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ABSTRAK

Disebabkan kos pengeluarannya yang rendah, Sel Suria Pemeka Pewarna (DSSC) telah
mencetuskan banyak perhatian. Banyak kajian telah dijalankan untuk menambah baik
ciri dan strukturnya untuk kecekapan optimum dan faktor isian. Dalam kertas kerja ini,
10 sampel pewarna klorofil, daun Semambu, daun Aprikot, daun Betik, daun Pawpaw,
daun Selasi Besar, Bayam, daun Jenjuang, daun Seri Pagi, daun Jarak Pagar dan daun
Chinar digunakan untuk mencari ketumpatan arus-voltan (J-V) yang tertinggi dengan
menggunakan perisian Model Peranti Fotovoltaik Tujuan Am (GPVDM). Jenis pewarna
klorofil yang berbeza mempunyai parameter tersendiri di mana ia menghasilkan keluaran
J-V yang berbeza. Bagi mencari parameter utama yang boleh menghasilkan J-V tertinggi,
GPVDM digunakan dengan mensimulasikan semua sampel pewarna klorofil. Dalam
GPVDM, terdapat dua data kritikal yang diperlukan sebelum memasukkan bahan
pewarna; data penyerapan dan data indeks biasan bahan. Simulasi elektrik telah dibuat
dengan menggunakan GPVDM yang menggunakan saiz kawasan aktif DSSC yang
berbeza dengan merujuk kepada kertas penyelidikan sebelum ini. Pewarna Bayam
menghasilkan simulasi J-V tertinggi berbanding sampel lain dengan 1.6 mA/cm?.
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ABSTRACT

Due to its low cost of production, the dye-sensitized solar cell (DSSC) has sparked a lot
of attention. Many studies have been conducted to improve its features and structure for
optimal efficiency and fill factor. In this paper, 10 samples of chlorophyll dye, Neem
leaves, Apricot leaves, Papaya leaves, Pawpaw leaves, Scent leaves, Spinach, Ti plant
leaves, Morning Glory leaves, Jatropha Curcas leaves and Chinar leaves are used in order
to find the highest current density-voltage (J-V) by using General-purpose Photovoltaic
General-purpose Photovoltaic Device Model (GPVDM) software. Different types of
chlorophyll dye have their own parameters where they produce different output of J-V.
In order to finding the main parameter that can produce the highest J-V, GPVDM is used
by simulate all samples chlorophyll dye. In GPVDM, there are two main critical data are
needed before inserting the dye material; absorbance data and refractive index data of the
material. The electrical simulation has been made by using GPVDM which are using the
different size of active area DSSC by referring to the previous research paper. Spinach
dye is producing the highest simulated J-V compared to the other samples with 1.6
mA/cm?.
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CHAPTER 1

INTRODUCTION

1.1 Project Background

Dye-Sensitized Solar Cell (DSSC) is the third-generation solar cell that
manipulates the concept of plant’s photosynthesis in order to harvest the energy from the
sunlight in whatever condition though during the low irradiance or light intensity.
Chlorophyll, which can be extracted from majority of green plants, is one of the important
substances in absorbing the light for energy harvesting. Chlorophyll, being the most
abundant pigment that commonly found in plants, bacteria, and algae, plays a vital role
in photosynthesis. Chlorophylls are natural pigments and therefore safe, environmentally
friendly, easily available and cheap. A DSSC basically comprises a semiconductor that
has been soaked in sensitizing dye which for this project is chlorophyll, a counter
electrode, and an electrolyte containing a redox mediator. The dye absorbs light, which

is transformed into electricity.
1.2 Problem Statement

In real fabrication of DSSC, it is very difficult to have an identical output current-
voltage characteristics though the same badge of plants or fruits as dyes are used.
Different types of chlorophyll dye have their own parameter where it produces different
output of current density-voltage (J-V). Therefore, it is necessary to use simulation

platform to drive the current density to it high value, ideally.
1.3 Objective
The aim of this project is:

1) To analyse the effect of variation parameter in chlorophyll layer toward DSSC

performance.



2) To characterize a high current density-voltage (J-V) of chlorophyll-based
DSSC.

3) To identify the photovoltaic software that can run the simulation of chlorophyll
based DSSC.

1.4  Scope of Study
Scope of study are:

1) Modelling and simulation of DSSC with varying the parameter of chlorophyll

layer.

2) To do the simulation and observe the DSSC performance by referring J-V

curve.
1.5 Relevancy

This paper wants to verify the General-purpose Photovoltaic Device Model
(GPVDM) software ability in simulating the high-current density of chlorophyll-dye
based of DSSC. If this software can accurately analyse the high-current density of
chlorophyll-dye based of DSSC as close as the previous experimental research value,

thus this software proven reliable.
1.6 Feasibility

The feasibility of this project is to complete the project within the allocated time

frame, while maintaining the consistency of this project.
During this semester (FYP 2), the scope and task that will be covered are:
1) Running the simulation for all samples of chlorophyll dye.

2) Analyse the parameter of chlorophyll dye in producing higher J-V.



