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Abstract

The main aim of this thesis is to propose an air purification system to improve the 
air quality in Athens, Greece. The system derives from analyzing multiple inter-
ventions using either mechanical or horticultural methods. The chosen methods 
implementing in Athens is evaluated through a comparative assessment with 
consideration of existing constraint. The thesis concluded with a series of proposed 
architectural intervention adapts to the context of Athens, demonstrating new pu-
rification methods can be integrated within the context of urban developed cities.
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1.1 Introduction

“Human can live for three weeks without food and three days without water - But 
only three minutes without air. Yet we simply take it for granted”.1 In 2016, 91% of 
the world’s population lives in places where air quality levels exceed World Health 
Organization guidelines; with ambient air pollution contributes to 7.6% of all 
deaths, which accounts for an estimated 4.2 million deaths in 2016, due to stroke, 
heart disease, lung cancer, and chronic respiratory diseases.2  It is evident that the 
built environment must take into account for air quality. Despite the fact that the 
hazardous level of air pollution is becoming an increasingly common problem on 
a global scale, large cities are only beginning to address this issue. For instance. 
South Korea has recently acted upon this issue by offering free public transport 
during rush hours since early 2018, hoping to vehicle use will be reduced. 3 

Reducing the emission of pollutants from the origin is perhaps is the most efficent 
way of reducing air pollution, but there are also new technologies proposed to be 
deployed in cities to capture polluted particles. These interventions showcase their 
potential and capability to be implemented on a greater scale and also sees as an 
opportunity to initiate a conversation among the public to be aware of this global 
issue.  

My research begins by assessing the existing air purifying techniques and evaluate 
their potential for implementation on a city scale. The case studies being assessed 
are separated into mechanical and natural methods. Both methods include case 
studies with established proposals and full implementations tested in the existing 
built environments. Aside from assessing their efficiency in air purification, these 
technologies will also be examined through other factors, including adaptability, 
the requirement of maintenance, infrastructure and implementing location. After 
evaluating the efficiency and benefit of existing methods, it would formulate a 
design guidline. 

This thesis aims to propose a guideline of air filtration systems that can adapt to the 
built environment at the scale of the city, specifically speculate within the context of 
Athens, a city that has increasingly become more polluted since the economic crisis 
in 2007.

In this thesis, chapter one, will address air pollution on a global scale and investi-
gate how is the government responding to this issue from the top down perspec-
tive and explain the intention of proposing a integrated purification system with 
the existing city fabric. Chapter two will examine the two types of air purification 
methods; mechanical system and natural system via different case studies and 
assess with a consistent set of factors cover different criteria, which formulate a 
design guideline for designing an adaptable purification system to an existing city 
context. Chapter three will illustrate the existing constrain of typology and climate 
in Athens, where the system will be implemented. By taking existing context into 
design consideration will help inform a more unique proposal that is best suited 
to this specific city. In chapter four, the air purification system is proposed to be 
speculated and tested on a local portion of Athens and eventually multiply to the 
rest of the city.  Chapter five will conclude with the tested proposal in Athens and 
acknowledge its potential impact when multiplied on a greater scale.

1 Fuller, Gary. The Invisible Killer: The Rising Global Threat of Air Pollution: And How We Can Fight Back. Brook-
lyn, NY: Melville House Publishing, 2019.
2 ‘WHO | Air Pollution’, WHO, accessed 23 February 2019, http://www.who.int/air pollution/en/.
3Linda Poon, ‘Can Free Public Transit Fix South Korea’s Nasty Smog Problem?’, CityLab, accessed 28 March 2019, 
https://www.citylab.com/environment/2018/01/seoul-takes-on-air-pollution-with-free-public-transit/550829/.
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Figure 1.  Dense particulate matters create a smoggy scenery above the city of Athens. 
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1.2 Global awareness 

In recent years, as climate change has become a worldwide concern, internation-
al conferences were held among different nations to find alternatives to improve 
the environmental impact on the global scale. On 12th December 2015, The Paris 
Agreement has officially become effective as it builds upon the convention; as for 
the first time brings all nations into a common cause to undertake ambitious efforts 
to combat climate change and adapt to its effects, with enhanced support to assist 
developing countries to do so. It charts a new direction in the global climate effort, 
with 196 state parties agreed to be determined with the contribution that to reduce 
global warming.4 More recently, on 30th October 2018; The first Global Confer-
ence on Air Pollution and Health was held at WHO Headquarters in Geneva.5 The 
conference was aimed to focus on the possible solution to reduce air pollution to 
address public health concerns. The undeniable truth and increasing tension of 
climate change have forced the world to address this topic. 

