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Abstract —The booming economy of Bangladesh in recent times has created a significant need for energy.
Consequently, the increasing demand for power generation has led Bangladesh to become more reliant on fossil
fuels. This paper highlights the current situation of the power sector in Bangladesh, proposes practical steps that can
be taken to tackle the increasing energy demands and discusses the current state of research taking place in
Bangladesh regarding the development of photovoltaic solar cells and the potential for thin-film solar cells to
effectively harness solar energy. The use of different kinds of plasmonic metal nanoparticles (NPs) such as core-shell
NPs, NP dimers made of metallic alloys and hybrid bow-tie shaped NPs with thin-film solar cells are discussed.
These nanoparticles are found to significantly improve the efficiency of thin-film solar cells. The societal,
environmental, and health impact of shifting from traditional fossil fuel-based energy resources towards harnessing
renewable energy, primarily solar energy using thin-film solar cells is also discussed. The paper concludes with a
discussion on the economic sustainability of using such proposed high efficiency thin-film solar cells so that such

technologies may help lead Bangladesh towards a cleaner, greener and more secure future.
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1. INTRODUCTION

Bangladesh has recently emerged as a country with a
thriving economy with one of the highest gross domestic
product (GDP) growth in 2019 [1]. It is expected that
this growth will continue and so the demand of power
will increase exponentially. Unfortunately, Bangladesh
is still predominantly dependent on fossil fuels to
produce electricity. This dependency will create major
problems as the natural gas reserve in Bangladesh is
estimated to dry out by 2026, as reported by British
Petroleum (BP) [2] and the severe impact on the
environment of the fossil fuel will make the situation
even more difficult.

Solar energy harnessed by photo-voltaic (PV)
devices has the potential to address the problem as it
provides a greener alternative to the traditional fossil
fuels and its cost can be compensated over an extended
period of time as it requires almost no cost after
installation. Solar energy is abundant in nature and
Bangladesh is particularly blessed with a suitable
geographic location to harness solar energy for energy
applications in large industrial scales [3].

However, two of the major challenges of current
photovoltaic (PV) technology is the relatively high cost
of production, installation and the relatively low energy
conversion efficiency of PV devices such as solar cells.
Commercially available solar cells have an efficiency
that is less than 30% [4]. It is absolutely crucial to
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reduce the cost of the solar cell and increase solar cell
efficiency in order to have large scale implantation in
Bangladesh. It is observed that a significant portion of
the cost of a solar cell made of crystalline silicon (Si) is
the material cost of Si itself as it comprises almost 40%
of the total cost of a solar cell [5]. Thin-film solar cells
(TFSC) have the potential to reduce this cost
significantly as it uses a very thin layer of Si (not more
than 3 pm) compared to 1% generation solar cells
(substrate thickness around 180 um) and thus saves a lot
of the expensive bulk material [6]. However, this
reduction of material also reduces the volume of the
absorbing layer and thus the efficiency (i.e., electricity
generation capacity) is also reduced. To increase the
light absorption and current generation efficiency of
TFSCs, different light trapping technologies such as
anti-reflection coating, surface texturing etc. have been
studied [7]. Among them, the usage of various metallic
nanoparticles (NPs) has shown favorable results in
increasing the opto-electronic performance of solar cells
through harnessing the unique phenomenon of surface
plasmon resonance (SPR) [8]. These metal NPs (e.g.,
silver, gold, aluminum, copper, efc.) are characterized
by localized surface plasmon resonance (LSPR) modes
that come into play when these nanostructures are
excited by sunlight (i.e., stimulated by an incident
electromagnetic radiation). This leads to increased light
absorption and scattering by such metal NPs (called
plasmonic metal NPs) at certain resonant frequencies (or
wavelengths) [9], [10]. These plasmonic metal NPs can
be coupled to solar cells to increase the light absorption
and current generation efficiency of such “plasmonic”
solar cells [10], [11].

Along with homogenous metallic NPs, various
hybrid NP systems have shown promising results in
significantly increasing solar cell performance [12]-[14].
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Recent studies highlight a number of such hybrid
nanostructures that include: (i) NPs consisting of a
plasmonic metal core that is surrounded by a thin
dielectric/insulating shell layer; (ii) single or multiple
“plasmonically coupled” metal NPs made up of alloys of
different plasmonic metals; (iii) hybrid bow-tie shaped
NPs that can be used to confine light into a small region
on the surface of the solar cells where spherical metal
NPs can be selectively placed to significantly enhance
the TFSC performance. All these techniques contribute
to significantly improve light absorption and current
generation efficiency of the solar cell. Thus such
“plasmonic solar cells” with a higher current conversion
efficiency can lead to fewer solar cells needed to
produce a specified amount of electricity, and thus
potentially significantly reducing the price and
increasing the accessibility of the “green energy” in
developing nations like Bangladesh.

