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Abstract - The future of sustainable energy depends upon the use of natural materials which support eco-system. Dye 
sensitized solar cell closely reflect the nature pattern by using natural materials. In this study, we explored different regional 
natural plants as a photosensitizer for dye-sensitized solar cell under the sunlight. Four natural plants selected 
Alkannatinctoria root, Liquorice root, Romaine lettuce and Opuntia were selected for dye-sensitized solar cell and compared 
different factors under the sunlight at 12:30 pm by sunny day. All plants extracted dyes performance were analyzed by open 
circuit voltage (Voc) and short circuit current (Isc). The obtained results were compared with the synthetic dye N719 as a 
reference dye. At the time of testing temperature were 35oC, when relative humidity recorded 30%.The open circuit voltage 
ranging from 0.533mv to 0.382mv and short circuit photocurrent up to 0.13mA/cm2 noted. The various features of dyes 
examined such as light absorbance and functional groups by using UV-VIS and FTIR. 
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I. INTRODUCTION 
 
The world energy need is constantly increasing and 
reached to 13 terawatts power utilization. In 2050, it 
is predicted to exceed 23 TW. Fossil fuels conformed 
80% of the energy demand of the world but 
unfortunately it is decreasing speedily. The increasing 
rate of carbon dioxide emission is alarming to 
atmosphere due to the burning of fossil fuels. The 
high demand of energy is a dire need of hygienic and 
renewable energy. Biomass, tidal power, hydropower, 
solar thermal and photovoltaic are the main sources 
of energy. In 1954 the first photovoltaic cell was 
designed at the Bell research Laboratory. Silicon 
based solar cell converts the solar energy into 
electrical energy ranging from 15% to 20%, but the 
global usage of silicon based solar cell was controlled 
due to the use of harmful chemicals in their 
construction and excessive cost. 
 
Gratzel and O’ Regan fabricated a newly photovoltaic 
cell in 1991 by the name of dye sensitized solar cell 
(DSSC) (O'regan, &Grätzel, 1991). DSSCs are 
photonic device which interchange the light energy 
into electrical energy. The DSSCs, which are third 
generation solar cells, their fabrication cost is nearly 
1/3 to 1/5 times that of silicon solar cells. Due to their 
absorptive properties and enlarged apparent area, this 
type of film increases the light consumption. The 
total conversion productivity of DSSCs is directly 
relational to the injection of electrons. The recorded 
efficiency for an adequate cell is nearly 11.1%. DSSC 
have several advantaged over silicon solar cells. A 
DSSC is made up of a transparent conductive oxide 
(TCO), a photo sensitizer, counter electrode and 
electrolyte (Maabong et al., 2015). On the covering of 
the semiconductor oxide, the dye is absorbed 

(Calogeroet al., 2015). The dyes which are obtained 
from fruits, trees and vegetables treat as sensitizers 
for the changeover of light energy into electricity 
brings out essential income from the environment and 
enhanced the economic conditions (Abdel-Latif et al., 
2015). Generally, the photo anode of the DSSC is 
manufactured of ZnO or SnO2 nanoparticles. A 
photovoltaic cell must remain operative for 20 years 
without any loss in its performance (Grätzel, 2004). 
The act of DSSCs is really imperceptive to 
temperature variation (Grätzel, 2003). Onto the TCO 
substrate, good adherence of the Pt layer is very 
essential for DDSCs. Natural dyes play a vital role in 
capturing solar energy, and converting solar energy 
into electrical energy. Michal Grätzel obtained DSSC 
power conversion efficiency (PCE) as 7.1-7.9% 
(O’Regan and Grätzel 1991). DSSC consists on 
working electrode usually FTO, mesoporous  TiO2 
for transporting material, photosensitizer for 
absorbing photon by light, electrolyte work as dye 
regeneration and counter electrode for the electron. 
Alge, flowers, fruits and leaves used as sensitizers 
which contain anthocyanin, betalain and chlorophyll 
derivatives compared power conversion efficiency 
(PCE) with synthetic dyes. Different fruits and 
vegetable efficiencies  recorded that i.e. blackberry 
0.56%, blueberry 0.52%,cowberry 0.12%, Red 
Mulberry 0.99%, strawberry 0.61%, begonia 
0.24%,canna indica 0.26%, cabbage red 1.51%, 
cabbage purple 0.75%,fruit of clafate 0.28%, skin of 
eggplant 0.48%, eggplant 0.64%, giacche grapes 
0.57%, hibiscus H.sabdariffa 1.60%, skin of 
jaboticaba 1.10%, oragne red sicilian 0.66%, purple 
sweet potato 1.13%, red onion 0.14%, 
punicagranatum peel 1.13%, black rice 0.32%, red 
rose 0.81%, sesbaniagrandiflora 1.02% respectively 
(Calogero et al., 2015).  
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Recently Calogero et al. reported that using red 
silicone orange juice dye as sensitizer achieved 
0.66% conversion efficiency. Wongeharse et al., 
obtained a changeover capability of 0.70% by 
utilizing Rosella as sensitizer. Applying Rose Bengal 
Roy et al., reported efficiency of 2.09% (Abdul-
Latifetal., 2013). The current efficiency of DSSC is 
more then11% (Mehmood et al., 2014). In a newly 
reported paper the 28% PCE  has been achieved 
under ambient light (Freitag et al. 2017). 
 