1.3 Response to Pollution sources

Government and environmental organization have proposed various solution to 
reducing emission from the pollutant sources as it is the most effective method to 
reduce air pollution. The main pollution sources are listed in four categories, which 
are mobile, stationary, area and natural sources. 6 Natural sources can be neglected 
as it is not possible to be predicted or controlled. Nevertheless, the other remaining 
three sources all have various feasible solutions to reduce pollutant emission.   

While the world still heavily relies on many of these sources, by enforcing emis-
sions regulations or implementing a new cost-effective system are the two major 
approaches to deal with air pollution from the city scale.  In figure 2, the WHO 
“Clean air for health” poster illustrating many cost-effective schemes such as 
alternative power generation and low emission transportation is proposed to be 
implemented and alongside with strict regulations such as enforce energy efficient 
buildings with an improved waste management system to reduce emission from the 
various pollutant sources. Many of these proposals have been realized and put into 
practice. 

4 ‘Paris Agreement’, Climate Action - European Commission, 23 November 2016, https://ec.europa.eu/clima/poli-
cies/international/negotiations/paris_en.
5‘WHO | First WHO Global Conference on Air Pollution and Health, 30 October – 1 November 2018’, WHO, 
accessed 28 March 2019, http://www.who.int/airpollution/events/conference/en/.
6 Health Effect Institute, State of Global Air, 2017. 
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Figure 2  - WHO poster - Clean Air for Health.  The WHO poster illustrating  ways to 
reduce air pollution by either enforcing emissions regulations or shifting cost effectiveness.
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The following three main pollutant sources are implemented with different alterna-
tives to reduce their emittion to the environment. 

Mobile Source - Many environmental conscious cities have now slowly shifted to 
clean modes of power generation by prioritizing rapid urban transit, walking and 
cycling networks in cities as well as rail interurban freight and passenger travel. For 
instance, London recently rolled out a series of plans to reduce the pollution issue 
by increasing the budget on electric charging station to 4.5 million pounds and 
aimed to complete by 2020. Also set up Ultra Low Emission zone (Ulez) to restrict 
traffic in domestic and school area during peak hours.7 Whilst the government is 
gradually reshaping the city transport system with a sustainable approach, many 
automobile industries are shifting to cleaner hybrid low-emissions vehicles and 
electric vehicles. Such as the new Tesla vehicles are completely relying on lithium 
batteries.

Stationary Source - Despite the Paris agreement, Developing countries like China 
and India are still yet ready to abandon coal power plant, one of a major stationary 
source. China has as many as 700 new coal power stations are planned to be built. 
However, some leading countries like Denmark are powering the nation with a sus-
tainable approach. The Danish government has an ambitious plan with the massive 
investment that pledges to phase out coal power completely as early as 2030.8 By 
2020, wind power is expected to reach fifty percent of the electricity consumption 
in the country. In a total of including sustainable biomass and solar energy will 
cover over eighty percent of electricity in Denmark.

Area Source - Area source pollution are often associated with livestock and wood 
burning practice for heating. In the USA, livestock wastes contribute over 80 
percent of the ammonia emission in the country. In response to that, Congress has 
banned farmers from practicing muck-spreading to reduce pollutants near farm-
land.9 Solar water heating system is promoted to implement on existing household 
as a cost-effective alternative. 

7 Future London - Clean Air,  Evening Standard,  2019.  
8 ‘44% Wind — Denmark Set New Wind Energy Record In 2017’, 2018.
9Fiona Harvey Environment correspondent, The Guardian, 14 January 2019
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Figure 4- Wind Farm in Denmark - Denmark is the world’s leading renewable energy nation planning to phase out 
coal power in the next decade. 
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1.4 Response to city context

To address air pollution through the built environment, many cities have new 
building codes to enforce environmental friendly materials and green space in the 
built environment. For instance, since 2012, Taiwan’s new code for building larger 
than 300 square meters will be mandatory to use green building materials by at 
least 30%.10 These new regulations show the idealistic vision on integrating sus-
tainable technologies to the built environment, but the vast majority of the existing 
buildings in the developed cities do not have the proposed system integrated when 
they were built. This poses a great challenge for the developed cities to implement 
these new environmental systems to the existing urban fabric.