2. PRESENT SITUATION AND PROSPECT OF
SOLAR ENERGY IN BANGLADESH

2.1 Current State of the Power Sector and Solar
Energy Potential of Bangladesh

The majority of electrical power generated is through
the use of non-renewable energy sources like natural gas
and other fossil fuels. With the rising energy
requirement than ever before, as Bangladesh strives
towards her development goals by opening new
industries in different sectors, providing a reliable
electrical energy supply is of the utmost priority. It is of
critical importance to highlight, analyze, and predict the
current trends of electrical energy generation in
Bangladesh. Figure 1 highlights the current electric
energy generation capacity sorted using different types
of resources from 2018-19 [15]. From Figure 1, it can be
clearly observed that the overwhelming generation of
electricity depends on the use of non-renewable energy
sources (92.51%) and renewable energy generation
makes up a very small percentage (1.37%) in the total
generation capacity. For the year of 2019 in Bangladesh,
electrical generation capacity using gas as the fuel
accounted for 57.36% (10877 MW) of the total installed
generation capacity followed by oil (furnace oil and
diesel) with a percentage of 32.239% (6140 MW),

imported power with 6.12% (1160 MW), coal with
2.76% (524 MW), hydro with 1.21% (230 MW) and
lastly solar PV which only accounted for 0.16% (30
MW) of total generation capacity [15]. The current
annual production of gas in Bangladesh is at 0.97 Tcf
(trillion cubic feet) (2018) with 11.47 Tcf of reserves
remaining [16]. Considering the yearly growth and
production rate, natural gas reserves in Bangladesh will
last up to 2026 [17]. In order to tackle this problem, coal
generation power plants are expected to play a key role
in power generation in Bangladesh [18]. This can bring
about adverse effects on the environment, and decrease
the already low air quality in the country. In 2019,
Dhaka city has repeatedly been ranked as the city with
the worst air quality, with an air quality index (AQI)
score ranging from 242 to 252 [19].

The geographical location of Bangladesh gives it a
distinctive advantage if PV solar cells can be used to
harness solar energy for electricity generation. This is
because Bangladesh has roughly 300 days a year with an
average of 7 to 10 daylight hours with an average Global
Horizontal Irradiance of 5 kWh/m? in these days [22]. A
study conducted estimates that the total grid-connected
solar PV potential in Bangladesh could be up to 50 GW
[20], which is many folds above the current and even
future energy demands of Bangladesh. Hence, among
the different forms of renewable energy sources
available, solar energy has the highest potential and
feasibility for energy production in Bangladesh and can
potentially replace fossil fuels in the future to meet the
country’s energy demands.

Currently, PV solar cells account for a very small
percentage in generation capacity for the national supply
grid in Bangladesh (0.16%) [15]. However, there has
been a growing market for PV cells in the form of
microgrids. Despite the relatively high cost of PV solar
cells, it has successfully been adopted for generating
electricity in rural areas. These rural PV solar systems
are also referred to as microgrids (small electrical grids
to supply electricity in places where the national grid
cannot reach). Rural areas in Bangladesh and most other
developing (or third-world countries) still lack access to
reliable electricity which impedes socio-economic
development and growth in these areas [21].

Energy Generation capacity by type of resource
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Fig. 1. Energy generation capacity of Bangladesh in 2018-2019 by type of resource [15].
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2.2 Current Research and Development Work on
Solar-Cells in Bangladesh

Significant efforts have been made in theoretical and
practical research and development (R&D) work based
on PV cells and solar energy in Bangladesh. A
significant portion of these works directed their focus on
the development of rural electrification, local
transportations, etc. Research groups also focused their
study on the improvements of PV cells and modules,
which will help people both in Bangladesh and globally.
Improvements of critical modes (oscillatory stability)
within the power system can be achieved via the
integration of PV systems to the current power system
[23]. Additionally, replacing the existing grid with a
smart grid with PV integration can minimize the power
shortage problem in Bangladesh [24]. Unlike the
conventional solar tracking algorithms and techniques,
Ahmed and Rony (2014) suggested a sensor-less and
simple mathematical algorithm that wuses linear
quantization techniques to derive the sun’s optimal
azimuth and altitude that can be used to track the sun
[25]. Similar work has been done to determine the
optimum angle for maximum incident power under the
climatic conditions of Bangladesh [26]. Later, an idea of
using reflectors (fixed directed mirrors or aluminum
foils) to concentrate sunlight onto PV panels was
proposed by Ahmed et al. (2014), so that each of the
panels receives more power individually [27].
Furthermore, Hasan et al. (2018) propound the use of
proton exchange membrane fuel cell (PEMFC) with an
upgraded PV system to solve black out problems in base
transceiver station (BTS) at telecom sites in Bangladesh
[28].

