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Abstract 

 

This study has been done to show how the cleanliness of an environment has an effect 

on its use. This is being studied with relation to photocatalytic technologies that can be applied 

in vertical and horizontal structures, with the primary focus being on concrete. This studies the 

use of two different environments and how waste collection affects the way that it is used, with 

attention paid to how the use of this technology could alter this. The findings showed that areas 

that are heavily trafficked are often more cared for by users with respect shown through waste 

disposal. This study determined what questions still remain about this technology and what 

research is ongoing with regard to this. 
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Introduction 
Pollution is familiar to people of all backgrounds- be it the field that they study or work in 

or in the part of the world that they reside. There is no one size fits all solution to pollution. Each 

solution is adapted to cities that continue to develop in a changing world. One tool that could 

play a key role in battling pollution is photocatalysis. Photocatalysis is a widely unknown phrase; 

however, it is a technology that has been around for quite some time. The inclusion of Titanium 

diOxide in concrete to lighten the surface color brought up the accidental discovery of its ability 

to accelerate the chemical reaction that causes pollutants to decompose (Chusid, 2016). This 

discovery presented opportunities for research in the form of cleaner surfaces, cleaner air, and 

the possibility of cleaner water (Hashimoto et al., 2005). 

Currently, photocatalysts are used primarily in European communities. For example, the 

United Kingdom uses this technology on university campuses to create healthy environments 

for their students to encourage a clean and waste-free lifestyle. Japan uses this technology as 

well to create cleaner spaces where citizens can utilize outdoor spaces available. However, this 

technology is not being implemented in many cities that would benefit from its use, especially in 

cities where "air quality is greatly affected by vehicle exhaust and industrial emissions" (Yang, 

Lu, et al. 2017). The United States has not taken advantage of this technology because the 

costs and benefits are still being weighed. The largest challenge in the use of photocatalysts for 

improving air quality is the question of how to measure the altered concrete's direct impact 

(Yang et al., 2017). 

The increased interest in air and water quality over the past 20 years, photocatalysis and 

self-cleaning surfaces have become a subject of research. However, while research is being 

conducted, there is still a lack of understanding in the general public, and this creates several 

4 
 



Photocatalysis for Cleaner Cities - SBE498 

hurdles when it comes to the widespread implementation of this technology. Research on this 

subject is essential to increase the public’s understanding of this technology.  This paper is 

intended to answer the questions of "How does photocatalysis work from the viewpoint of the 

general public" and "how could it be applied to some settings to improve conditions?" This paper 

will address what is currently understood of the technology and what questions require 

additional research. 

Methodology 
The research conducted for this project is on photocatalytic concrete and the possible 

benefits of implementing this technology in our cities. This technology can be applied as a 

coating over existing concrete, or it can be included in the initial pouring of the concrete. The 

inclusion of Titanium Dioxide (Ti02) in concrete allows for a reaction between the surface of the 

concrete and sunlight, accelerating the process in which pollutants are naturally decomposed. 

This accelerant decomposes unwanted organic pollutants such as “dirt, including soot, grime, oil 

and particulates; biological organisms, including mold, algae, bacteria and allergens; airborne 

pollutants, including volatile organic compounds, including formaldehyde and benzene, tobacco 

smoke, and the nitrous [and] sulfuric oxides that are significant factors in smog; and even the 

chemicals that cause odors” and prevents them from seeping into the material's surface. Upon 

decomposition, this process breaks these compounds down into “oxygen, carbon dioxide, water, 

sulfate, nitrate and other molecules” (Chusid, 2016).  

Most of the research will be conducted based on observations taking place on a school 

campus. An observation can be made of how both adults and children utilize space and how the 

presence of pollutants, in the form of stains or physical waste, have an effect on activity in the 

built environment. Although photocatalysts do not break down physical waste such as wrappers, 
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bags, and paper that gather in these areas, the idea is that the use of this technology might 

encourage responsible use of an environment because it stays free of stains longer. The 

benefits of this material are not only in the reduction of pollution but also in the health impacts it 

may have on people's lives. 