CHAPTER 2

LITERATURE REVIEW

2.1 Solar Cell Generation
2.1.1 First Generation

The first generation solar cell is a silicon-based solar cell [1], due to its high
efficiency, continues to dominate the solar panel market. Due to its high endurance level
compared to other types of solar cells, this type of solar cell accounts for 86% of the solar
market. However, producing silicon-based solar cells is quite expensive, and they lose
some of their effectiveness when exposed to high temperatures, such as on a hot sunny

day.

Monocrystalline solar cells, polycrystalline solar cells, amorphous silicon solar
cells, and hybrid silicon solar cells are the four forms of silicon now employed in solar

panel manufacturing.
2.1.2 Second Generation

In comparison to the first generation, second generation solar cells are thin film
based and have a lower production cost. It does, however, have poorer efficiency.
Amorphous silicon, cadmium telluride (CdTe), and copper indium gallium diselenide
(CIGS) are the three kinds of this generation [1]. Non-silicon materials include CdTe and
CIGS. Second-generation solar cells require less support for installing panels on rooftops,
allowing for reduced cost per watt, reduced bulk, and the ability to roll the panel out onto

a roof or other surface.



2.1.3 Third Generation

Third-generation solar cells vary from earlier generations in that they may be
composed of a variety of materials other than silicon. The p-n junction was not used to
segregate photogenerated charge carriers in this generation. Polymer solar cells,
nanocrystalline solar cells, and dye-sensitized solar cells are among the prospective solar
breakthroughs covered [1]. In this paper, I study the performance of DSSC by analysing
J-V curve in various type of chlorophyll-based dye.

2.2 Dye-Sensitized Solar Cell (DSSC)

Nowadays, silicon-based solar cells are commonly employed, with an efficiency
of around 25% . However, one of the disadvantages is the high manufacturing cost, which
is more than that of fossil fuels and also difficult to construct. Michael Gritzel and Brian
O'Regan of the Ecole Polytechnique Fédérale de Lausanne invented DSSC in 1991 [2].
DSSC is an electrochemical device that uses light-absorbing dye molecules adsorbed on
semiconductor particles to produce power from sunshine. DSSC consists of mesoporous
nanocrystalline semiconductors such as TiO2, ZnO, and SnO2 photoanodes anchored
with dye molecules that serve as light harvesters fabricated on Transparent Conducting
Oxide (TCO), a platinum (Pt) counter electrode, and an electrolyte solution with
dissolved iodide ion/tri-iodide ion redox couples between electrodes [3]. Dye sensitizers
operate as light absorbers, then use the energy from the light to trigger a vectorial electron

transfer process.

This equation may be used to express the solar cell's conversion efficiency (n)

[3]:

n = FF x I, x %/, 10

in
Where FF stands for fill factor, I¢. stands for short circuit current, V. is for open
circuit voltage, and P;,, is for incident power. This equation illustrates that these four
factors must be modified in order to increase conversion efficiency. The sheet resistance
of TCO, the resistance of ionic diffusion in the electrolyte, and the resistance at the
interface between the counter electrode (CE) and the electrolyte make up the series

resistance in DSSCs.



Because of their low production costs, DSSCs have the potential to be more cost
effective than traditional solar cells. Cheap printing materials and easy manufacturing
procedures are responsible for the low production costs. However, in addition to its
shorter operational lifetime, the key concern that has been researched over the past ten
years is the lower efficiency of power conversion. For the time being, some sources claim
that DSSC efficiency has risen to 14%, while others claim it can achieve until 20% [4].
However, due to a lack of knowledge of the DSSC mechanism's behaviour, we were only
able to obtain efficiency levels of above 14% on a few occasions. The current focus is on
identifying all aspects that can result in increased energy conversion, cheaper costs, and

a longer working lifetime.
2.2.1 Basic Structure

Transparent conductive oxide (TCO) layer, photoelectrode film (PE film) layer,
electrolyte, and counter electrode (CE) layer makes up a typical DSSC. TCO is covered
with a transparent and electrically conductive glass or plastic. A photoelectrode is a
nanophorous sheet made up of linked titanium dioxide (TiO2) particles that are dyed.
These dye molecules absorb light from the sun, and TiO2 plays a crucial role in ensuring
that dye molecules are in direct contact with both TiO> and the electrolyte by acting as
an electron acceptor and an electrical conductor [5]. The counter electrode layer is similar
to the TCO layer, but it is covered with platinum catalyst particles. The structure of DSSC

is depicted in Figure 1.

|
TCO—
Light
Dye — I
Glass —
Nanocrystalline Electrolyte Counter
TiO, electrode
Figure 1 Basic Structure of DSSC

Source: Internet



2.3 Solar Cell Simulators

In this part, a comparative analysis of the previously stated solar cell simulators
was carried out, taking into consideration the development techniques, employed
programming languages, semiconductor models, and essential features from the

beginning to the most recent edition.
2.3.1 SCAPS

SCAPS is also a popular 1D simulation tool for CIGS solar cells. Marc Burgelman
et al. created this tool at the University of Gent in 1996 [6]. This simulator was created
by combining the Gummel technique with the Newton Raphson approach for CIGS and
CdTe solar cells. This programme has been shown to be particularly successful for
Crystalline Silicon (c-S1), Gallium Arsenide (GaAs), Hydrogenated Amorphous Silicon

