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Energy being the holding ability of a body to do work and create motion 

fuels economies and sustains societies (Encyclopedia Britannica, 2014). The 

increasing activities of the industrial, transport, food, residential and 

commercial sectors are dependent on energy availability. The availability of 

safe and dependable energy empowers our social order and economy to 

work, develop and flourish. As energy is a significant driver of financial 

fortune, investment development and success hinges upon having a 

sufficient supply of frugal, clean and competitive energy. First, this essay will 

throw light on the prevailing situation and the energy challenge that 

humanity is bound to face in the future. It will then go on to explain the 

concept of sustainable energy and the phenomenon of green nanotechnology 

while establishing the synergy between them. It will attempt to portray how 

green nanotechnology may be an answer to the energy challenge and how it 

could help ensure energy sustainability. The main body will stress the role 

that green nanotechnology could play in the solar energy industry. 

Furthermore, this essay will assess the future prospects of green 

nanotechnology. The central idea of this essay is to show the vital role that 

green nanotechnology could play and the beneficial impact it could have in 

creating clean, sustainable energy for a better and greener world for our 

future generations. 
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It has been predicted that there will be 9.7 billion people on earth by 2050 

and the demand for energy will rise by 53% by 2035 (Jordan, 

2013;Telegraph.co.uk, 2013). It follows that, as the world's economy grows 

and populace increases, a corresponding increase in the consumption and 

utilization of energy is also expected (as shown in figure 1).  

 

 

 

 

 

 

Figure 1: Estimations of the future global energy consumption by the Energy 

Information Administration (EIA) (Jordan, 2013). (Organisation for Economic 

Co-operation and Development (OECD) countries consists of mostly 

developed countries) 
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Figure 2: Distribution of global energy consumption by the Energy 

Information Administration (EIA) (Bp.com, 2014) (MTOE-Million 

Tonnes of Oil Equivalent) 

 

 

It can be observed from figure 2 that the world currently obtains a large 

proportion of its energy by burning fossil fuels like oil, natural gas and coal. 

The use of fossil fuels to meet this gigantic energy demand in the future will 

surely have detrimental effects on the already degrading environment. This 

has given rise to serious concern among even the French and American  

presidents, Francois Hollande and Barack Obama, who have emphasized the 
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need for an energy shift in order to tackle climate change and ensure a clean 

and low-carbon future (Unger, 2014). Immense efforts and imagination are 

being deployed to find creative ways to acquire energy through sources that 

will be less deleterious to our environment. The impending energy challenge 

is to transmute our energy sources to contribute towards reducing pollution 

and combating climate change, either by improving the sustainability of the 

prevailing energy sources or by making renewable energy sources efficient 

and commercially pragmatic, while simultaneously meeting our future 

energy needs (Guo, 2012, p. 1). 

 

 

The world has an infinite access to renewable resources, which are free, 

untapped and unlimited. However, the biggest downfall has been the world’s 

inability to harness all of this energy and capitalize from it. Replenishable 

and renewable energy like water, wind or solar power that can be obtained 

in its purest form from nature is termed sustainable energy (Oed.com, 

2013). In particular, energy sustainability can be viewed as an attempt to 

overcome the energy challenge by increasing the engenderment of energy 

through renewables and improving energy efficiency (Brown et al., 1987, pp. 

713--719). There is every hope that, the use of sustainable energy will help 

reduce pollution, global warming and in turn secure earth’s future 

generations. But, there are certain specific barriers and constraints that are 
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hampering the growth of sustainable energy. However, nanotechnology, with 

its wide range of applications, could help overcome these barriers by 

creating a cleaner and greener world with sustainable energy (Jones, 2009, 

p. 75).  

 

 

Particles that have a large surface area and that are more diminutive than 

cells in our body are called nanoparticles (Ogden, 2013, p. 236). Despite 

being, only billionths of a meter, these extremely minute nanoparticles have 

unique properties and greater surface area per unit volume, which augments 

their interactivity enabling them to have paramount impacts and 

consequences (Guo, 2012;Mongillo, 2007,p.1;Ogden, 2013). 