The interviews done on the general public will also take place within this school, with the 

questions related to what qualities of a space individuals find appealing to them and what 

spaces present these regularly. In doing this, I will be able to keep a log of what themes are 

most prevalent in encouraging an individual to be active in the environment mentioned. I would 

like to observe the use of an area that has very little pollution compared to that that has highly 

visible pollution and write down how they are used comparatively. However, it may be 

challenging to plan given the variables that could present themselves at two different locations. 

I will be researching what has been done previously on the effectiveness of this material 

in different environments, for example, how it compares in dry climates over wet or humid 

climates. Other research examined will be discussing the life and cost of this material as well as 

the different applications and possible risks of using this technology in different climates. 

Very few people I have spoken with have heard of  this technology, and their initial 

questions are "How much does this cost?", "What is the lifespan of this product?" or "This 

sounds too good to be true! Why isn't it currently in mainstream use?" Although the technology 

is relatively new and the concept of a material that "kills pollutants" sounds incredible, these 

questions are valid. It's hard to be excited by a product that we do not fully understand or cannot 

understand by reading one research paper. By collecting information from research papers and 

interviewing/observing the general public's thoughts and use of different places, I can put 

together a project that addresses people's concerns. Additionally, the project will analyze what 

is already known in a way that is reader-friendly and easy to access. The case may be that 

6 
 



Photocatalysis for Cleaner Cities - SBE498 

there is far more research previously conducted on the benefits of the technology. However, if 

we can identify if the material is known to be expensive or inexpensive in terms of the services it 

provides to the environment, then this will also suffice. 

Photocatalysis Defined 
Organic material decomposes slowly and naturally through exposure to UV light or the 

sun's ways. While this is useful in the long run, the inclusion of Titanium dioxide (TiO2) into 

vertical and horizontal surfaces dramatically accelerates this decomposition process. TiO2 is a 

white pigment that, when exposed to sunlight, creates a chemical reaction with organic material 

that sits on surfaces throughout our cities. The inclusion of the pigment not only allows for the 

relief of these materials such as "dirt, soot, mold, bacteria, and chemicals that cause odors," but 

it also, as a lighter material, reflects the sun's rays and aids in cooling cities and reducing smog 

(Chusid, 2006). Structures that remain clean and aesthetic have more longevity, reducing the 

need to tear down and rebuild (Chusid, 2006). 

History of Photocatalysis 
Photocatalysis was not used initially or presented as a sustainable solution to pollution. 

TiO2 powders have been used as a white pigment in building materials due to how 

"inexpensive, chemically stable and harmless" they are (Hashimoto et al., 2005). The ability of 

this material to accelerate the process of decomposition in organic material was discovered 

accidentally by the dramatic rates that paint would flake, and fabric would deteriorate when TiO2 

was applied to or included in it. It was in the early 1900s that TiO2 began being used as an 

industrial material for its hydrophilic properties, allowing debris and pollutants to slide off of the 

surface. This prevented these pollutants from becoming trapped in the walls of buildings or the 

surfaces that we walk on, allowing for cleaner and brighter spaces overall. Because of these 
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discoveries, photocatalysis has been used on outdoor materials due to their exposure to sun 

and weather (Hashimoto et al., 2005). In those environments that do not experience UV rays as 

those in hot and dry climates, artificial light may be used as a reactor for this. TiO2 that is 

activated by solar rays has been shown to have more dramatic results, however artificial light 

has still shown to have an impact on environments where this is not an option (Kabra, Kavita, 

Rubina Chaudhary, and Rameshwar L. Sawhney).  

Examples of How Photocatalysis 
is Used 

Over the past 20 years, 

photocatalysis has become well researched 

due to its many possible areas of 

application. This inclusion of TiO2 has been 

studied for its practicality in "air and water 

remediation, self-cleaning surfaces, and 

self-sterilizing surfaces" (Fujishima et al., 

2005). This technology has shown to be 

efficient in managing, cleaning, and 

purifying industrial wastewater, with an 

efficiency rating of 90% (Threrujirapapong 

et al., 2017). 

 

         Images by Scott Frances for Italcementi. 