Government has been using many revitalisation projects as an opportunity to raise 
public awareness and address the environmental issue on the urban scale. For 
example, the high-line project in New York, acclaimed to be one of the successful 
redevelopment project that transformed dis-used infrastructure with environmen-
tal benefits to the citizens, with figures showing an average of 36.5% in air pollution 
improvement along the High Line compared to the footpath below.11 The results 
may seem promising but behind the High Line, it costed more than a decade to 
realise this project. The project is developed through a cross-disciplinary collabo-
rative approach that requires close involvement of many skate-holders, including 
numerous departments from the government. The project initiated in 2003 and 
kicked off with two rounds of competition that took two years to finalize. The sche-
matic design only started in mid-2005 and the construction work took the follow-
ing eight years to complete all three phases of this 1.45-mile long park.12 The total 
project duration span over a decade and cost nearly 160 million USD.13 The High 
Line may have some degree of imrpovement to the environment, but the time, 
money and resources spent on this project made it not cost-effective.

After the High Line was completed, many other cities follow the footstep of insert-
ing parks and green outdoor space to improve air quality in the dense environment. 
Such as the 335 million USD 10 miles “Dryline” scheme is proposed to address 
climate issue, situated along the waterfront in Manhattan14 and the “Camden High-
line” in London, another railway transformation project that is projected to cost 
50 million pounds.15 The gradual increase of these environmental infrastructure 
proposals evidently show the effort towards a more sustainable built environment 
but they are mostly addressed in the public context instead of integrating with the 
existing buildings. 

10 Mohanty, B. “Buildings: policy Recommendations for the Development of Eco-Efficient Infrastructure”, 2012
11 Ethan, Bourdeau. A combined assessment of air and noise pollution on the High Line, Jan 2016.
12 The High Line, accessed 2019
13 James Corner Field Operations, Diller, Scofidio and Renfro, Phaidon, 2015, Pirnt.
14 ‘Bjarke Ingels Discusses Manhattan’s $335 Million Flood Defences’, Dezeen, 2014
15‘Backers of Camden Highline Project Not Deterred by £50 Million Cost’, Camden New Journal, February, 2018.
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Figure 5  -The 1.45 miles stretch of highline project took more than a decade to complete all three deisgn phases.
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1.5 Chapter Conclusion 

Air pollution has become a grave phenomenon that requires a global effort to 
combat this issue. Government, organizations and related industries have started 
addressing the issue by implementing cost-efficient technologies and regulations 
to reduce emission. There is plenty of existing feasible solution already put into 
practice tackling each individual pollution source. However, any top-down decision 
often involves political will and many other factors, which result in a set back on 
progress for making an improvement to the city. 

Through the built environment, there are many opportunities to address the air 
pollution issue through various scale. From proposing enforced building regu-
lations that would affect the entire city to environmental projects improving in a 
specific region. However, the application of the regulations will only be confined 
within new development and any large infrastructure project with environmental 
benefits can only cover a limited portion of the public space in the city. These two 
methods of improvement in the public realm show that society is moving towards a 
more sustainable future. Through the case study of High Line, illustrate the disad-
vantages of the large environmental proposal which provides limited beneficial im-
pact to the wellbeing of the citizens as it is not the main living environment. Study 
shows urban vegetation reduces air pollution by less than 5 percent.16 Even by with 
most ambitious and unrealistic scheme where all outdoor spaces are covered in 
mature trees would only reduce particles concentration by approximately 7 percent 
to 10 percent.17 This evidently shows the public realm has a limited contribution to 
reducing air pollution. 

As the aim of reducing air pollution is to improve the well being of the citizens, 
research shows throughout the human lifetime, an average of 87% time is spent 
indoors, then another 6% in automobiles, which leaves only 7% of entire life 
outdoors. 18 The equivalent of one half of one day per week outdoors. The figures 
evidently prove by focusing on reducing emission from the emission source is not 
enough. There should also be air filtering implementation on the most inhabited 
living environment of the citizens, which are the existing buildings in the city. 