(a-Si:H) cell, and micromorphous Si solar cells to date [6].
2.3.2 SETFOS

SETFOS simulator is a commercially available package for organic thin-film
solar cell and Organic Light-Emitting Diode (OLED) applications. It is a very strong
simulation tool created by Fluxim AG's Professor Dr. Beat Ruhstaller [7]. SETFOS
incorporates four separate modules to model light emission, absorption, scattering, and
charge transport properties [7]. This simulator has been identified as a viable tool for
optimising the structure of organic solar cell devices. As a result, the software's
dependability, speed, and flexibility make it suitable for perovskite, quantum dot, and

similar organic solar cells.
2.3.3 General-purpose Photovoltaic Device Model (GPYDM)

General-purpose Photovoltaic Device Model (GPVDM) is another organic thin-
film solar cell modelling programme created in 2011 by Roderick C. I. MacKenzie at
Imperial College London [8]. Furthermore, this programme can mimic the performance
of organic Light-Emitting Diode (LED), Organic Field-Effect Transistor (OFET), optical
filters, and so on. It is a cross-platform programme that includes both electrical and

optical models for producing accurate solar cell simulations [8]. This simulator's cross-



platform nature makes it an ideal tool for investigating the influence of optoelectronic

characteristics.
2.3.4 ATLAS

The majority of the simulators described above are designed to simulate 1D solar
cells. ATLAS, on the other hand, is an excellent simulator designed for analysing the
optoelectronic behaviour of 2D and 3D semiconductor devices. Silvaco Atlas created this
simulator, which is used to simulate several types of single junction solar cells [9]. It also
has the capability of imitating the performance of tandem cells. The optoelectronic
characteristics of organic cells may also be simulated using this technology. However,
this simulator can simulate the performance of textured cells, CIGS cells, 3D coaxial
cells, Metal-Insulator-Semiconductor (MIS) cells, and even light detectors and image

sensors [9].
24 Selected Solar Cell Simulator

The solar cell simulators described above are well-established and regularly used
for doing simulation work on many types of solar cells. After researching all of these type
simulators, General-purpose Photovoltaic Device Model (GPVDM) simulator is selected
as a simulation software for this study. In order to simulate the DSSC type solar cell, the
software that can simulate the 2D/3D type simulation is needed, so that the structure of
the DSSC can be manipulated during the simulation. There are three type of solar cell
simulator that can simulate the 2D/3D type simulation which is SETFOS, GPVDM and
ATLAS. Another reason that GPVDM is used for this study, because it is an open-source
software while the other two are not. Figure 2.2 shows the interface of the GPVDM and

Figure 2.3 shows the type of solar cell that can be simulate using this software.
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3.2 Electrical Simulation

By computing the electrical field and integrating the absorbed photon distribution
throughout the solar spectrum, the transfer matrix approach is utilised to calculate the
exciton production rate G (x) inside the active layer. The refractive index n(4) and the
extinction coefficient k(4) indicate the optical qualities of each layer. The refractive
index is used to calculate the amount of reflected and transmitted light at each interface
between two adjacent layers, whereas the extinction coefficient represents a layer's
capacity to absorb photons. The following equations indicate the rate of exciton

formation.

Q(x,ﬂ.) = %CEUQ'H'E(X)'Z 3.1
6o ) =224 32

hc
33

G(A) :f G(x,A)dA
Solar Spectrum

. . Amk . . - .
where c is the speed of light, a = % is the absorption coefficient, Q is the

energy flow dissipation, E is the electrical field at point x within the material, and h is

the plank's constant

For electron and hole currents given by 3.2 to 3.6, the programme employs

Poisson's equation, continuity equation, and drift-diffusion equations.

ie € EE (n—p) 4
dx o“r dx - q p
0Jn on 35
2t —a(r, - _)
T q( G+ 5
Ay _ ap 3.6
T —Q(Rp—“a)
dE, an i

= — 4+ gD, —
Jn = Qg o +i "3y

dE, dp 3.8
]‘p = qypﬁ‘l' qua

10



where €, and €, are the free space permittivity and the relative permittivity of the
organic blend, ¢ is the voltage profile, x is the dimension perpendicular to the cell
surface, J, and ], are electron and hole current densities, n and p are electron and hole

densities, R,,/, is the electron and hole recombination rate, G is the generation rate, and

n/p

D,, ,, 1s the diffusion coefficient.

/p

33 Chlorophyll Dye

Below are the 10 sample chlorophyll dyes that are used as photosensitizer in this
study. These chlorophylls have been experimented and reported into research paper by

previous researchers worldwide.

3.3.1 Neem Leaves

Figure 2 Neem Leaves
Source: Mary Rosana (2015)

Figure 2 shows the Neem or its scientific name is Azadirachta Indica. Neem is a
famous and widely accessible medicinal tree in India, and all portions of the tree are being
studied for biological properties. It has been shown to have anti-inflammatory, antifungal,

antibacterial, antioxidant, and other medicinal properties [10].
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Figure 3 Absorption spectrum of Neem leaves

Source: Mary Rosana (2015)

Figure 3 shows the absorbance data of Neem leaves where it have a wide
absorption peak between 300-500 nm and a strong absorption peak between 600-700 nm,
with an absorption maximum at 665 nm [10]. The dye is experimented on Fluorine-doped
Tin Oxide (FTO) conductive glass where has an active area of 2.25 cm? and the research

result of current density is shown in Table 1 [10].

