90° Front Board Solar Simulator 
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Figure 9: The Angle of 180° Front Board Solar Simulator 

 

Figure 10: The Angle of 225° Front Board Solar Simulator 
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APPENDIX D 

COOLING SYSTEM 

 

Table 7: The 1𝑠𝑡 and 2𝑛𝑑 Measurement of 𝑇𝑎𝑚𝑏 Temperature  

 

Table 8: The 3𝑟𝑑 and 4𝑡ℎ Measurement of 𝑇𝑎𝑚𝑏 Temperature  

Voltage 

(V)

Current 

(A)

˗ ˗

2.71 0.49

2.71 0.49

2.79 0.51

5.02 1.03

5.02 1.03

˗ ˗

5.03 1.07

4.91 0.99

4.91 0.99

4.89 0.99

4.89 0.99

5.01 1.01

5.54 1.13

5.65 1.16

5.82 1.19

5.92 1.22

6.23 1.28

6.24 1.28

6.23 1.27

6.23 1.27

6.23 1.27

DC Power Supply

Time Taken (min)

12

13

14

1

20

3

2

4

5

2

3

4

5

1

0

28

25

23

OFF 32

Measurement LED Growth Light Ambient Temperature (°C)

24

25

26

26

27

36OFF

ON

25

26
1

ON
2

1525

6

7

8

9

10

11

26

25

25

25

25

25

27

26

26

˗ ˗

6.23 1.32

6.23 1.31

6.23 1.29

6.23 1.29

6.23 1.29

6.23 1.29

6.24 1.28

6.24 1.29

6.24 1.28

6.24 1.28

6.23 1.28

6.24 1.28

6.24 1.28

6.23 1.28

6.23 1.28

˗ ˗

6.56 1.38

6.56 1.37

6.56 1.36

6.56 1.36

6.56 1.36

7.13 1.49

7.13 1.49

7.56 1.59

6.56 1.36

6.05 1.22

6.06 1.24

6.06 1.24

6.06 1.24

6.06 1.24

6.06 1.24

3

13

14

15

ON

7

8

9

10

11

12

24

20

1

2

3

24

24

21

22

22

23

23

23

OFF 38

19

20

4

5

6

OFF

24

24

24

24

11

12

13

14

15

24

24

ON

0

10

1

2

3

4

5

6

7

8

9

4

22

23

24

24

24

22

22

21

21

22

39

20

20

21
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Table 9: The 5𝑡ℎ Measurement of 𝑇𝑎𝑚𝑏 Temperature  

 

Table 10: The 6𝑡ℎ and 7𝑡ℎ Measurement of 𝑇𝑎𝑚𝑏 Temperature  

˗ ˗

1.71 0.32

5.02 1.08

2.52 0.46

5.04 1.07

5.04 1.07

5.04 1.07

5.04 1.05

5.04 1.05

5.04 1.05

5.04 1.05

5.04 1.05

5.04 1.05

5.04 1.05

6.11 1.27

5.04 1.04

26 1

21 2

27 3

5

OFF 32 0

ON

24 7

24 8

25 9

24 4

23 5

23 6

26 13

25 14

26 15

25 10

25 11

25 12

˗ ˗

5.56 1.17

5.56 1.17

5.56 1.17

5.56 1.17

5.56 1.17

5.56 1.17

5.56 1.17

6.01 1.26

5.54 1.15

5.54 1.15

5.54 1.15

5.54 1.15

5.54 1.15

5.54 1.15

5.54 1.15

˗ ˗

5.52 1.16

5.52 1.16

5.52 1.14

5.52 1.14

5.52 1.14

5.52 1.14

5.52 1.14

5.52 1.14

5.52 1.14

5.52 1.14

5.52 1.14

5.52 1.14

5.52 1.14

5.52 1.14

5.52 1.14

6

OFF 36 20

ON

23 1

23 2

24

24 7

24 8

25 9

3

24 4

24 5

24 6

25 13

25 14

25 15

25 10

25 11

25 12

7

OFF 36 20

ON

20 1

21 2

22

24 7

24 8

24 9

3

22 4

23 5

24 6

25 13

25 14

25 15

24 10

25 11

25 12
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Table 11: The 8𝑡ℎ Measurement of 𝑇𝑎𝑚𝑏 Temperature 

 

Table 12: The 9𝑡ℎ and 10𝑡ℎ Measurement of 𝑇𝑎𝑚𝑏 Temperature  

˗ ˗

6.25 1.38

6.25 1.38

6.25 1.39

6.25 1.35

6.25 1.34

6 1.27

6 1.27

6 1.27

6 1.27

6 1.27

6 1.27

Invalid Invalid

Invalid Invalid

Invalid Invalid

Invalid Invalid

20 11

19 7

20

17 15

8

OFF 26 0

ON

15 1

16 2

17 12

17 13

17 14

20 9

20 10

19 6

8

16 3

17 4

18 5

˗ ˗

5.55 1.21

5.55 1.21

5.55 1.2

5.55 1.19

5.02 1.05

5.02 1.05

5.02 1.05

5.02 1.05

4.5 0.93

4.5 0.93

4.04 0.83

4.04 0.83

4.04 0.83

4.04 0.83

4.04 0.83

˗ ˗

4.03 0.86

4.03 0.85

4.04 0.84

4.04 0.83

4.04 0.83

4.04 0.83

4.04 0.82

4.04 0.82

4.04 0.82

4.04 0.82

4.04 0.82

4.04 0.82

4.04 0.82

4.04 0.82

4.04 0.8225 15

25 13

25 14

3

20 4

21 5

25 15

21 9

22 10

7

20

25 12

24 9

24 10

24 11

22 6

23 7

23 8

2

19

10

OFF 29 20

ON

17 1

18

24 12

25 13

25 14

9

OFF

ON

23 11

8

2

16 3

16 4

18 5

30 20

14 1

15

19 6

20



 