Knowing that the control of reducing air pollution emission from all sources most-
ly require political will, the decision from the top down perspective would only be 
restricted to tackle air pollution through the scope of the city as a general approach 
to improve well being of the citizens. On the contrary, perhaps there is a lack of 
interventions and proposal that can be applied directly and independently to the 
existing city fabric.   

16 Salmond, J.A ,“Health amd climate related ecosystem services provided by street trees in urban environment’. 
Environmental Health. S36.
17 McDonald,A.G ‘Quantifying the effect of urban tree planting on concentrations and depositions of PM10 in two 
UK conurbations’ Atmosphereic Environment. Vol 41(38) 455-67. 
18 Neil E Klepeis., ‘The National Human Activity Pattern Survey (NHAPS): A Resource for Assessing Exposure 
to Environmental Pollutants’, Journal Of Exposure Analysis And Environmental Epidemiology 11 (24 July 2001): 
231. 
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Chapter 2

Air Purifying System 
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2.1 Introduction

The conclusion of the previous chapter shows top-down decision has most control 
over all air pollution sources with restriction of proposing implementation from 
the overall scope of the city. The proposition focuses on the cause of the emission 
rather than the living environment of the citizens. This shows there is a lack of air 
purifying interventions and proposal to implement on existing city fabric. Howev-
er, in recent years there is a number of interventions proposed as solution inte-
grates as part of the city.

This sets out my intention to research on new purifying intervention and examine 
the individual performance, requirements and implementing potential to existing 
building context. This chapter will begin by investigating the existing implemen-
tation of the air filtering system and identify air pollution in relation to height in a 
dense environment. The research will then focus on two types of the purification 
system, which are mechanical and horticultural methods. The traditional appli-
cation for air purification is limited and mostly either rely on passive or active 
ventilation within a confined indoor environment. In contrary, natural purification 
technique is another frequently used application as it not only purify the air but 
with additional benefits for the physical and mental state of well being.

The research will examine the overall performance, requirements, and adaptation 
to the built environment. The analytical research will be separated into two catego-
ries, which are mechanical and natural technique.  The assessment for each inter-
vention will be assessed with a consistent format of six variables to evaluate their 
advantages and drawbacks. The six variables are the effective parameter, adaptabil-
ity, implemented location, requirement of infrastructure, the requirement of access 
and other additional benefits. The comparable results will provide a better under-
standing of how and where each method should be implemented to perform best in 
the built environment. These indications will help formulate a design guideline of 
air purification system integrated to existing city context. 
  
The following criteria are the six variables to be assessed.
1 Effective perimeter - Absorb rate of air pollutants through the system.
2 Adaptability - system’s flexibility to configure in the different built environment
3 Location -  Applicable condition for implementation of the system. 
4 Infrastructure - System requirement of outsourcing energy or substance input.
5 Access - System requirements for repairing. 
6 Additional Benefits  - Other means of positive impact to the user’s well-being 
through the system.
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2.2 Existing air filtering techniques 

Currently, the most commonly used air purification system is often inte-
grated with the mechanical HVAC (Heating, Ventilation, and Air Condi-
tion) system and mostly apply to the indoor environment. The purifying 
system can be broken down into three different forms, which are filter 
based units installed in HVAC furnace system, duct-based units as sepa-
rate unit install to air duct path or stand-alone system installed to attics or 
closets with additional air intake and exhaust into the building.19 The first 
two methods may seem great as it is integrated into the ventilation sys-
tem, however, there are multiple disadvantages that they commonly share. 
Firstly, both methods are limited to the design of the HVAC unit. In order 
to function, the unit has to be constantly running in order to purify the air, 
which is cost and energy inefficient. In addition, from the maintenance per-
spective, these filtering systems are difficult to maintain as furnace system 
are not easily accessible and hard to replace, which could potentially cause a 
build-up of mold or bacteria within the filter medium that may have a neg-
ative impact to the inhabitants. On the contrary, the separate unit, however, 
function as an independent system which can be replaced more easily with 
a lower cost and more efficient effect to a designated environment. 

The current implementation of the air purification system in building indi-
cates that a separate unit is the best option to provide efficient clean air to a 
controlled environment as it runs independently from the HVAC unit.

