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ABSTRACT 

 The need for renewable energy sources in Sri Lanka is assessed and solar photovoltaics (PVs) is 

identified to be the most technically suitable and economically viable power source for the conversion of 

solar energy to electricity in future. Three generations of solar PVs comprising 1st, 2nd and 3rd generations are 

dentified, and Dye – Sensitized Solar  Cells (DSSCs) comprising the 3rd generation cutting – edge solar cell 

technology is identified being the low-cost easy to manufacture, durable, stable, long life time with 

reasonably high solar energy to power conversion efficiency (11% max with expensive , scarce, synthetic 

dyes like  Ruthenium bipiridyl complex technology ), or of about 1% with cheap, low-cost, abundant, non-

toxic, environmentally friendly natural dyes of photosynthetic green plants. Natural dyes were selected to 

carry out further  research  and  development  work for practical applications. 

 Research done on DSSC’s since inception in Sri Lanka were scrutinized and assessed at the Institute 

of Fundamental Studies (IFS), Hantana, Sri Lanka, and other Institutions in Sri Lanka. It has been observed 

that most of the research  at the IFS has been done using very expensive synthetic Ruthenium metallic dyes 

and have achieved a high conversion efficiency of 10% in May 2001. 

 DSSCs sensitized with 145 natural dyes of plants growing in Sri Lanka were electrically and 

electronically tested and the ethanolic dye extracts of natural Mangoostein fruit rind (deep purple colour) 

exhibited the best conversion efficiency (of about 1%.) . It was also observed that other natural dyes such as 

Ekkiriya wood, Egg plant fruit peel, Karawalla kabilla fruit, Banana flower inflorescence, Beetroot tuber, 

Turmeric root and Fire fern leaf (not endemic to Sri Lanka) yield  relatively good conversion efficiencies. 

 Natural dye-based DSSCs even though possess conversion efficiencies usually below 1%, may be 

improved by finding different additives. Such DSSCs are cost effective , easy to manufacture,  

environmentally friendly and  stable . They are potential solar energy to electricity conversion devices for low 

power applications if further research is done to boost their conversion efficiencies to about 2% - 3%, and to 

increase their long term stability.      The   reasons why DSSC’s have not been developed for commercial  use 

in Sri Lanka have been identified, assessed and remedial measures proposed. 

 Research and development work were also initiated to develop practical DSSCs sensitized with low-

cost abundant and environmentally friendly natural dyes of plants for low power applications such as battery 

charging of mobile telephones, iPod’s, portable radio communications equipment, LED operated multi – 

coloured garden - night lights of hotels etc., construction  of Building Integrated  Photovoltaic (BIPV) 

systems to provide diffused lighting with multicoloured  LED operated lighting systems, provision of 

propulsion power to small boats etc, in order to assist solve the impending energy crisis when all known 

sources of fossil fuel will  be exhausted in a few decades. 
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Jsc Short Circuit Current Density 

Voc Open Circuit Voltage 

Io Light intensity 

ff Fill Factor 

 Overall light to –electricity conversion efficiency 

P
in
 Intensity of incident light 

P
max

 Maximum Power 

HOMO Highest occupied Molecular Orbital 

LUMO Lowest Unoccupied Molecular Orbital 

HTM Hole Transporting Material 

LHE Light Harvesting Efficiency 

IPCE Incident Photon to Current Converse 

OPV Organic Photovoltaic 

N Electron concentration 

P Hole concentration  

R
S
 Series Resistance 

R
t
 Electron Transport resistance 

P Power Density 

K Kinetic Constant 

K
B
 Boltzmann Constant 

L Length 

L
D
 Electron Diffusion Length 

T Temperature 

W                                   Watt         

eV                                  Electron Volts 



 

 

 

xx 

 

 

 

LIST  OF  PUBLICATIONS 

 

I. Design and development of Dye-Sensitized Organic Semiconductor Based Photoelectric System 

utilizing Nanotechnology for Low Cost and Efficient Conversion of Solar Energy to Electricity. 

15th Engineering Research Unit Symposium 6 November 2009, Faculty of Engineering, University 

of Moratuwa, Sri Lanka . C.I.F. Attanayake, B.A.J.K. Premachandra, A.A.P.De Alwis,  

andG.K.R.Senadheera. 

II. Solar Powered Naval Patrol Boat Operating on Dye Sensitized Solar Cells (DSSC’s)utilizing Fruit 

and Spice Extracts. National Energy Symposium  of Sri Lanka, Sustainable Energy Authority , 13 

& 14 August 2011, Ministry of Power & Energy . C.I.F. Attanayake, B.A.J.K. Premachandra and 

A.A.P. De Alwis. 

III. Study of Novel Dyes to Support DSSC Research. First National Nanotechnology Conference, 24 – 

25 August 2012, National Science Foundation, Sri Lanka .C.I.F. Attanayake, 

B.A.J.KPremachandra, A.A.P De Alwis and G.K.R.Senadheera. 

IV. Dye Sensitized Solar Cells : Using over 100 Natural Dyes as Sensitizers. American Institute of 

Chemical Engineers (AICHE), Annual Meeting 3 – 8 November 2013,Global Challenges for 

Engineering a Sustainable Future , Hilton San Fransisco Union Square, California, U.S.A. This 

invited research paper was accepted for oral presentation at the AICHE Annual Meeting , and 

published in the November 2013 Proceedings  of  the Annual Meeting . 

V. Study of Novel Dyes for use in DSSC’s . International Journal of Solar Energy Materials & Solar 

Cells submitted on 24 March 2014, being followed up  and awaiting publication . C.I.F. 

Attanayake, B.A.J.K., Premachandra, A.A.P. de Alwis and G.K.R.Senadheera. 

VI    Review of Dye Sensitized Solar Cell Research in Sri Lanka. 01 November 2011. Department of 

Chemical and Process Engineering, University of Moratuwa, Katubedda, Sri Lanka. C.I.F. 

Attanayake, B.A.J.K., Premachandra, A.A.P. de Alwis and G.K.R.Senadheera. 

 

VII           Comparison of Characteristics and Properties of Rutin and Mangoostein Dye Sensitized Solar 

Cells. Submitted to the Chinese Chemical Society , Beijing, Peoples Republic of China , e-mail : 

wlhxxb@pku.edu.cn  on 15 January 2016 for publication  in the Solar Energy Materials and Solar 

Cells  Journal  and accepted for peer  review  process  prior  to publication .  C.I.F.Attanayake, 

B.A.K.J. Premachandra,  A.A.P.De Alwis  and  G.K.R.Senadheera. 

mailto:wlhxxb@pku.edu.cn