Table 1 Research Result of Neem Leaves
Chlorophyll Dye Size DSSC (cm?  Ji. (mA/cm?) Voe (V)
Neem Leaves 2.25 0.23 0.467

Source: Mary Rosana et al. (2015)

3.3.2 Apricot Leaves

Apricot or Prunus Armeniaca is a deciduous tree that is planted for its tasty fruit.
The apricot tree grows upright and has a spreading canopy. The tree's leaves are oval in
shape, with a rounded base, pointed tip, and serrated border. Figure 4 below shows the

shape of apricot leaves.

12



Figure 4 Apricot leaves

Source: Internet

Figure 5 shows the absorbance of apricot leaves dye where the extract of apricot

exhibited an absorption band at about 394 nm and 3 small bands at 506 nm, 535 nm, and
665 nm [11].
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Figure 5 Absorbance Spectra of Apricot Leaves

Source: Taya et al. (2015)

The dye were experimented as photosensitizer on the FTO conductive plates with
the size of 1.6 cm X 1.6 cm pieces [11]. The result of the experiment was tabulated in

the Table 2 below.
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Table 2 Research Result of Apricot Leaves Dye

Chlorophyll Dye Area DSSC (cm?)  Ji (mA/cm?) Ve (V)
Apricot Leaves 2.56 0.771 0.620
Source: Taya et al. (2015)

3.3.3 Papaya Leaves

Carica papaya, usually known simply as papaya, is a tropical, fruit-bearing tree.
Today, papaya is one of the world's most frequently produced crops. Its fruit, seeds, and
leaves are widely used in culinary and folk medical traditions. In test-tube and animal
experiments, papaya leaf includes unique plant chemicals that have proven broad

pharmacological potential [12].

Figure 6 Papaya leaf

Source: Internet

Figure 7 shows the absorbance data of the Papaya leaves where it has absorption

peak at 460-500 nm.
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Figure 7 Absorption Spectra of Papaya Leaves
Source: Pramono et al. (2015)

The dye were experimented as photosensitizer on the Indium Tin Oxide (ITO)

conductive plates with the size of 2 cm x 2 cm pieces [12]. The result of the experiment
was tabulated in the Table 3 below.

Table 3 Research Result of Papaya Leaves Dye
Chlorophyll Dye Area DSSC (em?) Joc (MA/cm?) Vo (V)
Papaya Leaves 4 0.060 0.394

Source: Pramono et al. (2015)

3.3.4 Pawpaw Leaves

The fruit of the Asimina triloba tree, which is endemic to the eastern United States
and southern Canada, is pawpaw. They have a sweet, tropical flavour and are the biggest

edible fruit native to North America. Figure 8 shows the shape of Pawpaw leaves.
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Figure 8

Pawpaw Leaves

Source: Internet

Figure 9 depicts the absorption spectra of pawpaw leaf dye, with an absorbability

range of 350 - 500 nm and an absorption peak at 430 nm [13].

Figure 9
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Absorption Spectrum of Pawpaw Leaves

Source: Isah Kimpa et al. (2012)

The pawpaw leaves dye is experimented on FTO conductive glass where has an

active area of 0.54 cm? which is 1.4 cm x 0.39 cm [13]. The experimented result of Js

and Vo 1s tabulated in the Table 4 below.
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Table 4 Research Result of Pawpaw Leaves Dye

Chlorophyll Dyve  Area DSSC (cm?) Js (mA/cm?) Vo (V)
Pawpaw Leaves 0.54 0.649 0.504

Source: Isah Kimpa et al. (2012)

3.3.5 Scent Leaves

The scent leaf, botanically known as Ocimum gratissimum, s a fragrant herb that
has been widely disseminated across the world's tropical and subtropical climates. Scent
leaf is indigenous to Nigeria, Ghana, and areas of Africa and Asia. This is a homegrown
shrub that is commonly found in farm and garden settings and is mostly utilised as a spice
in culinary delicacies owing to its fragrant flavour [14]. Figure 10 shows the shape of

Scent leaves

Figure 10 Scent leaves

Source: Internet

Figure 11 shows the absorption spectra of the Scent leaves dye (purple colour
line) which has a peak at 390 nm [14].
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Figure 11 Absorption Spectra of Scent Leaves Dye
Source: Eli (2016)

The scent leaves dye is experimented on FTO conductive glass and the

experimented result of Ji. and V. is tabulated in the Table 5 below.

