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Abstract 

Fabrication and Optimization of Dye-sensitized Solar Cells 

Master of Applied Science 

2017 

Benjamin Fischer 

Environmental Applied Science and Management 

Ryerson University 

- 

Dye-Sensitized Solar Cells (DSSCs) have garnered considerable attention given their desirable design 

properties including, transparency and flexibility. A considerable amount of research has been done in all 

facets of the DSSC permitting significant progress in device development. However, there is still much 

improvement needed to make DSSCs a viable alternative energy option. The I-/ I3
- electrolyte has been 

used extensively in DSSCs but has inherent drawbacks including its absorption range and corrosiveness to 

DSSC components. Recently, cobalt based electrolytes and hole transport materials (HTMs) have shown 

promise of improved performance, especially in combination with metal free dyes. This thesis aims to 

develop a mastery of device fabrication and then study and compare various electrolytes paired with 

triphenylamine (TPA) and BODIPY based dyes with the aim of improving DSSC efficiency and long-term 

stability. 
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Chapter 1: Introduction 

1.1 Current State of Energy Production and Consumption 

Global primary energy consumption in 2015 was 13.1 billion tonnes of oil equivalents of which 86% 

was generated by fossil fuels.1  Electricity generation accounts for 40% of global energy use2 and 66% of 

that is generated from fossil fuels.3 Fossil fuel energy generation results in over 10 gigatonnes of carbon 

dioxide (CO2) emissions annually which severely contribute to the global climate change problem.2,4 Due 

to this catastrophic issue and the finite nature of fossil fuels, there needs to be a paradigm shift to reduce 

and eventually eliminate reliance on fossil fuels to avoid the effects of climate change. Although 

technological methods such as increasing the efficiency of residential and industrial consumption can 

alleviate concerns, they can not fully mitigate them. To solve this problem, renewable energy sources 

must be improved to meet global energy demands. To that end, this thesis aims to improve the efficiency 

and long-term stability of next generation solar cells such that they are a viable alternative energy option. 

1.2 Fossil Fuels and Climate Change 

The effect of greenhouse gasses (GHGs) is well established, with CO2 studied as far back as the 1930s5 

and other GHGs studied widely by national bodies dating back to the early 1980s.6 The greenhouse effect 

occurs by the following mechanism; shortwave radiation emitted by the sun passes through the earths 

atmosphere, the earth absorbs this radiation and then re-emits longer wavelength radiation, gases 

present in the atmosphere then absorb and re-emit the longer wavelength radiation. This absorption and 

re-emission warms the earth making it habitable. However, if the concentration of GHGs increases beyond 

appropriate levels, temperatures can warm beyond ideal ranges.7  

Carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), ozone (O3), and water (H2O) are all naturally 

occurring greenhouse gases that can also be anthropogenic, while other GHGs such as 
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chlorofluorocarbons (CFCs) do not naturally occur and are solely anthropogenic.7 The extent to which 

GHGs contribute to the greenhouse effect depends on how strongly a GHG absorbs and the lifetime over 

which it is present in the atmosphere.8 Based on these factors, the overall impact of a GHG can be summed 

up by its Global Warming Potential (GWP). CO2 acts as the base unit with a GWP of 1.0 while other GHGs 

are assigned relative to CO2. CH4 for example has a GWP of 10.8  

Economic and population growth are the largest drivers of increased CO2 emissions. As populations 

and economies grow, the need for energy increases which has made fossil fuel combustion and industry 

the largest contributors to increasing GHG emissions. Approximately half of anthropogenic CO2 emissions 

from 1750 to 2010 were emitted in the last 40 years9 indicating the correlation between emissions and 

economic and population growth. The effects of increased global temperatures include rising sea levels, 

changes to ocean currents, and changes to regional precipitation among others.7 These changes can have 

profound impacts on populations which illustrates the need to phase out fossil fuels and replace them 

with renewable energy sources. 

1.3 Renewable Energy 

A number of low carbon intensity energy sources exist.10 Hydroelectric, tidal,  wind, geothermal, and 

solar are all possible alternative energy sources but each have their own unique challenges.2 The desire 

for renewable energy is motivated by many factors, including independence from commodity fuel prices 

but more importantly reduced impact on the environment. In the 1970’s when fossil fuel consumption 

was growing much faster than production, the need to reduce dependence on imports brought 

conservation to the forefront of the energy sector.11 This change in thinking paved the way for renewable 

energy development. 