64 

 

Table 13: The 11𝑡ℎ Measurement of 𝑇𝑎𝑚𝑏 Temperature  

 

Table 14: The 12𝑡ℎ and 13𝑡ℎ Measurement of 𝑇𝑎𝑚𝑏 Temperature  

˗ ˗

2.56 0.47

2.99 0.6

3.54 0.71

3.54 0.71

3.54 0.71

3.54 0.71

3.54 0.71

4.05 0.82

4.07 0.82

4.07 0.82

4.07 0.82

4.07 0.82

4.07 0.82

4.07 0.81

4.07 0.81

14

26 15

25 12

25 13

6

26 7

25 8

25 9

3

25 4

25 5

10

25 11

31 0

ON

25 1

2

26

26

25

25

25

11

OFF

˗ ˗

3.57 0.73

3.57 0.73

3.58 0.73

3.58 0.73

3.58 0.73

4.09 0.83

4.09 0.83

4.04 0.82

4.04 0.82

4.04 0.82

4.04 0.82

4 0.8

4.04 0.81

4.58 0.93

4.58 0.93

˗ ˗

2.56 0.47

3.57 0.73

3.57 0.73

3.57 0.72

3.57 0.72

4.1 0.82

4.1 0.82

4.1 0.82

4.1 0.82

4.57 0.93

4.57 0.93

4.57 0.93

4.5 0.91

4.25 0.86

4.25 0.86

25 14

26 15

24 11

25 12

25 13

24 15

25 8

25 9

25 10

26 5

25 6

25 7
13

OFF 33 20

ON

27

26 11

26 12

26 13

12

OFF

ON

1

25 2

25 3

26 4

25 14

25 8

25 9

25 10

25 5

25 6

25 7

23 2

24 3

25 4

33 20

22 1
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Table 15: The 1𝑠𝑡 , 2𝑛𝑑  and 3𝑟𝑑 Measurement of 𝑇𝑐𝑒𝑙𝑙 Temperature  

 

Voltage 

(V)

Current 

(A)

˗ ˗

3.56 0.7

3.12 0.6

3.11 0.6

3.11 0.6

3.54 0.68

˗ ˗

3.12 0.62

3.12 0.62

3.12 0.63

3.43 0.71

3.44 0.71

˗ ˗

3.32 0.64

3.32 0.64

4.11 0.83

4.11 0.83

4.11 0.83

25 4

26 5

25 3

4

2

20

1

2

DC Power Supply

Time Taken (min)

1

20

2

1

3

4

5

0

25 5

25 3

24

30

24

25

26

1

ON
2

ON
3

Measurement LED Growth Light Cell Temperature (°C)

25

22

OFF

OFF 27

ON

OFF

26

25

31

25

26
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Table 16: The 4𝑡ℎ, 5𝑡ℎ and 6𝑡ℎ Measurement of 𝑇𝑐𝑒𝑙𝑙 Temperature  

 

˗ ˗

3.12 0.58

3.12 0.58

3.67 0.68

3.67 0.68

4.58 0.83

4.58 0.83

4.58 0.83

5.01 0.95

5.01 0.95

5.01 0.93

5.01 0.93

5.01 0.93

5.01 0.93

5.01 0.93

5.01 0.93

˗ ˗

5.02 1.02

5.02 1.02

5.02 1.02

5.02 1.02

5.02 1.03

5.02 1.01

5.02 1.01

5.55 1.12

5.55 1.12

5.6 1.13

6.04 1.23

6.04 1.24

6.04 1.24

6.04 1.24

6.04 1.24

˗ ˗

5.09 1.05

5.09 1.05

5.1 1.04

5.1 1.04

5.1 1.04

5.1 1.04

5.1 1.04

5.1 1.04

6.04 1.25

6.04 1.25

6.04 1.25

5.52 1.12

5.52 1.12

5.52 1.12

5.52 1.12

25 14

25 15

24 12

25 13

5

25 10

26 11

25 8

25 9

6

OFF

23 2

24 3

30 20

ON

23 1

25 6

25 7

24 4

25

26 6

25 14

25 15

25 12

25 13

26

25 11

25 12

24 15

26 4

25 9

25

5

OFF

26 7

25 4

25 5

10

25 11

26 8

25

24 2

25 3

29 20

9

ON

23 1

10

26 7

25 8ON

25 1

26 2

4

OFF 29 0

26 5

25 6

26 3

25 14

25 13