Nanotechnology is a process in which matter built on the nanoscale by the 

manipulation of individual atoms and molecules is used to fabricate 

macroscopic products with enhanced properties (Mongillo, 2007,p.1; 

Wikipedia, 2014). Nanotechnology alters properties of materials with sizes in 

the range of 1 to 100 nanometers to achieve superior nanomaterials with 

immense strength, lightweight and different electromagnetic characteristics 

(Smith and Granqvist, 2011;Wong and Karn, 2012, p. 3). Moreover, current 

technologies could be made more eco-friendly by the incorporation of 

nanomaterials through the phenomenon of green nanotechnology (Wong and 

Karn, 2012, p. 290201;Youtie and Shapira, 2014).  
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Green Nanotechnology can be defined as  “Nanotechnologies for providing 

energy, clean water and a good environment in a sustainable way.” (Smith 

and Granqvist, 2011). It simply is an amalgamation of “Nanotechnology, 

Green Chemistry and Sustainability” (Wong and Karn, 2012, p. 290201). In 

general, green nanotechnology is a benign version of nanotechnology that 

enables scientist to attain molecular control that allows them to create 

cleaner, more productive and efficient manufacturing processes, which leads 

us closer to sustainability (ibid). Green Nanotechnology might produce 

environmentally friendly nanomaterials and nanoproducts to solve future 

energy and environment related challenges (Karn, 2008, pp. 263--266). In 

addition, it could make manufacturing processes more energy efficient and 

reduce toxic wastes, harmful byproducts and reagents (Karn, 2008, pp. 

263--266;Wong and Karn, 2012, p. 290201). Green Nanotechnology might 

directly or indirectly provide the opportunity to purify water and generate 

power more efficaciously using not only solar energy but also wind, wave 

and geothermal energy (Hollister, 2007;Youtie and Shapira, 2014).  

 

 

It has been found that the amount of energy that reaches the earth from the 

sun in one day is greater than the yearly global energy usage (Guo, 2012, 

p.4). The advent of the photoelectric effect and the crystalline silicon cell 

gave man the chance to avail of this energy and subsequently, led to the 
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rise of the solar energy industry. However, solar energy could not compete 

with other sources of power supply due the steep costs involved and low 

efficiency of the solar panels. Green Nanotechnology could help to utilize the 

abundant energy from the sun by the inclusion of nanomaterials and 

nanotubes in solar photovoltaic cells, thereby boosting efficiency and making 

solar energy inexpensive (Grossman, 2007;Jones, 2009, pp. 75). The 

existing solar cell generation can be classified into the widely common 

crystal silicon generation, the cheaper but less efficient amorphous silicon 

thin-film generation and the upcoming nanotechnology generation (Wong, 

Perilla and Paddon, 2014, p. 014001-1). The nanotechnology generation 

involves the adoption of malleable substrates blended with nanomaterials in 

a pursuit to elevate the efficiency of the cell and reduce the cost of the 

materials (ibid). The use of nanocones made of zinc oxide in the p-region 

and polycrystalline cadmium telluride in the n-region has helped increase the 

efficiency of solar cells by 80% from 1.8% to 2.8% (Wong, Perilla and 

Paddon, 2014, p. 014001-1). Nanoimprint lithography could be used to 

develop nanoscaled cathodes that reduce reflectivity by 20-40% and yield 

7% more energy (ibid; Lin and Fan, 2014). Nanowhiskers like 

Indium-tin-oxide (ITO) could also help reduce anti-reflectivity and increase 

transmission range leading to an increase in efficiency (Wong, Perilla and 

Paddon, 2014, p. 014001-1). Solar cells with nanoscale quantum dots could 

prove to be revolutionary as they have a wider absorption spectrum, are 
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cheaper to assemble and convert greater amounts of energy to electricity 

(Guo, 2012, p.6). The wider spectrum allows absorption of infrared rays, 

facilitating the production of electricity from solar energy even during 

overcast weather and incrementing the number of regions where solar 

energy can be harnessed (Mongillo, 2007). If one photon could produce two 

electron-hole pairs, more collisions would occur and more photoelectric 

current would be produced. This could be made possible by coating ITO 

electrodes with polyaniline (PANI) or mixing quantum dots with the oxides 

used in the cell (Guo, 2012, p.5; Wong, Perilla and Paddon, 2014, p. 