The use of plasmonic NPs to enhance the
performance of TFSCs has also gained traction in
Bangladesh over the last few years. Works have been
done towards increasing the opto-electronic performance
of TFSCs using various NPs (Ti and Pt) placed on top of
an ARC (anti-reflection coating) or spacer layer (TiO,)
[29]. The use of textured surfaces like back reflectors,
ring shaped apertures and gratings have been
investigated to explore their light trapping and guiding
properties [30], [31]. The possibility of integrating
plasmonic nanostructures (Au and Ag) of various shapes
with organic solar cells has also shown potential towards
increased light absorption compared to basic organic
solar cells [32].

2.3 Current Thin-film Solar Cell (TFSC)
Technologies

Research has been conducted on various methods
through which the opto-electronic performance of thin-
film solar cells can be increased, namely, utilizing a
metal layer to create a reflective surface on the back
surface of the solar cell, employing nano-pyramidal
surface textures on the front and back of the solar cell,
and using plasmonic metal NPs [10], [33], [34]. The
difference in refractive index between silicon and air is

very high which leads to the reflection of a significant
portion of the incident radiation from the interface of the
two mediums (silicon and air), which is known as strong
Fresnel reflectivity [35], [36]. To reduce this
phenomenon, the use of anti-reflection coatings (ARC)
on thin-film solar cells have been proposed [37]. While
these ARCs improve the performance of thin-film solar
cells, their fabrication is complex and costly due to the
expensive equipment involved and the precise control
that is required during synthesis, thereby increasing the
cost of fabrication substantially [38]. Attempts have
been made towards increasing the opto-electronic
performance of solar cells using nanostructures like
nanopillars, which reduces the Fresnel reflectivity by
acting as an additional medium between air and the
substrate [39]. But this method leads to an increase in
surface recombination and a reduction in the amount of
charge carries which ultimately contributes to less
current generation [38]. Approaches towards employing
surface textures like surface grating has been reported to
aid in increasing the optical absorption of solar cells.
However, these surface textures are usually fabricated
on the micron scale (10-15 microns in thickness) which
is considerably large when comparing with the thickness
of TFSC and is therefore not suitable for use in 2™
generation TFSC [40]. Furthermore, surface texturing
using NPs with high aspect-ratio results in higher
surface defects thus increasing the chances of
recombination of electron-hole pairs [41].

2.4 Plasmonic Thin-film Solar Cells (TFSCs)

A promising method of increasing the performance of
TFSCs is using the LSPR property exhibited by
plasmonic metal NPs when incident electromagnetic
radiation (e.g., sunlight) matching the plasmon
resonance wavelength excites the metal NPs [42]. This
research group has conducted extensive computational
studies based on Finite-Difference Time-Domain
(FDTD) simulations of the effect of using different
plasmonic metal NPs and nanostructures to enhance the
opto-electronic performance of thin film “amorphous
Silicon” (a-Si) solar cells [9]-[13]. The results from
these studies showed that TFSCs coated with a layer of
homogenous metal NPs exhibit increases in the
absorption of light into the solar cell substrate and
subsequently results in higher photocurrent generation.
It was also shown that the extent of light absorption into
the solar cell substrate was influenced by the size and
shape of the plasmonic metal NPs [10], [11]. The next
sections outline some of the recent research that was
conducted by this research group investigating the use of
different plasmonic hybrid/multi-particle NP structures
such as core-shell NPs, plasmonic NPs made of alloys of
different metals and hybrid bow-tie shaped NPs to
increase the performance of TFSCs.
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3. PLASMONIC NANOSTRUCTURES AND
CONFIGURATIONS

3.1 Simulation Setup and Parameters

Commercial grade simulation software such as FDTD
Solutions and DEVICE developed by the Lumerical Inc.
were used by this research group to perform the
simulations with the following configurations and
parameters:

Optical Absorption Enhancement Factor (g):
Optical Absorption enhancement factor is the ratio of
the power absorbed by Si TFSCs with the presence of
the different types of plamonic NP and the power
absorbed by Si TFSCs without any NP [12]. This
unitless ratio gives an idea of how much more or less
light is absorbed by the absorbing layer of the solar cell
due to the effect of the plasmonic NPs. In the
simulations, two detectors (power and field monitors)
were placed at two different locations in the absorbing
substrate of the solar cell, and the difference of the
power recorded between the two detectors was used as
the power of the light absorbed in the TFSC. Industry
standard test conditions (STC) like temperature (300K)
and air mass coefficient (AM 1.5G) were maintained for
all simulations.

Short circuit current density (Jsc in A/m’): Short
circuit current density gives the idea about how much
electricity is produced within a specific region of a solar
cell and is calculated as discussed previously [12]-[14].

Open circuit Voltage (V,. in volts): The open
circuit voltage was determined to calculate the
normalized open circuit voltage and output power of the
solar cell and is calculated as discussed previously [12]-
[14].