Table 5 Research Result of Scent Leaves Dye
Chlorophyll Dye Area DSSC (cm?) Jsc (mA/cm?) Voo (V)
Scent Leaves Assumed 1 0.044 0.466

Source: Eli (2016)

3.3.6 Spinach

Spinach with scientific name Spinacia Oleracea is the most well-known of the
edible leaves known as 'greens,' which also include dandelion, mustard, beet tops, and
turnip tops. Spinach is planted as an early spring and late fall crop to ensure growth
throughout the coldest sections of the season. Spinach grown under warm weather
becomes fibrous and rough and instead of the regular flavour, it is fairly harsh and

unpalatable.
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Figure 12 Spinach

Source: Internet

Figure 13 shows the UV-VIS absorption spectra for the extracts of spinach (A)
with the absorption peak at 701 nm [15].
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Figure 13 Absorption Spectra of Spinach (A)
Source: Taya (2013)

The spinach dye is experimented on FTO conductive glass where has an active

area of 0.25 cm?. The experimented result of Jsc and Vo is tabulated in the Table 6 below.
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Table 6 Research Result of Spinach Dye

Chlorophyll Dye Area DSSC (cm?) Jsc (mA/cm?) Vo (V)
Spinach 0.25 1.11 0.583

Source: Taya (2013)

3.3.7 TiPlant Leaves

Cordyline fruticosa is a flowering plant of the Asparagaceae family. The plant is
extremely important in the old animistic religions of the Pacific Islands, New Zealand,
Island Southeast Asia, and Papua New Guinea's Austronesian and Papuan peoples [16].
It is also used for food, traditional medicine, and as a decorative due to its multicoloured
leaves. It is known by several other names, including ti plant, palm lily, and cabbage palm

[16]. Figure 14 below shows the shape of Ti plant leaves.

Figure 14 Ti Plant Leaves

Source: Internet

The absorption spectra of Ti plant leaves extracts (purple colour line) is shown in
Figure 15. The extract has a noticeable absorption spectrum between 630 and 700 nm. At
530, 605, and 660 nm, three major peaks were discovered. The figure also depicts large
absorption bands ranging from 470 to 570 nm [16].
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Figure 15 Absorption Spectra of Ti Plant Leaves (Purple Line)
Source: Al-Alwani et al. (2016)

The Ti plant dye is experimented on FTO conductive glass where has an active

area of 1 cm? [16]. The experimented result of Ji and Ve is tabulated in the Table 7

below.

Table 7 Research Result of Ti Plant Leaves Dye
Chlorophyll Dye Area DSSC (cm?) J,. (mA/cm?) Voe (V)
Ti Plant Leaves 1 1.3 0.616

Source: Al-Alwani et al. (2016)

3.3.8 Morning Glory Leaves

Morning glory or Ipomoea Purpurea are an annual vining flower that bloom early
in the day. They are plants that enjoy climbing [17]. Their blooms are brilliant in purple,
blue, red, pink, and white, with the heart-shaped leaf as shown in Figure 16 attracting

hummingbirds and butterflies.
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Figure 16 Morning Glory Leaves

Source: Internet

The absorption spectra of Morning Glory leaf extract following UV irradiation
are shown in Figure 17. According to the spectra curves, the greatest absorption peak

value of ipomoea extract fluid is at 410 nm [17].
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Figure 17 Absorption Spectra of Morning Glory Leaves
Source: Chang et al. (2010)

The Morning Glory leaves dye is experimented on ITO conductive glass where
has an active area of 0.25 cm? [17]. The experimented result of Js and Vo is tabulated in

the Table 8§ below.
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Table 8 Research Result of Morning Glory Leaves Dye

Chlorophyll Dye Area DSSC (cm?)  Ji (mA/cm?) Voc (V)
Morning Glory Leaves  0.25 0.85 0.495

Source: Chang et al. (2010)

3.3.9 Jatropha Curcas Leaves

Jatropha curcas with scientific name Euphorbiaceae is a spurge-like flowering
plant endemic to the American tropics, most likely Mexico and Central America. It
originates originated from the tropical sections of the Americas, from Mexico to
Argentina, and has spread around the world in tropical and subtropical climates,
becoming naturalised or invasive in many places. It is a multipurpose plant with the
potential to produce biodiesel and be used medicinally [12]. It has been used to treat a
wide range of disorders including skin, cancer, digestive, respiratory, and infectious

diseases. Figure 18 shows the shape of Jatropha Curcas leaves.

Figure 18 Jatropha Curcas Leaves

Source: Internet

Figure 19 shows the absorbance spectra of the Jatropha Curcas leaves where it

has absorption peak at 460-500 nm.
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Figure 19 Absorption Spectra of Jatropha Curcas Leaves

Source: Pramono et al. (2015)

The dye were experimented as photosensitizer on the ITO conductive plates with

the size of 2 cm x 2 cm pieces [12]. The result of the experiment was tabulated in the
Table 9 below.

Table 9 Research Result of Jatropha Curcas Leaves Dye
Chlorophyll Dye Area DSSC (cm?)  J.. (mA/cm?) Voo (V)
Jatropha Carcus Leaves 4 0.042 0.35

Source: Pramono et al. (2015)
3.3.10 Chinar Leaves

Chinar or Platanus Orientalis is a tall, deciduous tree of the Platanaceae family
that may grow to 30 m (98 ft) or more in height and is notable for its longevity and
spreading crown. Its rich green foliage become blood crimson, amber, and yellow in the
fall [18]. The leaves and bark have been utilised for therapeutic purposes. The twigs and
roots have been used to create a fabric dye. The wood, sometimes known as lacewood, is

figured and valued for interior furniture. Artists frequently utilise the leaves for leaf

carving [18]. Figure 20 shows the shape of Chinar leaves.
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Figure 20 Chinar Leaves

Source: Internet

Figure 21 shows the UV-VIS absorption spectra for the extracts of Chinar leaves

(a), the red line with the absorption peak at 445 nm.
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Figure 21 Absorption Spectra of Chinar Leaves Dye (a)
Source: Liu et al. (2008)

The dye was experimented as photosensitizer on the ITO conductive plates with
the size of 2.5 cm x 2.5 cm pieces [18]. The result of the experiment was tabulated in the

Table 10 below.
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Table 10 Research Result of Chinar Leaves Dye

Chlorophyll Dye Area DSSC (cm?) Js (mA/cm?)