Concerns with this Material and Technology 
The widespread application of this technology is relatively new, and research is still 

being done regarding the lifespan of TiO2 under different climates. At this point, it is believed 
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that the efficiency of this technology is highly reliant on the environment. This technology 

performs well in hot and dry climates; however, it is not as efficient in humid climates (Elledge, 

2015). Because the implementation of the material involves producing cement,  the lifespan of 

the concrete and the amount of de-pollution it has over this time must be weighed. The 

concerns over the cost of this product as compared to the amount of de-pollution it will do over 

its lifespan is an aspect that is currently being studied, with the latter being a complex process in 

which several measures must be taken before claiming that the technology has made a certain 

difference in the surrounding environment (Herrmann, 2010). As this field is relatively new, 

these results have yet to be concluded. Researchers in this field mention that only time will tell 

how useful this material truly is but that they remain fully supportive and positive about what has 

been seen thus far regarding the use of photocatalytic concrete (Elledge, 2015). 

A primary concern when discussing the implementation of photocatalytic concrete is the 

lack of application of this technology in cities that would benefit significantly from its use. Cities 

where "air quality is greatly affected by vehicle exhaust and industrial emissions'', would see 

results that would boost widespread knowledge of this technology. However, this technology is 

not used in a mainstream application in the United States, where we are heavily reliant on public 

transport. A challenge seen as a significant barrier is the complexity of analyzing and measuring 

concrete's direct impact on air quality in cities as opposed to other factors (Yang et al., 2017). 

Data Results and Discussion 
Monitoring and observing how students interact with a space can give quicker results 

due to their higher activity, awareness, and care to their surroundings. I know that from viewing 

different cities in multiple countries that the care put into maintaining a city and keeping it clean 

affects how the public uses the space in question. Many times when visiting university 
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campuses in the United Kingdom, such as those in Oxford or Bristol, the care and respect 

shown to these environments were crucial to how they were treated. It is simple to say that 

newer builds receive more care and are used more responsibly than older ones, however, these 

university campuses are hundreds, if not a thousand, years old. It is the upkeep and the 

adaptations made to the building that help the user act responsibly towards it. There are many 

situations in the United States where we abuse an environment because it was not built in this 

century, regardless of its actual age. This attitude towards the built environment can be changed 

by the care put back into it, and in one way this could be the use of photocatalysis. If the 

awareness is there of the impact a built structure is now having on the environment, it may lead 

people to be more responsible and respectful of the area around it. 

When presented with the questions of what spaces individuals feel drawn to and what 

qualities of that space are most important to them, a trend was seen in these individuals longing 

for a sense of security and comfort and an overall calm atmosphere. One of my interviewees 

spoke in great detail about why she feels the way she does about different environments and 

what draws them to her. Hanna said, "My favorite place to be is my parent's home, due to the 

peace I have when I'm there and the sense of security and comfort. I enjoy being outdoors in 

public spaces, but when there are features of these spaces that make me feel uncomfortable or 

unsafe I find it difficult to enjoy these places. I love to go on walks and on hikes, but the only 

things that take away from these is seeing trash on the side of paths or areas where people 

have obviously traveled and not cleaned up after themselves. It's easy to spend time outside in 

Tucson in the mountains and on trails because of how fresh the air is and how good it makes 

me feel, but I don't find myself in the same mindset inside the city because of how much traffic 

they see from different people." The comments provided by interviewees create a sense of 

value for clean air and beautiful spaces that are untouched by pollutants or by aggressors. 
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Some themes arise within the general public to encourage the use of this material. With 

the ability to be used in multiple ways, this material offers health benefits due to the air purifying 

and pollution cleansing qualities presented by the process. Two different school environments 

were observed and monitored for this study over two weeks. The first is a courtyard with two 

separate playgrounds, used consistently by grades K-2. The second is a field, basketball court, 

and playground, which is used consistently by grades 3-8. These were chosen specifically to 

observe trends in the use of an environment with relation to the cleanliness, or lack thereof, in 

the area. The observations were done in search of trends, rather than numbers themselves. 