Fill factor (unitless): The fill factor (FF)
determines the maximum output power capacity of a
photovoltaic cell and as such is used to calculate the
output power of a photovoltaic cell. It is the ratio of the
power at maximum power point by the product of short-
circuit current (Js¢) and open circuit voltage (V).

Analysis of Electromagnetic Near Fields (NF): The
near-field enhancement is the ratio of the electro-
magnetic (EM) field distribution in a TFSC in the
presence of the plasmonic NP and in a TFSC without the
presence of the plasmonic NP [12]-[14]. It is a pictorial
representation of the enhancement of the EM field in the
vicinity of the plasmonic NP when incorporated in the
TFSC.

3.2 Studies of plasmonic core-shell nanoparticles in
TFSCs

Apart from homogenous plasmonic NPs (made of a
single metal), various composite plasmonic NPs (made
of two or more materials) such as core-shell NPs (where
the core is the inner material and shell is outer layer
material) has shown promising results in improving
TFSC performance. From the early 90s, researchers
have started to synthesize multilayer NPs to improve
and tune their optical and chemical properties based on

different applications. Subsequently these NP got coined
into the term of ‘core-shell’ [43], [44]. Core-shell NPs
have some distinctive advantage due to the nature of
their composition. Figure 2 shows a composition of
core-shell NP where the core is made of metal and shell
is made of a dielectric (insulating) material.

Metal Core

—— Dielectric Shell

Fig. 2. Meta core-dielectric shell nanoparticle composition.

3.2.1 Advantages of using core-shell NP in
Dhotovoltaic applications

For PV applications, metal core and dielectric shell NPs
are particularly suitable due to its metal-dielectric
interface which can support surface plasmon resonance
(SPR) even when embedded inside the light absorbing
substrate of the solar cell [9]. So, with core-shell (metal
core and dielectric shell) NPs, the particles can be
placed on the top as well as inside of the absorbing
substrate. Moreover, the dielectric shell can provide
much needed chemical and electrical isolation which is
crucial for the stability of the NPs as the metallic NPs
show the tendency to get oxidized easily [12].
Additionally, by changing the material (i.e., metal), size
of the core, thickness of the shell layer, and shape of the
particle, the amount of light absorbed and scattered by
these plasmonic metal NPs can be tuned as well as the
wavelength of the plasmon resonance peak. The high
permittivity of the shell provides electrical isolation
which is particularly helpful for the metallic core to
avoid becoming a new center of electron-hole
recombination while still providing LSPR [45].
Furthermore, a new configuration was proposed namely
‘sandwich  configuration’” that comprises both
homogenous and core-shell NPs where the core-shell NP
is embedded inside the absorbing substrate and a
homogenous metallic NP is placed on the top of the
substrate, as shown in Figure 3 [12]. It is observed that
this particular configuration can significantly increase
the performance of the TFSC.

3.2.2 Results and Analysis of Using Core-Shell NP

Figure 4 shows the optical absorption enhancement (g)
and short-circuit current density (Ji) comparison
between different nanostructure configurations with
respect to that of a bare silicon substrate. The percentage
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increases outlined in Figure 4 are all done with respect
to the bare silicon substrate (traditional solar cells that
contains no plasmonic NPs). The inset outlines the two
parameters considered. It can be seen that highest optical
absorption enhancement (g) (42.30%) and Js. (36.33%)
is observed for sandwich configuration. This percentage
increase corresponds to a g value of 213.45 and a J
value of 9.321 mA/cm?, when compared to that of a bare
Si substrate with no plasmonic NPs (g=150, J;=6.837
mA/cm®) [12]. The percentage increase of other
performance parameters such as V. (0.66%), FF
(0.14%) and efficiency (36.4%) were also found to be
the highest for sandwich configuration, when compared
to the bare Si substrate [12]. This means 42.30% more
light will be absorbed by the Si absorbing layer and
36.33% more current will be produced and 0.66%
greater open-circuit voltage difference will be generated
resulting in 0.14% increase in the FF, which ultimately
translates to a 36.4% increase in efficiency exhibited by
the Si solar cell embedded with the sandwich

configuration of the NPs in comparison with bare Si
solar cell. This can lead to potential overall
improvements in the opto-electronic performance of the
solar cell. It is to be noted that the efficiency values
presented are percentage increase in efficiency of the
different plasmonic metal NP coupled Si solar cells
when compared to a bare Si solar cell. This might not
reflect the true efficiency of any real device because the
p-n junction, doping concentration and contacts were not
considered in the simulations.