Voc (V)

Chinar Leaves 6.25 0.012

0.468

Source: Liu et al. (2008)

3.4  Inserting Data for New Material

When the new material needs to be inserted into GPVDM software, the
absorbance data and refractive index data are needed in order to run the simulation in it.
For this study, all 10 samples chlorophyll dye are inserted into GPVDM because the
software does not have any data about the materials. Since the related data need to be

acquired first, it is extracted from the previous research paper that have been

experimenting the chlorophyll dyes.

Most of the research paper only shows the graph of absorption spectra which is
same as absorbance of the material. So, in order to extract the data from, the
WebPlotDigitizer is used to get the data from the graph. The WebPlotDigitizer can be

use directly from its website or download the software. Figure 22 below shows the

interface of the software.
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Figure 22 Interface of WebPlotDigitizer

After that, insert or load in the image of graph that need to be extracted the data

into the WebPlotDigitizer. Figure 23 below shows an example of graph that have been

uploaded.
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Figure 23 Loaded Image inside the WebPlotDigitizer

Then, the needed graph need to be drawn as shown in the Figure 24 below.
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Figure 24 Draw the Graph Needed in WebPlotDigitizer

After the graph has been drawn, the software is simulated to get the plot on the

graph that have been drawn as shown in Figure 25.
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Figure 25 Plot on the Graph in WebPlotDigitizer

After plotting the graph, the data of the graph can be view as shown below in
Figure 26, where this is the type of data that is needed in the GPVDM software.
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Figure 26 Data of The Plotted Graph

After acquiring the data needed, the file of data is imported into GPVDM software
as shown in Figure 27 and then, the GPVDM software will automatically construct the

graph from the data file.
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Figure 27

Data of Graph is Imported into GPVDM Software
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35 Simulation of DSSC

The device structure is divided into several layers of various materials. These may
be set up via the layer editor. Some of these layers will be of the active variety that will
be subjected to the electrical model. For this study, the chlorophyll-dye layer is set as an
active layer. To function, the electrical model requires a finite difference mesh to be built
up. Typically, GPVDM will handle this automatically. For this study, the default
electrical parameter in the software is used because most of the research paper does not
mentioning or stated the electrical parameter of the chlorophyll. Figure 28 shows the

electrical parameter that have been used for this study.

DoS of DYE

DoS distribution - Edit
Electron trap density 3.8000e26 | m? eVt
Hole trap density 1.4500e25 | m? eV
Electron tail slope 0.04 | ev
Hole tail slope 0.06 | ev
Electron mobility 2.48e-07 Symmetric * mA/is?
Hole mobility 2.48e-07 Symmetric = mv's?
Relative permittivity 3.8 | au
Number of traps 20 | bands
Free electron to Trapped electron 2.5000e-20 | m?
Trapped electron to Free hole 1.3200e-22 | m?
Trapped hole to Free electron 4.6700e-26 | m?
Free haole to Trapped hole ;.SEDDE-ZZ | m?
Effective density of free electron states (@300K) 1.2800e27 | m-
Effective density of free hole states (@300K) 2.8600e25 | m?
Xi 3.8 | eV
Eg 10 | v
Npee 10 pre. Recombination rate constant (0.0 | ms?
Free carrier statistics Maxwell Boltzmann - analytic > type

Figure 28 Electrical Parameter Used For Simulation

The simulation follows the exact size of active area DSSC that have been
researched in previous research paper. Different types of chlorophyll dye are
experimented on different size of conductive glass. Figure 4.1 shows the section to
manipulate the size of DSSC in GPVDM software so that it can follow the size that have

been mentioned in research paper according to the type of chlorophyll dye.
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Figure 29 Section to Change Size of DSSC in GPVDM

3.6  Gantt chart
A gantt chart was created to maintain the project's consistency by ensuring that
the objective was met at the specified time. This gantt chart will also be used as a rough

guide. In the Appendix A section, there is a gantt chart during this semester.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Result Simulation

The result of simulation of J-V curve for all 10 chlorophyll dyes is shown below
and the value for simulation of I, Jsc and Voc also tabulated below. The simulation
follows the area of DSSC that have been mentioned in the related research paper, while

for the size area of DSSC that are not been mentioned is assumed by 1 cm?.