II. DETAILS EXPERIMENTAL  
 
2.1. Structure of DSSC: 
It is composed of four main parts. A transparent 
conducting oxide (TCO), which is commonly 
composed of indium doped tin oxide (ITO) or 
fluorine doped tin oxide (FTO) as shown in figure 1.  
Sensitizer (dye molecule), which is fixed into the 
photo anode.Mesoporous plate oxide covering, from 
TiO2 nanoparticle perform as a photo anode and 
counter electrode, mostly a mirror covered with 
platinum. 

 
Figure 1 Structure of DSSC 

 
2.2. Extraction of Dyes: 
All fresh plants Alkannatinctoria root, Liquorice root, 
Romaine lettuce and Opuntia were washed several 
times under tap water to remove mud particles 
followed by deionized water to remove the impurities 
and later dried through dryer at room temperature. 
The 10g of each plant was grinded into powder and 
mixed with 100ml ethanol. Then stirred for 20 min at 
30oC and subsequently all the mixture was filtered 
and extracted dyes.  The obtained extracted dyes were 
stored into air-tight glass bottles at room temperature 
as shown in figure 2.  

 
Figure 2 Extracted dye in airtight bottle for storage 

 
 
2.3. Preparation of DSSC: 
The FTO glass sheet was cleaned with ultrasonic bath 
used detergent solution, water and ethanol for 10 min 
respectively and dried. Then  prepared TiO2 paste and 
kept in a box for 10 min so that the paste can relax to 
reduce surface irregularity (Hashmi et al., 2014). 
Later working electrode was coated with TiO2 layer 
by doctor blade method, dried at room temperature 
and sintered at 500oC for 30min.in the next step TiO2 
electrodes immersed into dyes N-719, 
Alkannatinctoria root, Liquorice root, Romaine 
lettuce and Opuntia  and kept at room temperature for 
24 hours to complete dye soaking process as reported 
in our previous work (Ayaz et al., 2016). A pin hole 
was made in the counter electrode (ITO) and cleaned 
in detergent solution, di-water and ethanol in the 
ultrasonic bath for 10 mints and dried. Subsequently 
the device was fabricated by the sandwich type of 
FTO/TiO2/Dye/electrolyte and ITO (Hagfeldt and 
Grätzel 2000). Sandwich type cell sealed with a hot 
melt gasket of 35mm thickness film. Conventional 
electrolyte iodide/ tri-iodide were injected and 
applied sealant on hole. Figure 3 depicts the prepared 
DSSC. 
 

 
Figure 3 Fabricated DSSC with extracted dyes 

 
III. RESULTS AND DISCUSSIONS 
 
Light to current conversion are characterized in 
table1. The obtained extracted dyes were compared 
with standard industrial dye N-719 which is a 
reference dye. The highest short circuit current and 
open circuit voltage was observed from Romaine 
lettuce under ambient light. Dyes analyzed under UV-
Vis 1700 Spectrophotometer by Shimadzu-Japan, for 
the light absorption region of visible light in the range 
of 380nm to 750nm. The band gap energy of 
Alkannatinctoria root, Romaine lettuce, and Opuntia 
dyes were recorded as 2.28eV, 1.60eV and 1.61eV 
respectively. The functional group of the dyes was 
observed under FTIR spectrometer 8400S Shimadzu-
Japan, and these dyes were contains:  
Alkannatinctoria root C-F stretch, Romaine lettuce 
P=O phosphine oxide, Opuntia containing C-O 
stretch C-O bond which shows that dyes can make 
good bonding with TiO2. 
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Table1: Photo-electrochemical parameters of DSSCs under 

ambient light 
 
CONCLUSIONS 
 
In this work we extracted the dyes of natural plants 
Alkannatinctoria root, Romaine lettuce, and Opuntia 
which were used for the energy harnessing in the 
dyes sensitized solar cell.  The adopted procedure 
was not only simple and easy but also environment 
friendly. Our aim is to motivate researchers to 
explore naturel things. There is a lot of potential that 
needs the researcher’s investigation. More research is 
required to explore plants which are not tested yet for 
the dye solar cell. The adopted methods reported in 
this work are cost effective and less time consuming 
experimental procedures. 
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