Figure 5 shows the optical near-field enhancement
image for the “sandwich” configuration of the core-shell
NP embedded inside the Si absorbing layer and the
homogeneous NP on top of the Si absorbing layer of a
TFSC. It is seen that strong EM field enhancement is
occurring in the vicinity of NP on the top and also the
core-shell NP inside the substrate as seen by the
substantial regions in yellow and red colour that
represents EM field enhancements of well over 10-fold
compared to a bare Si substrate.
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Fig. 3. Simulation setup showing frequency domain field and power monitor placements for “sandwich” configuration of
homogenous NP and core-shell NP coupled to a solar cell.
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Fig. 4. Optical absorption enhancement (g) and short-circuit current density (J;.) comparison between
different nanostructure configurations with respect to that of bare Silicon substrate [12].
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Fig. 5. Optical nearfield enhancement as a result of incorporating homogenous plasmonic NP on top of the substrate and a
plasmonic core-shell NP embedded inside the substrate, in “sandwich” configuration.

3.3 Studies of  Plasmonic
Nanoparticles in TESCs

Alloy  Bimetallic

The second set of recent investigations conducted by
this research group includes FDTD simulation studies by
placement of two plasmonic NPs placed side by side
with a clearly defined inter-particle spacing whereby the
material of the NP is composed of either an alloy
(comprising a mixture of more than one kind of metal)
or a homogeneous metal. These two metal NPs are
placed on top of a Si absorbing layer of a TFSC as
shown in Figure 6. A hybrid bimetallic NP system
represents two metallic NPs considered as a single entity
[46]. Alloys are created when two or more different
metals are combined to form a new material by
independently varying the composition of each metal in
the alloy [47].

3.3.1 Motivation of alloy bimetallic for solar cell
application

The justification for using alloy NPs was to be able to
harness the favourable optical and chemical properties
of different plasmonic metals within one NP and thus
utilize a broader section of the solar irradiance spectrum
to enhance the performance of TFSCs [14]. In some
instances, two different metallic NPs (of either alloys of
single metal) were placed next to each other to better
harness multiple wavelengths of the solar spectrum as
well as attaining the most stable condition in terms of
chemical reactivity and optimized optical properties. It
is well known that plasmonic coupling can occur
efficiently between neighbouring metal NPs thus leading
to strong optical absorbing properties. Varying the
combination of metal, composition of each metal in a
NP, interparticle distance between metals in bimetallic
entity showed that multiple regions of the solar
irradiance spectrum has been utilized which were

previously not possible and significant enhancements
were observed in the Si TFSCs modified by such
bimetallic hybrid NPs systems [14].

3.3.2 Results and analysis of using alloy bimetallic
NPs with Solar Cells

The graphical representation in Figure 7 shows the
percentage change for optical absorption enhancement
(g) and short-circuit current density (J) for different NP
configurations that were incorporated on top of the Si
absorbing layer of TFSCs. From the simulation results
plotted in Figure 7, it can be observed that an alloy
bimetallic NP configuration comprised of two alloy NPs
in close proximity where each of the alloy NPs consist
of Gold (Au) -the inert metal, with composition of 10%
mass and Aluminium (Al) —chemically instable yet with
excellent optical properties, with composition of 90%
mass. There is a significant change in g (17%) and Jg,
(25%) for single alloy NP in comparison to bare Si
configuration. The alloy-alloy bimetallic/ dimer NP
system when coupled to the Si absorbing layer of a
TFSC showed the maximum increase in the values for g
(22%) and Ji (51%) in comparison to bare and single
alloy configuration [14]. A similar trend is also observed
for V.. (0.43%), FF (0.09% increase) and efficiency
(53% increase). This significant percentage change is
observed when two alloy NPs are placed in the
bimetallic/dimer configuration due to the plasmonic
hybridization [14].

3.4 Studies of Bow-tie Hybrid Nanoparticles in TFSCs

In order to observe and improve the optoelectronic
performance of the thin-film silicon (Si) photovoltaic

cells, recently this research group performed
computational studies on the wuse of different
configurations of hybrid bowtie-based plasmonic

metallic nanostructures [48], [13]. Figure 8 shows the
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bow-tie configuration where the hybrid nanostructures
were designed with two triangular cross-sectioned
pyramidal nanostructures (equilateral triangle cross-
section in x-y plane) and one spherical NP in such a way
that both of the triangular NPs were facing each other
with one of the apex of their vertices and a spherical NP
placed in between. These nanostructures were studied by
varying the side lengths and pitch sizes of the triangular
NPs, while keeping their height of the triangular NPs
and the diameter of the spherical NPs constant.

The main goal of this study was to design
pyramidal NPs that can concentrate a significant portion
of the incident light (e.g., sunlight) between their apex
points (like a magnifying glass concentrating sunlight at
a specific point on a paper). The design involved placing
a single spherical NP at the point where the light from
the sun was concentrated by the triangular NPs. This is
done to expose the spherical NP to a maximum amount
of incident light (both the direct light hitting the
spherical NP and the light concentrated by the triangular
NPs). When there is significant spectral overlap between
the plasmon resonance of the spherical NP and the
scattering resonance of the pyramidal NPs, a high
concentration of the incident light occurs in and around
the hybrid NPs which can then be plasmonically coupled
to the absorbing (Si) substrate of the TFSC below.
Increased absorption of this incident light by the
absorbing Si substrates can lead to increased electron-
hole pair production in the absorbing layer.