4.1.1 Neem Leaves

Figure 30 and 31 show I-V curve and J-V curve of simulation using Neem leaves

as dye respectively. The value for Isc, Jsc and Vi 1s tabulated in Table 11.
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Figure 30 I-V Curve for Neem Leaves Dye
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J-V Curve
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Figure 31 J-V Curve for Neem Leaves Dye

Table 11 Simulation Result for Neem Leaves Dye
Chlorophyll Dye Area DSSC (cm?) L. (mA) Jsc (mA/ecm?) Vo (V)
Neem Leaves 2.25 0.6 0.2667 0.5

4.1.2 Apricot Leaves

Figure 32 and 33 show I-V curve and J-V curve of simulation using Apricot leaves

as dye respectively. The value for Isc, Jsc and Voc is tabulated in Table 12.
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Figure 32 I-V Curve for Apricot Leaves Dye
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Figure 33 J-V Curve for Apricot Leaves Dye

Table 12 Simulation Result for Apricot Leaves Dye
Chlorophyll Dye Area DSSC (em?) I (mA) Jsc (mA/em?) Voe (V)
Apricot Leaves 2.56 0.695 0.271 0.524
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4.1.3 Papaya Leaves

Figure 34 and 35 show I-V curve and J-V curve of simulation using Apricot leaves

as dye respectively. The value for Isc, Jsc and Voc is tabulated in Table 13.
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Figure 34 I-V Curve for Papaya Leaves Dye
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Figure 35 J-V Curve for Papaya Leaves Dye

Table 13 Simulation Result for Papaya Leaves Dye
Chlorophyll Dye  Area DSSC (em?) L. (MmA) J.. (mA/cm?) Voo (V)
Papaya Leaves 4 0.87 0.2175 0.523

35



4.1.4 Pawpaw Leaves

Figure 36 and 37 show I-V curve and J-V curve of simulation using Pawpaw

leaves as dye respectively. The value for Isc, Jsc and Voc is tabulated in Table 14.
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Figure 36 I-V Curve for Pawpaw Leaves Dye
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Figure 37 J-V Curve for Pawpaw Leaves Dye

Table 14 Simulation Result for Pawpaw Leaves Dye
Chlorophyll Dye  Area DSSC (cm?) I (mA) Jsc (mA/cm?) Vo (V)
Pawpaw Leaves 0.54 0.575 1.0648 0.5
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4.1.5 Scent Leaves

Figure 38 and 39 show I-V curve and J-V curve of simulation using Scent leaves

as dye respectively. The value for Isc, Jsc and Voc is tabulated in Table 15.

Current - Applied voltage

0.0008

0.0007
0.0006 -
0.0005
0.0004 -

Current (A)

0.0003 A
0.0002 4

0.0001 A

0.0000 T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6

Applied Voltage (Volts) -
— . dat
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Figure 39 J-V Curve for Scent Leaves Dye

Table 15 Simulation Result for Scent Leaves Dye
Chlorophyll Dye  Area DSSC (cm?) L. (mA) Js (mA/cm?) Vo (V)
Scent Leaves 1 0.71 0.71 0.524
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4.1.6 Spinach

Figure 40 and 41 show I-V curve and J-V curve of simulation using Spinach as

dye respectively. The value for Isc, Jsc and Voc is tabulated in Table 16.
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Table 16 Simulation Result for Spinach Dye
Chlorophyll Dye Area DSSC (cm?) L. (mA) Jsc (mA/cm?) Voe (V)
Spinach 0.25 04 1.6 0.479
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4.1.7 TiPlant Leaves

Figure 42 and 43 show I-V curve and J-V curve of simulation using Ti plant leaves

as dye respectively. The value for Isc, Jsc and Voc is tabulated in Table 17.
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Figure 43 J-V Curve for Ti Plant Leaves Dye

Table 17 Simulation Result for Ti Plant Leaves Dye

Chlorophyll Dye Area DSSC (cm?) L. (mA) Jsc (MA/cm?) Voo (V)
Ti Plant Leaves 1 0.8 0.8 0.523
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4.1.8 Morning Glory Leaves

Figure 44 and 45 show I-V curve and J-V curve of simulation using Morning

Glory leaves as dye respectively. The value for Isc, Jsc and Voc is tabulated in Table 18.
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Figure 45 J-V Curve for Morning Glory Leaves Dye

Table 18 Simulation Result for Morning Glory Leaves Dye

Chlorophyll Dye AreaDSSC (em?) L.(mA)  J,. (mA/cm?) Voo (V)
Morning Glory Leaves 0.25 0.287 1.148 0.48
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4.1.9 Jatropha Curcas Leaves

Figure 46 and 47 show I-V curve and J-V curve of simulation using Jatropha

Curcas leaves as dye respectively. The value for Isc, Jsc and Voc is tabulated in Table
19.
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Figure 47 J-V Curve for Jatropha Curcas Leaves Dye

Table 19 Simulation Result for Jatropha Curcas Leaves Dye
Chlorophyll Dye  Area DSSC (cm?) I (mA) J.. (mA/cm?) Ve (V)
Jatropha Leaves 4 (.862 0.2155 (.523
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4.1.10 Chinar Leaves

Figure 48 and 49 show I-V curve and J-V curve of simulation using Chinar leaves

as dye respectively. The value for Isc, Jsc and Voc is tabulated in Table 20.
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Figure 49 J-V Curve for Chinar Leaves Dye

Table 20 Simulation Result for Chinar Leaves Dye

Chlorophyll Dye  Area DSSC (cm?) L. (mA) Js. (mA/cm?) Voo (V)
Chinar Leaves 6.25 0.374 0.05984 0.479
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4.2 Discussion

The simulation result is been compared with the result of the previous research in

Table 21 and Table 22. From all 10 samples chlorophyll dye, spinach dye shows the

highest simulated value for Ji. which is 1.6 mA/cm? compared the others. While for

simulated value for Vo, Apricot leaves dye and Scent leaves dye show the highest

compared to the others with 0.524 V.