2.3  Air quality in relation to height 

The trends of buildings upwards in the densely populated urban environ-
ment can create and worsen the street canyons as it becomes more promi-
nent.20 In figure 5, Study of pollution level reading by the roadside on var-
ious level illustrates particulate matters reduced approximately 50 percent 
to 60 percent between the ground and fourth floor. Beyond the fourth floor, 
the data indicates that there is no further significant reduction in NO2 con-
centrations with height.21 As the pollutants travel to higher levels, cold air at 
high altitude will rapidly cool down the warm air from street level and trap 
the pollutants below the boundary of the inversion layer as shown in Figure 
6. With the flat terrain at a higher altitude, the high-velocity wind will then 
carry the particles away and spread to other parts of the city.

As the local pollution originates from buildings and street level, suggesting 
intervention aiming to reduce air pollutants in the city should be imple-
mented at lower levels for air intake to maximize efficient catchment of 
particulate matters. By tackling the pollution locally, this can prevent and 
reduce pollutants escaping from low altitude and travel to other parts of 
the city. This strategy implementing on a small scale will not only imporve 
the air quality locally and also contribute less emission in the context of the 
city. 

19 Reade, T., “city air quality at height”, 2017.
20 Patania, F., “Air quality in street canyons: A case study”, 2009.
21 “Air quality monitoring guidance”, 2018.
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Figure 5  -Roadside pollution monitoring profile with height shows average air pollution above fourth floor has an 
approximate of 50 to 60 percent reduction compare to street level.

Figure 6- The effect of intervsion layer at different level. Illustrating pollution generated under the inversion layer 
tends to be trapped on the lower level of the atmosphere.  
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2.4 Machenical Air Purification Methods

The common practice of air purification system for domestic purposes are mostly 
mechanical. The filtering techniques can be separated into active and passive air 
purification.

2.4.1 Active Purification Method 

The seven-meter tall Smog Free Tower adapted the active purification technique, 
using electrostatic precipitator to produce smog-free air in public spaces, allowing 
people to enjoy clean air in the outdoor environment. It is equipped with solar pan-
els to supply the power for the air input to the tower, the air drawn into the tower 
from the top will then be ionized. Then clean air would come out from the bottom.  
The tower is capable of cleaning thirty thousand cubic meters of air per hour. The 
Smog Free Tower provides a local solution for clean air such as in parks and public 
spaces. The function of the tower has been validated by the results compiled by the 
Eindhoven University of Technology. 22

The active purification method consists of electrostatic precipitator that releases 
negatively charged ions to collect harmful pollutants, instead of earthed onto other 
surfaces. However, the charge acquired by a particle is approximately equivalent 
to its surface, therefore small particles acquire greater charges than large particles 
relative to their mass.23 Thus a well designed electrostatic precipitator should be 
capable of cope with a wide range of particle size. During the process of purifica-
tion, a small amount of Ozone (O3) as bi-product is generated and may raise health 
concern if inhale regularly. The maintenance requires hosing the collector plates 
with water if oiled then is solvent then re-oiled. 

22 “Smog Free Tower”, Studio Roosegaarde, 2018 
23 G. Nonhebel, “Gas purification process for air pollution control”. page 579
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tower is 55 to 75 percent cleaner than the rest of the city.

Smog Free Tower activated in China to purify polluted air in the city.

4 square miles.

Photocatalysis is an oxidation process in which the catalyst is activated by UV radiation, 
resulting in the oxidation of gaseous contaminants to water and carbon dioxide. 

them are utilize for indoor purpose. Outdoor proposal has only just 
been recently realised. 
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Figure 7  - The Xian smog toweor project was to find an effective, low-cost method to artificially remove pollutants. 
from the atmosphere.
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2.4.2 Passive Purification Method 

The passive technique consists of using fabric filters. Layers of fabric filter which 
can be employed with felts, woven materials, animal and vegetable fiber laps. More 
advanced purifier would be using high-efficiency particulate absorber (HEPA), 
which meets the standard National Institute of Occupational Safety and Health 
(NIOSH) that can trap 99.97 percent of dust particles that are 0.3 microns in di-
ameter.24 The fabric filters are not always cleanable, although some  paper and felt 
filters can be vacuum cleaned or rinse through organic solvent and water.  