These studies involved designing hybrid plasmonic
nanocomplexes comprised of: (i) two Al triangular and
one Ag spherical NPs, which was named Al-Ag-Al
nanocomplex and secondly, (ii) two Ag triangular and
one Au spherical NPs, which was named Ag-Au-Ag
nanocomplex. The idea was to match/overlap the

maximum scattering intensity of the plasmonic
triangular NPs with the plasmon resonance (extinction
spectra) of the plasmonic spherical NPs that are placed
in between the triangular NPs [13]. Figure 9 highlights
the percentage increase in Jsc values of different NP
configuration obtained from FDTD simulations. The
results from the graph show that these hybrid bowtie-
based plasmonic nanostructures coupled to Si substrate
show superior performance in the light coupling
efficiency and electrical current generation within the Si
absorbing layer of the TFSCs when compared to the
bare Si substrate and Si substrate coupled to only
spherical NPs[13], [48]. Among the two bowtie
nanocomplexes considered, the superior results were
obtained with Al-Ag-Al nanocomplex in Jsc (5.81%
increase), Voc (4.53% increase), FF (0.87% increase),
and efficiency (11.58% increase).

It is to be noted that the recent plasmonic solar cell
research of this research group described above are
simulation results, and steps are being taken to
practically implement such “plasmonic solar cells” for
testing. It is expected that fabrication of such plasmonic
solar cells will not pose a major technological challenge
due to the advanced stage of fabrication technology of Si
due to its widespread use in the electronics industry. In
general, wet chemistry method can be used to
manufacture metallic NPs while Stober process has been
shown to be capable of synthesizing dielectric shell
layers [49]. The NPs can be embedded by depositing a
silver film through thermal evaporation, followed by
thermal annealing in nitrogen to create NPs, while the
substrate layers (above and below the NPs) can be
created through plasma enhanced chemical vapor
deposition [50].
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Fig. 6. Simulation schematic showing the plasmonic alloy bimetallic nanoparticle configuration.

©2020 Published by RERIC in International Energy Journal (IEJ). Papers included in this Bangabandhu Chair Special Issue on: Energy, Disaster, Climate Change:
Sustainability and Just Transitions in Bangladesh have undergone the selection and double-blind peer-review process under the responsibility and guidance of the
Guest Editors: Prof. Joyashree Roy (Bangabandhu Chair Professor, Asian Institute of Technology, Thailand), Dr. Sheikh Tawhidul Islam (Jahangirnagar University,

Bangladesh), and Dr. Indrajit Pal (Asian Institute of Technology, Thailand).

www.rericjournal.ait.ac.th



http://www.rericjournal.ait.ac.th/

478 Arefin SM.N., et al. / International Energy Journal 20 (2020) Special Issue 34, 471 - 484

60%
E'J_ELE.-[:J-': T —EJ ".
@ A% -
3 30% -~ -
m 1%
E 0%
g Bare Single Alloy A lloy
5 Bim etallic/Dimer
(218

Particle Configuration

Fig. 7. Percentage change comparison for optical absorption enhancement factor (g) and short circuit current density
(J,o) for different nanoparticle configurations [14].

Direction of Propagation
of Incident Radiation

NF Monitor (x-z plane) ———

Top Power Monitor
NF Monitor '()_(-y'r —N
plane) \

Bottom Power -
| Monitor -

‘Silicon Substrate

z-axis

}bx—axis
y-axis

Hybrid Bowtie Nanostructure

Fig. 8. Simulation setup for optical absorption enhancement and near-field analysis of the bow-tie hybrid nanostructure.

=
4

o ==
e
4%
¥

Fir)-
1%

Percentage ncrease

*

m
in
=2
]

Eph=rioal AQ Epheriosl Su

Particls Configuratton

Bl Ag-A
Hiy Brkd
oo i e

Ag-su-bg
Hiy brikd
Coomip lex

Fig. 9. Percentage change comparison for short-circuit current density (J,.) for different nanoparticle configurations [13].

4. IMPACT OF HIGHER EFFICIENCY THIN-
FILM SOLAR CELLS ON SOCIEY, HEALTH
AND CULTURE IN BANGLADESH

The continuous rise in the quantity of greenhouse gases
(GHG) have led to an increase in the Earth’s average
temperature, the rise of sea-levels and is causing global
climate change. A significant source for GHGs can be
attributed to power generation plants (mainly fossil fuel
powered plants) operated around the world [51].
According to ‘Global Climate Risk Index 2020’ report
published by Germanwatch, in the period from 1998 till
2018, Bangladesh ranked seventh in the long-term

climate risk index. The power generation plants are
responsible for 52% of carbon dioxide (CO,) emissions
of the country [52]. If emission levels from these plants
are not brought down, adverse environmental, health and
security issues may arise in Bangladesh. With the
current rate of use of natural gas for energy generation
and plans to further increase usage to meet the increased
energy demands, natural reserves of gas are projected to
be depleted by the next decade [17]. While it may be
true that gas-fired power plants are more
environmentally friendly than coal-fired power plants,
due to diminishing natural reserves [17], substantial
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investments should be made in the renewable energy
sector to mitigate the health hazards and environmental
pollution created due to the use of fossil fuels.