Table 21 Comparison Between Research and Simulated Result for Jy
Chlorophyll Dye  Area Research Simulated J,. Difference Reference
DSSC Tz (mA/cm?) T
(cm?) (mA/cm?) (mA/cm?)
Neem Leaves 2.25 0.23 0.2667 0.0367 [10]
Apricot Leaves 2.56 0.771 0.271 -0.5 [11]
Papaya Leaves 4 0.06 0.2175 0.1575 [12]
Pawpaw Leaves 0.54 0.649 1.0648 0.4158 [13]
Scent Leaves Assumed 1 0.044 0.71 0.666 [14]
Spinach 0.25 1.11 1.6 0.49 [15]
Ti Plant Leaves | 1.3 0.8 -0.5 [16]
Morning Glory 0.25 0.85 1.148 0.298 [17]
Leaves
Jatropha Carcus 4 0.042 0.2155 0.1735 [12]
Leaves
Chinar Leaves 6.25 0.012 0.05984 0.04784 [18]
Table 22 Comparison Between Research and Simulated Result for V.
Chlorophyll Dye  Area Research Simulated Difference Reference
DSSC Vo (V) Vo (V) Vo (V)
(cm?)
Neem Leaves 2.25 0.467 0.5 0.033 [10]
Apricot Leaves 2.56 0.62 0.524 -0.096 [11]
Papaya Leaves 4 0.394 0.523 0.129 [12]
Pawpaw Leaves 0.54 0.504 0.5 -0.004 [13]
Scent Leaves Assumed 1  0.466 0.524 0.058 [14]
Spinach 0.25 0.583 0.479 -0.104 [15]
Ti Plant Leaves 1 0.616 0.523 -0.093 [16]
Morning Glory 0.25 0.495 0.48 -0.015 [17]
Leaves
Jatropha Carcus 4 0.35 0.523 0.173 [12]
Leaves
Chinar Leaves 6.25 0.468 0.479 0.011 [18]

From Table 21 and Table 22 above, there are slightly difference between research

result and simulated result. The highest difference for Js is scent leaves dye with 66.6%.
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This might be because of the active area of DSSC where it is assumed for 1 cm?. Another
simulation has been conducted where all the size of active area of DSSC is assumed same

which is 2.25 cm? and the result is tabulated in the Table 23.

Table 23 Simulated Result with Same Active Area
Chlorophyll Dye Area Simulated  Simulated J;c Simulated Reference
DSSC Lc (mA) (mA/em?) Voe (V)
(cm?)
Neem Leaves 225 0.6 0.2667 0.5 [10]
Apricot Leaves 225 0.695 0.3089 0.524 [11]
Papaya Leaves 2.25 0.87 0.3867 0523 [12]
Pawpaw Leaves 2.25 0.575 0.2556 0.5 [13]
Scent Leaves 2,25 0.71 0.3156 0.524 [14]
Spinach 2.25 04 0.1778 0.479 [15]
Ti Plant Leaves 2.25 0.8 0.3556 0.523 [16]
Morning Glory 2.25 0.287 0.1276 0.48 [17]
Leaves
Jatropha Carcus 2.25 0.862 0.3831 0.523 [12]
Leaves
Chinar Leaves 225 0.374 0.1662 0.479 [18]

From above, Papaya leaves dye shows the highest value of Jic with 0.3867

mA/cm? compared to the other chlorophyll dyes.
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CHAPTER 5

CONCLUSION

5.1 Conclusion

In summary, this study conducts research on DSSC by finding the highest current-
density (J-V) that can be produce from 10 samples chlorophyll dye by using General-
purpose Photovoltaic Device Model (GPVDM) software. This software does not have
sample structure of DSSC inside it, where we can use this software to identify the

effectiveness of the software to simulate the dye-sensitized type solar cell.

From my observation, the highest simulated current-density (J-V) from 10
chlorophyll dyes that have been simulate for same active area is spinach with 1.6 mA/cm?.
Its value is the highest among other materials. The value of simulated short-circuit
current-density (Js) are slightly difference to the value of experimented result Ji. from
the published paper. It can be highly suggested that this GPVDM software is feasible to

be used to simulate the DSSC structure.

As conclusion, this GPVDM can be considered as suitable for modelling the
DSSC. However, mastering well in utilizing this software requires lots of effort and time

since there are very limited sources available.
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5.2 Recommendation

Based on our observation also, it can be suggested that one of the main important
parameters in producing highest current density of DSSC is absorbance data. Therefore,
lots of literature studies need to be massively done in order to improve the produced
DSSC model in the future since not all the journal and research papers are mentioning all

necessary constants.
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