The Xian smog toweor project adapted the passive purification technique. The 
tower is over 100 meters high and claimed as the world’s biggest air purifier, which 
has brought a noticeable improvement in air quality to the local neighborhood.25 
The filtering system is mostly powered by the solar panels deployed on the rest of 
the site during the day with little power input in the evening. The polluted air is 
drawn in from street level to high-temperature chamber to create stack ventilation 
to bring air through layers of filters and exit from the top of the chimney. The tower 
has claimed to produce approximately ten million cubic metres of clean air a day 
since its launch.

24 G. Nonhebel, Gas purification process for air pollution control. 1972, page 578
25 ‘China Fights Big Smog with Big Air Purifier’, 2018
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Figure 11 - Passive Machenical Method - Fabric Filtering Diagram

Figure 9 - The Xian smog toweor project was to find an effective, low-cost method to artificially remove pollutants. 
from the atmosphere

Figure 10 - Table showing different efficiency of as higher efficency filter can filter out smaller particulate matters 
down to 0.1 microns. 
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2.4.3 Mechanical Air Purification Method Comparison

The two mechanical purifications both consists of a relatviely high purifying rate 
with a respective number of 417,000 cubic metre of air per hour on the 100 metre 
tower, 26 and 30,000 cubic metre for the 7 metre tall tower. However, the filter based 
system has a much higher gearentee of capturing pollutants with sizes down to 0.3 
microns, where as the ionization process is is less consistant as some particles may 
escape through the system.  

In the case of maintenance, the active method mostly requires hosing and solvent 
which requires the space and knowledge to clean. The passive technique would 
only require regular replacement for new filters, which is considered a much ideal 
method to be practice in residential buildings. In addition, the passive method 
produces no by-product, in contrary, a small amount of O3 is produced during the 
process of ionization in the active method is considered harmful to the well being 
which is not advisable to be deployed near human activities,27 which suggests it is 
not suitable to place near living environment.

26 “China Fights Smog with Big Air Purifier”, 2018
27 G. Nonhebel, “Gas purification process for air pollution control”. page 579
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Figure 13 - Passive mechanical air purification assessment 
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2.5 Natural Air Purification Methods

Apart from the mechanical purifying technique; natural greenery has become 
another alternative for air purification. The following case studies will assess mi-
cro-algae and moss, the two more recently proposed natural system for air purifica-
tion.   

2.5.1 Moss 

Moss is proven to be one of the most efficient plants with the highest air pollut-
ant absorb rate as moss is often used as bioindicators of air pollution stress. Moss 
distribution around SO2 sources evidently shows that they are highly sensitive to 
gaseous pollution. The difference in annual SO2 absorption between different types 
of mosses varied ranged from 400 to 4000-fold.28 Though, moss has been utilized 
in a conventional way as decoration purposes rather than fully using its potential. 
In this case, the design of this intervention hybridize the fundamental feature of 
moss and sustain the photosynthesis cycle with a self sustain mechanical system. 
The solar panel on top would power the fan for consistent air flow through the 
moss wall meanwhile supporting the closed loop irrigation system. The humid 
moss facade not only reduces air pollution but also produces a cooling effect on the 
surrounding context. The maintenance of city-tree would be low as the whole sys-
tem is completely self-driven.The slim design with integrated public bench feature 
showcases the possibility of the application of moss merging with the existing built 
environment. ment. 

A recent proposal by City-tree developed by Green City Solution has maximized 
mosses potential. The proposed intervention is a vertical double-sided green wall 
filled with 1,682 pots of moss which catches particulate matter, soot, and dirt from 
the air. The polluted air at street level is mechanically pushed through the moss 
walls with built-in fans powered by solar panels on the top. There is also a closed 
cycled watering system within the city-tree which keeps the moss alive. The design-
er claims a single City-tree can clean equivalent to the work 275 trees and it only 
relatively only takes up 1 percent of the space. The designer claims each interven-
tion can reduce the local particulate matter by 30 percent, filtering at the rate of 330 
cubic metre per hour which can absorb as much as 250grams of particulate matters 
per day. 29