With hundreds of students, it is nearly impossible to count each student in a certain area over a 

period of time, and for this reason, trends were the most valuable information. 

The first environment observed was seen in many different stages, two in particular. The 

playground is seen at the start of the day, where parents and children enjoy every area of the 

space. The space is observed during lunch, the time of day where snacks are brought out, and 

everyone sits collectively in one area that has been shown already to contain pollution or litter in 

one form or another. At the start of the day, when the space had been cleaned overnight, no 

area was avoided, and people did not contribute to any littering due to the cleanliness. However, 

during the lunch portion of the day, the litter started with one student throwing trash in a darker 

area or one covered by shade, and others contributing in the same way. Perhaps because it 

was out of sight or out of the way of the play equipment. In general, students kept the area they 

used spotless of any form of trash and continued using the space as usual. The walls of the 

courtyard and the pathways around this area were not used as often as in the morning, which 

may or may not be in relation to litter collecting in these areas. The use of photocatalytic 

concrete in these areas would encourage a cleaner environment, not solely with the 

technology’s use on the pavement but also if included on the vertical structures such as walls or 
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doors. The use of this product will not resolve the collection of trash as it cannot break down 

these materials, but it may encourage a more responsible use of the area by brightening the 

space and reducing and decomposing compounds that contribute to unpleasant stains and 

smells.  

For the older grade levels, the field, basketball court, and playground were monitored 

over the same period of time. The size of the space was more of a challenge and should have 

been narrowed. There is a gate around the perimeter of the field, most often in a shadowed 

area behind large trees that are present. During the morning, students frequent the interior and 

exterior of the field, with the interior being used for sports and the exterior used for walking laps 

and catching up with friends. The majority of students frequent the middle of the field throughout 

the day, and this is where you find the least amount of litter. During lunch, the less trafficked 

areas of the field collect the largest amount of trash, with it being focused around the corners in 

less monitored or less noticeable areas. These spaces are also less frequented during this time 

of day, with most students staying out of the areas that have collected litter throughout the day. 

To address waste collecting on the field, introducing more trash cans and encouraging 

responsibility by the students would address this. A surface treatment could be done along the 

pavements, courts and surrounding walls to encourage cleanliness in these spaces.  

Although these spaces are very different in their appearance, there are a few trends or 

themes that can be drawn. The spaces were similar in the way that they were used and in the 

locations that collected trash. While playing away from the boundaries of a space may not be a 

new concept, it was interesting to view that even students who were initially interested in being 

along the edges were disinterested or less likely to frequent these areas during their lunchtime. 
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Theme 1: A cleaner and brighter built environment encourages use of the area within individuals 

of all ages and groups. 

 

Theme 2: Within an environment that encourages cleanliness and air purity, the public is 

encouraged to be more active. 

Conclusion 
 

Every community around the world is impacted by pollution. Whether that be a rise in the 

heat index due to an urban landscape, air pollution, or unsightly appearances or smells in the 

area. More and more, the application of photocatalysis is being used to combat air pollution and 

treat materials so that pollutants can run off of the surface and safely be distributed into our 

waterways. While there is ongoing research being done as to how large amounts of nitric oxide 

can have an effect on our water systems, the additional pollutants that can be decomposed by 

this technology have been able to be safely washed off of these surfaces. It is important to note 

that research is being done on different forms of catalysts that can treat polluted waterways, 

offering a photocatalytic way to break down the organic materials that are washed into these 

systems (Zarei-Chaleshtori, et al., 2013). Some studies have shown that water sources exposed 

with TiO2 and UVA rays prevented pathogenic bacteria from growing, suggesting health 

benefits that may be presented by this technology upon further studies (Robertson, et al., 2005). 

These self-cleaning surfaces assist communities in leading healthy lifestyles in more ways than 

cooling the area and cleaning the air. Communities see a decrease in activity in spaces that are 

affected by pollutants, contributing to a lack of general exercise within the group in question.  