014001-1).  

 

 

In contrast to the expected increase in the price of the limited fossil fuels 

with time, sustainable energy is expected to become more economical as a 

result of growing innovation. Although under the National Nanotechnology 

Initiative (NNI), more than 12 billion USD was invested in nanotechnology 

development and research in the USA, only about 1% of this amount was 

used for green nanotechnology (Roco and Mirkin et al., 2011, pp. 

897-919;Zimmerman and Anastas, 2007). Investment in green 

nanotechnology has to increase if sustainability has to become a reality. 

Though nanotechnology will have expensive commencements, it will 

progress to a state of more preponderant sophistication and lower costs. The 
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effect that nanotechnology will have on employment is still unpredictable. It 

may either require 6 million employees by 2020 or people may lose their 

jobs as most of the manufacturing may be done by nanobots (Drexler and 

Peterson et al., 1991,p.238-9; Roco and Mirkin et al., 2011, pp. 897--919). 

 

If green nanotechnology is used wisely, it could put an end to the 

destruction of our environment by taking recycling to the next level and 

reducing the need to burn fossil fuels that emit greenhouse gases. However, 

there is a possibility that the use of nanotechnology improved catalysts to 

convert coal to diesel could lead to a greenhouse gas ordeal as diesel from 

coal produces more carbon dioxide than diesel from oil (Holister, 2007). If 

the world’s largest energy consumers, India and China, who have abundant 

reserves of coal, start using diesel from coal this ordeal could be a reality 

(ibid). There has been plenty of skepticism regarding the toxicity of 

nanoparticles and certain tests need to be developed to check if they are 

harmful (Nel et al., 2006, pp. 622--627). On one hand, nanoparticles may 

cause harm after they enter the human body through the ventilatory 

system, while on the other, they could help cure cancer (Drexler, Peterson 

and Pergamit, 1991,p.26-7; Hunt and Mehta, 2006). 

 

Nanotechnology could be used to build machines called assemblers on the 

nanoscale that can be programmed to combine with other assemblers to 
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build any imaginable material (Drexler, 1992,pp.172-3). This may lead to 

the “gray goo” scenario, where the Earth would be devoid of life due to the 

consumption of all organic matter or where the nanobots become more 

superior than humans (ibid). Thus, the access to a limited amount of 

information about the unknown implications of the aspects of 

nanotechnology could lead to catastrophic consequences. However, the 

occurrence of such an unrealistic situation can be easily detected and 

prevented in the initial stages.  

 

 

On the whole, green nanotechnology could solve the energy challenge, 

reduce pollution, create wealth and cure diseases in the future or it could 

cause financial crises, stimulate conflicts, spread diseases and lead to 

doomsday scenarios (Drexler, Peterson and Pergamit, 1991,p.226-7). It 

could indeed be a revolutionary step towards creating a future with 

sustainable energy that impacts all sectors of society. Hence, despite all the 

controversy and concern, it is necessary to continue research in the field of 

green nanotechnology in the hope of reaching sustainability. Although green 

nanotechnology does offer infinite possibilities, it is essential that we analyze 

the situation, establish laws and regulations and proceed with utmost 

caution. It could either help man save the environment from destruction or it 

could cause harm to mankind. The outcome of which is entirely the 
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responsibility of man.  

 

Reflective Component 

 

The biggest problem I encountered while researching for my project was to 

choose a topic and finalize a question. It took me a really long time to make 

up my mind, as I was adamant to choose a topic relevant to both 

engineering and society. Once I had found the topic, I found it hard to frame 

a relevant question. Another difficulty I had encountered was the shift from 

researching and reading to actual writing of the essay. I feel that I spent too 

much time doing background reading and understanding although it is 

indeed an essential part. I had problems in sticking to my outline as I 

developed new ideas as I wrote the essay. I found that I couldn’t draft out a 

solid outline before starting the writing process.  

However, I did enjoy the project as it helped me gain insight into various 

aspects of essay writing, referencing and reading. It has also helped me to 

express my ideas and knowledge academically and in an appropriate way. 
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