28 W. E. Winner, “Annual Absorption of Gaseous Air Pollutants” , page 427
29 ‘Solutions - Green City Solutions”, accessed 20 April 2019
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A system for purifying a polluted air by using algae such as Spirulina is capable of 
reducing carbon dioxide (CO2), nitrogen oxide (NOx) and/or sulfur oxide (SOx) in the 
polluted air and generating oxygen. �at is, this system comprises a culture tank �lled 
with a culture �uid including the algae, an air supply unit for forcing the polluted air into 
the culture �uid to dissolve carbon dioxide and nitrogen oxide and/or sulfur oxide in the 
culture �uid, and a lighting unit for radiating a light to the culture �uid. By radiating the 
light to the culture �uid in the presence of carbon dioxide, photosynthesis of the algae is 
promoted to convert carbon dioxide into oxygen. In addition, the algae use the nitrogen 
oxide and/or sulfur oxide as a nutrient during the photosynthesis. As a result, the present 
system can e�ciently purify the polluted air to generate a puri�ed air, which is rich in 
oxygen.
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around 95$ whereeach moss tree cost 
2800$.  
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Figure 15 - Natural Purification - Moss System Diagram

Figure 14- Citytree can be deployed at dense urban cities where trees are not able to be planted
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2.5.2 Micro-Algae 

Space 10 innovation lab showcased at the annual Chart Art Fair in Copenhagen 
in 2017. Their concept piece of micro-algae dome, demonstrating its potential on 
how residential buildings could be used to grow large quantities of micro-algae 
to purify air pollution with side benefits of providing nutrition for the residents 
living within it. First, the growing process of algae has air purifying effects to the 
surrounding atmosphere as it can reduce greenhouse gases by turning carbon 
dioxide into oxygen during the process of photosynthesis.30 

Microalgae is one of the fastest growing organism in the world.31 The algae dome 
is a closed loop design with an air pump using dependent power input to supply 
carbon dioxide into the circuit as nutrients to allow photosynthesis and air then 
vent out from the end of the cycle. Throughout the three day period at the fair, 
450 liters of green micro-algae was produced. As system maintenance, it does not 
require any physical repairs as the design uses simple material such as clear plas-
tic pipes and plywood for structural support. However, water is required to be re-
filled and the micro-algae will need to be removed as it grows in size dramatical-
ly; some micro-algae can double in size in less than 6 hours.32 The by-product is 
simply a reproduction of micro-algae. In this case, it is showcased as high protein 
supplements to tackle malnutrition issue of our well being, including vitamins, 
minerals and amino acids.33 The implementation of this design created a semi-in-
closed space for the visitor to experience it both from the inside and outside. As 
the medium in liquid form, it is extremely flexible to apply on existing building 
fabric as long as the system provides air ventilation and sunlight. 

30 Jansen, K. “Algae as filter for air quality in buildings”, 2016, page 11
31 Solar energy research institute,“Fuels from microalgae”, 1989, page 5
32 “The Algae Dome: A Food-Producing Pavilion”, accessed 20 April 2019 
33 Solar energy research institute,“Fuels from microalgae”, 1989, page 17 
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Figure 19- Natural Purification - Micro-algae system diagram 

Figure 16 - The algae dome demonstrating its flexibility to integrate with architecture.

Figure 17 - Algae consist high protein, which can be 
used as ingredient for cooking.

Figure 18 - Algae in fluid form can be implemented on 
different surfaces. In this case as a facade system.
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2.5.3 Natural Air Purification Method Comparison

The two natural purification methods not only purify the air but offer extra 
benefits to the environment and well being, which could potentially replace the 
conventional mechanical filtering system. The efficiency of 18 square meter city-
tree moss bench can process as much as 330 cubic metre of air per hour, whereas 
the algae dome can process about 250 grams of CO2 per day. Both methods of air 
purification require air ventilation, however algae dome, in this case, is relying 
on power from outer source instead of solar-powered like the city-tree. City-tree 
requires little maintenance as it consists of a self-sufficient irrigation and power 
system.  However, the algae dome would require a regular inspection as the algae 
would grow in size drastically and affect the air cleaning efficiency rate. City-tree 
does not have any by-product but has a cooling effect to the surrounding context 
as the water from self irrigation system vaporized, whereas algae dome would 
replicate more algae which require removable for an efficient air cleaning rate. 
The unique characteristics of both natural medium demonstrate their flexibility 
for application in the built environment. Moss is highly adaptable in different 
lighting condition and easy to grow as it does not require soil to grow on, which 
suggest it is applicable for both indoor and outdoor. Whereas algae is in liquid 
form which can be in any form but require ventilated air and sunlight, The de-
pendency of sunlight would limit the algae to be applied in outdoor space only. 
City-tree and Algae Dome were both showcased for the public to gain awareness 
that natural means could be integrated into our living environment. It is an op-
portunity to spread the message to the public and a platform to generate a more 
open-ended conversation that may extend and multiply the topic in the cross-dis-
ciplinary subject.
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Figure 20 - Moss purificiation method assessment 

Figure  21 - Micro-algae purificiation method assessment 
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2.6 Summary and Common Issue 

The four case study assessed in this chapter all consists of their own unique meth-
od of purifying polluted air. They were all demonstrated in public to showcase 
their, The exposure not only attracted a lot of attention from the environmental, 
design and architectural media but also elevate the awareness and recognition 
from the general public.    