This theory was observed in a school of grades K-8, taking note of how students 

interacted with a space over different times of the day and under varying levels of cleanliness. It 
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was noted that spaces generally affected by shade or with little lighting would be polluted, with 

these areas starting as heavily trafficked spaces and becoming the areas with the least use 

once polluted. The weather could also impact this finding throughout the day and year. It would 

be best if viewed year-round. Over the summer or in the hotter months, shaded spaces may be 

those that are most heavily trafficked during the day and, in turn, may not be as polluted. The 

students tend to take care of the areas they most want to be in, and in turn, are most active in 

those that they maintain in terms of cleanliness. 

While this information reflects the initial question of how pollutants have an effect on 

human activity within a built environment, they do not answer all questions set out to answer. It 

remains unclear of the lifetime of this technology or how often it must be reapplied to remain 

effective. We have been shown that the material is a sustainable and environmentally friendly 

option for the treatment and prevention of pollutants in our atmospheres and on our surfaces 

(Dong, et al., 2015).  

 

Limitations 
 

The use of photocatalysis in the built environment has presented many benefits to be 

considered; however, it has also required studies to be done to examine the material's ability to 

recover after water treatment and absorb hydrophobic contaminants. These studies have been 

conducted due to the material's low-cost as a sustainable treatment to already existing built 

structures as well as future constructions. With all that can be said of photocatalytic technology 

and its ability to positively impact the environment by reducing pollutants on and around the 

surrounding area, there is much research still required to understand and measure the effects 

being had accurately.  
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Appendix 
Annotated Bibliography 

 

Chusid, Michael. "Depolluting (Photocatalytic) Concrete." Depolluting (Photocatalytic)  

Concrete, 2016, www.sustainableconcrete.org.nz/page/depolluting-concrete.aspx. 

 

This article discusses the subject of depollution, the process of photocatalysts 

accelerating the chemical reaction that causes pollutants to decompose. Pollutants such 

as "dirt, soot, mould, bacteria and chemicals" are affected by this chemical reaction, 

turning them into organic material that have a minimal impact on the environment. TiO2 

is talked about as a white pigment that is put into cement during the manufacturing 

process which lightens the concrete and allows for UV rays to be reflected from the 

concrete's surface. Chusid discusses the benefits of this technology and how it not only 

promotes cleanliness of an environment's air and water but also of its beauty over time. 

 

Elledge, Jonn. "What Exactly Is Self-Cleaning Concrete, and How Does It Work?"  

CityMetric, 17 Apr. 2015,  

www.citymetric.com/skylines/what-exactly-self-cleaning-concrete-and-how- 

does-it-work-944. 

 

This article discusses the accidental discovery of photocatalysis by an Italian chemist 

named Luigi Cassar. It explains the chemical reaction and how it works to decompose 

pollutants adding that when tested, the air around concrete containing TiO2 "contained 

up to 80 percent less nitrous oxide", showing that the material not only cleaned itself 
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overtime but also purified the air around it. This article puts heavy focus on the balance 

between positives and negatives with this technology, adding that its efficiency is highly 

reliant on the climate. While this technology performs well in hot and dry climates, it is 

not as efficient in humid climates. It also weighs the cons of producing cement and how 

that may compare to the lifetime of the concrete and the amount of depollution it has. 

This article concludes by saying that only time will tell how effective this material truly is 

because of the negative points mentioned but remains positive about the benefits of the 

use of photocatalytic concrete. 

 

Threrujirapapong, T, et al. "Treatment of High Organic Carbon Industrial Wastewater  

Using Photocatalysis Process." Egyptian Journal of Medical Human Genetics,  

Elsevier, 23 July 2017,  

www.sciencedirect.com/science/article/pii/S2215153216300885. 

 

This article's focus is on the ability of photocatalysis to clean and purify industrial 

wastewater. It touches on the efficiency or inefficiency of wastewater treatment. The 

study found that with the inclusion of TiO2 in the treatment process there was an 

efficiency of greater than 90%. This was noted to be a successful implementation of the 

process to industrial wastewater. 