The operation of solar panels during their lifetimes
(raw materials extraction and manufacturing) produce
several magnitudes lower CO, emissions than fossil fuel
power plants [53]-[56]. Also, no harmful pollutants are
released during its operation. Second (2") generation or
thin-film solar cells (TFSCs) require a lower amount of
materials than crystalline solar cells and so TFSCs are
more ecologically friendly than traditional soar cells.
Due to reduction of thickness of the light absorbing
layer of TFSCs, they also tend to be elastic, increasing
the flexibility in the location for deployment. This can
lead to reduction in space requirement for deployment
and more robust structures to withstand adverse
environmental conditions like cyclones and nor'westers
that are common in Bangladesh. Increasing the
efficiency of TFSCs by the proposed incorporation of
different plasmonic metal NPs can potentially reduce the
cost and amount of PV cells required to power specific
rural, urban or industrial areas of Bangladesh.

In order to tackle the problems of power generation
(of Bangladesh) stated throughout this paper, the
government would be advised to follow in the steps of
countries (Germany, Iceland, Kenya, Morocco, China,
U.S.A. etc.) that have been successful in adopting
renewable energy practices [57]. The policies used to
realize their energy goals need to be scrutinized,
evaluated and possibly be modified to suit the current
situation (socio-economic and political) of Bangladesh.
Extreme remote and rural areas in Bangladesh (e.g.,
Chittagong Hill Tracts) still have no access to electricity
(5%) due to the high cost and challenges involved in
connecting these remote areas to the national grid [58].
Hence, using stand-alone power systems (e.g., solar
homes) or using microgrids appears to be one of the
practical solutions to deliver electricity to these areas.
Lack of access to electricity in remote areas of the
country have impeded the development and growth in
these areas and is a hurdle that needs to be overcome for
Bangladesh to fully transition into a developing country.

Facilitating electricity in these rural areas can bring
about development and growth. It can also lead to the
development of communication pathways (cell phone
towers, roads, radio, efc.), thereby connecting the remote
populace to the rest of the country and the world (via the
internet). It also works to reduce the feeling of alienation
and neglect of the people living in such remote areas of
Bangladesh (e.g., indigenous minority tribes living in
the hill tracts and the people living in the alluvial land
areas) where it is almost impossible to have access to
grid electricity. The proposed access to electricity will
make such rural and minority communities feel as being
accepted as a citizen with equal facilities as the vast
majority of people living elsewhere in the country. This
can prevent or discourage such estranged communities
from indulging in terrorism and other illegal measures to
express any form of dissent.
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Efforts should not only be made to provide
electricity to these remote and rural areas via microgrids
but also the possibility of using such grids to provide
electricity in areas which have an unreliable electrical
connection (frequent outages, faulty transmission lines,
etc.) should also be explored. The biggest hurdle in
adopting PV solar panel technology is the high initial
cost investment needed. The cost of these PV crystalline
solar cells can be reduced substantially if TFSC
technology is used. Increase in TFSC efficiency using
the proposed plasmonic NPs can potentially further
reduce the cost of operation and installation of the solar
cells. Implementation of solar energy can give rise to a
cultural movement and massive paradigm shift of the
minds of the common people. Hence, Bangladesh can
also have bright prospects to be a part of a multi-billion-
dollar solar cell industry and become a market leader
like it is in the ready-made garments (RMG) industry.
This revolution can pave Bangladesh towards a greener
and sustainable future because this will not only protect
the environment and provide electricity but also create
new employment opportunities for large number of
people.

5. IMPACT OF HIGHER EFFICIENCY THIN-
FILM SOLAR CELLS ON THE
ENVIRONMENT AND ECONOMIC
SUSTAINABILITY IN BANGLADESH

The majority of carbon dioxide (CO,) emissions in
Bangladesh (52%) can be attributed to the power sector
[52]. Many countries have invested heavily in renewable
energy sources to reduce their carbon footprint and meet
their carbon goal according to the Paris Climate
Agreement 2016. In 2018, 26.1% (26614 TWh) of the
world’s electricity production was generated from
renewable energy sources and globally, the new
installed capacity of renewable sources was greater than
the installed capacity of traditional sources and nuclear
power combined [17]. Since 2008, the price for PV solar
modules have gone down by a factor of about 5 [59],
while their efficiency has been improved, making PV
solar cells widely adopted globally for power
generation.