 

Yang, Lu, et al. "Photocatalyst Efficiencies in Concrete Technology: The Effect of  

Photocatalyst Placement." Egyptian Journal of Medical Human Genetics, Elsevier,  

8 Oct. 2017, www.sciencedirect.com/science/article/pii/S0926337317309256. 
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This article discusses the lack of application of photocatalytic concrete in cities that 

would greatly benefit from its use. This technology would be increasingly beneficial in 

cities where "air quality is greatly affected by vehicle exhaust and industrial emissions", 

highlighting that this concrete is not used in mainstream application in the United States. 

The article touches on the barriers to widespread implementation, comparing cost 

effectiveness to photocatalyst impact. The challenge highlighted most was the 

complexity of measuring the concrete's direct impact on air quality.  

 

Zarei-Chaleshtori, Maryam, et al. "Photocatalytic Decontamination of Wastewater with  

Porous Material HNb3O8." Egyptian Journal of Medical Human Genetics, Elsevier,  

4 May 2013, www.sciencedirect.com/science/article/pii/S0026265X13000817. 

 

This article discusses the chemistry behind photocalytic technologies. It discusses the 

porous structures of concrete before and after the inclusion of TiO2 in the material, 

mentioning the change in crystal size and how it affects the efficiency of the reaction. 

This article was very difficult to read because it covered chemical terms such as X-ray 

diffraction, UV-vis spectrophotometry, and scanning and transmission electron 

microscopy" which were very difficult terms to digest from the standpoint of someone 

who has taken a beginner Chemistry class. It was interesting to see the thought put into 

the study of this material from different areas. 

 

Hashimoto, Kazuhito, Hiroshi Irie, and Akira Fujishima. "TiO2 photocatalysis: a historical  

overview and future prospects." Japanese journal of applied physics 44.12R  

(2005): 8269. http://iopscience.iop.org/article/10.1143/JJAP.44.8269/meta. 
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This article highlights the industrial uses of photocatalysis. It touches on the uses seen in 

the past, present and what could be the near future while making sense of the cost of 

this technology in comparison to other alternatives. With this material being relatively 

new in the built environment when it comes to the reduction of pollution, it recognizes the 

importance of research on the use of TiO2. This paper gives an overview of the progress 

being made scientifically with the research of this and how it can be applied industrially. 
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This article recognizes the effects this technology has on contaminants in water. It 

overviews an experiment done where algae and microorganisms were seen growing in 

every group except for that being affected by the exposure of TiO2 to UVA rays. This 

technology is seen to have benefits for drinking water that no other option showed. The 

dangerous pathogenic bacteria did not grow when treated with UVA rays, showing 

evidence behind the benefits of treating drinking water with this technology. 
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This article goes back over 80 years and touches on the beginnings of photocatalysis 

and how the understanding of its uses has evolved over time. Over the past 20 years the 

uses of photocatalysis has grown because of the interest in air/water quality and self 

cleaning surfaces. This explosion in the interest of efforts photocatalysis can provide has 

fueled the interest in expanding this technology. The article aims to inform the public on 

possible directions this technology could go. 
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organic and inorganic compounds through aqueous-phase photocatalysis: a  
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This article touches on the origins of this technology and the fundamental processes of it 

in terms of pollution control with water, air and soil. The main focus of this article is on 

the treatment of hazardous wastewater and the effects different factors have on the 

efficiency of photocatalysis. This touches briefly on the economic analysis of these 

technologies. The article also discusses what options could be taken to create a 

treatment method that is both cleaner and more cost effective. 

 

Herrmann, Jean-Marie. "Photocatalysis fundamentals revisited to avoid several  

misconceptions." Applied Catalysis B: Environmental 99.3-4 (2010): 461-468.  
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This article recognizes the importance of understanding the fundamentals of 

photocatalysis in order to prevent misunderstandings or misconceptions about the 

technology. It captures the rules that must be followed for a test or experiment to be 

considered "true", examining those that are often not met or not followed correctly. The 

tests in question are meant to recognize the efficiency of the technology when put into 

practice, highlighting the importance of protocol when it comes to deliverables. The 

article's aim is that the conclusions of experiments handling photocatalysis are able to be 

met if performed again by different scientists. 

 
 
 
 

22 
 