According to PSMP (Power System Master Plan
prepared by the Government of Bangladesh) 2016 [18],
proposed plans to increase the generation capacity in
Bangladesh point to an alarming scenario where the
dependence of foreign imports of fuel for power
generation would increase, thereby decreasing the
energy security in Bangladesh and lead to an increase in
the already high carbon dioxide emission (CO,) from the
power sector due to the increase in fossil fuel power
plants. Adopting a scenario more geared towards the use
of renewable energy sources such as PV solar systems
would be better for the environment as PV solar systems
have lower CO, emissions (approximately 40g CO,
eq/kWh for PV systems compared to an approximately
1000g CO, eq/kWh for coal, 640g CO, eq/kWh for
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natural gas-fired combustion turbine (NGCT) and 460g
CO, eq/kWh for natural gas-fired combined-cycle
systems) [53]-[56]. This would also decrease the
dependency on foreign imports of fuel (such as coal,
natural gas) and therefore can potentially increase
energy security in Bangladesh.

Traditional or 1* generation PV solar cells are the
predominant type of solar cells that are available in the
market. Crystalline (monocrystalline and
polycrystalline) Si (with a typical thickness of the cut
wafers of approx. 180 um) makes up the bulk of the
material used in these 1% gen cells and is the main
contributor to the high price [60]-[62]. To find an
alternative to using high quantities of Si, the 2™
generation of solar cells (also called TFSCs) were
developed. The absorbing layer in TFSCs are usually
only a few microns (um) thick and so a considerable
amount of expensive material can be saved in their
fabrication. The primary focus of this paper is on
enhancing the opto-electronic performance of a-Si
(amorphous silicon) TFSCs by utilizing the plasmonic
properties of different kinds of metallic nanostructures
coupled to the solar cells. Potentially higher efficiency
and thus lower amounts of expensive absorbing
materials used can lead to more affordable solar panels
and also can significantly reduce the amount of space
needed to mount the solar modules. This can potentially
lead more widespread adoption of renewable energy
with significantly lower carbon emissions compared to
fossil fuels and can also save much needed agricultural
land for installing such solar panels on a large industrial
scale.

For PV solar cells to become a major sustainable
competitor in the power generation market, the materials
involved in the manufacture of these cells must be
abundant, affordable and have a much lower
environmental impact than its traditional counterparts.
Additionally, the engineering complexity of fabrication
should be such that the costs associated should not be
prohibitive for widescale deployment in developing
countries like Bangladesh. Hence, the cost of one unit
of electrical energy generated via PV systems must be
equal to or lower than the cost of one unit of grid
electricity. While 1% generation crystalline PV cells now
cost much lower than they did in the past, it is still
relatively expensive for widespread deployment and use
in developing countries like Bangladesh. That is why
extensive research is being done in developing efficient
TFSCs (2™ generation cells) which are significantly
cheaper than crystalline Si solar modules [63]. As with
the advancement of technology, the price of solar
electricity is getting lower but significant work remains
to be done to reduce the price even further, for example,
via the potential use of plasmonic nanostructures as
described in this paper. Despite the relatively limited
availability of raw materials (e.g., Te, In, Ge, Cd, Ga,
etc.) involved in fabrication of PV devices, the growth
of TFSCs market should be sustainable to provide
Terawatts of renewable energy by the mid-21* century
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[63].

6. CONCLUSION

This paper outlines the current state of the energy sector
of Bangladesh and its challenges to meet the increasing
energy demands resulting from thriving economic
growth. It also underlines the extent of Bangladesh’s
reliance on fossil fuels and its ramification on the
environment and society. Being fortunate to have
favorable solar irradiance due to the geographic
location, Bangladesh is well positioned to implement
large a scale PV industry to address the current and
future energy demands provided that the cost of PV cells
can be reduced. To this end, thin-film solar cells have
been proposed that require less absorbing material (e.g.,
silicon) and thereby potentially reducing their
fabrication cost. However, due to the reduction of the
absorbing layer, the light absorption and current
generation efficiency of TFSCs decreases. To overcome
this challenge, the wuse of plasmonic metal
nanostructures like core-shell NP, alloy-bimetallic NP
and, hybrid-bowtie NP configurations to increase TFSC
efficiency have been outlined. The optimal configuration
of each NP configuration mentioned above has been
shown (via numerical simulations) to significantly
increase the opto-electronic performance of TFSCs. The
proposed benefit of such higher efficiency combined
with low cost of these cells can facilitate both small and
large scale deployment of TFSCs. This in turn can aid in
bringing electricity to remote areas and rural
communities of the country that are outside the current
coverage area of the national grid. This in turn can aid in
significant  infrastructure  development, education
improvement, economic growth, clean environment and
better health of the people thus fulfilling the promise of
a “golden” Bangladesh.
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