These interventions were challenging city scale air pollution by using existing 
purification technique to multiply in the city fabric. They may be solving the air 
pollution issue, but still an alienated object that can be read as an add-on infra-
structure to the city. They are only build to purify polluted cities, but with no oth-
er function or association that would benefit the residents in the existing city. A 
generic purifying intervention that could plunge into any part of the world is only 
targeting the air pollutants as the subject instead of working around the citizens 
who are harmed by the pollutants. 

2.7 Assessment 

The summary assessment of four interventions is shown in figure 22. The assess-
ment is set to evaluate each intervention with six factors to formulate a design 
guideline of air purification system to integrate with existing residential context. 

The first move is to identify any factors that may cause harm to the well being of 
residents in the building. The By-product generated by the electrostatic precipi-
tator (active purification technique), produce a small amount of O3 which would 
affect the well being if expose under a long period of time. This factor alone has 
simply eliminated the electrostatic precipitator as a consideration to the design 
guideline for residential context. The remaining three purification methods are 
then compared and examined.

The fabric filtering system has the most efficient purification rate, however the 
adaptability seem to be restricted to the size of the mechanism, whereas natural  
methods can be applied on more flexible surfaces. The fabric and moss system 
have both integrated with solar panels to power the internal system apart from 
the Micro-algae dome which depends on outer source, which also seems to reflect 
on the requirement of maintenance. In contrary to the by-product of electrostatic 
precipitator, the micro-algae dome can reproduce more algae which can provide 
high protein nutrients to solve malnutrition issue. Lastly, the location of natu-
ral intervention would perform better if in an outdoor environment with direct 
sunlight and fabric filtering technique can be applied both indoor and outdoor as 
long as there is room to accommodate the system and enough air flow for filtra-
tion. 
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2.8 Design Guideline

The design guideline is formed by the following points that summarise the assess-
ment and investigation in this chapter.

1 - The air purification system should avoid integrate with existing HVAC system.

2 -  It is best to propose efficent air purification system closer to street level to 
filter higher quantity of particulate matters.

3 - The air purification system should not consist of or generate any elements that 
could cause risk or harm someones well being.

4 - Self-powered infrastructure can allow the system to function independently 
instead of relying on an outer source.

5 - Mechanical technique has high efficiency suggesting to implement at a highly 
polluted environment.  

6 - When applying mechanical method, ensure there is sufficient space acquired 
for mechanical parts to fit in. 

7 - Mechanical technique would also require higher power input to generate suffi-
cient wind flow to filter polluted air. 

8 - When applying natural method, ensure there are sufficient natural sunlight 
and water supply to extend the longevity of this implementation.   

9- Natural method is proven to be beneficial on multiple aspects of wellbeing, this 
suggests it is suitable to implement near human living environment.  

The design guideline is then applied and implemented on the existing context of 
Athens, Greece.  
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Chapter 3

City Context - Athens, Greece
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3.1 City context & pollution

Follow by the previous assessment of various air purification techniques, the guide-
line is formulated to help design the air purification system that functions indi-
vidually and benefits in multiple scales of the city. This chapter will be addressing 
the existing environment, issues, and context of Athens, Greece; where the design 
guideline will be tested. 

Athens has always been a popular destination for holiday. It is famed for its ancient 
citadel, Acropolis in the centre of the city. Ever since the economic crisis in 2007, 
the city has not been able to recover to its original state. The total of three bailouts 
adds up to a national debt at the sum of 330 euro. As the recession bites, it also has 
a grave impact on the air quality of the city. The concentration of air pollutants in 
Athens have reached as much as 15 times the level recommended by the European 
Union in 2013.34 Several changes have made by the government has turned Athens 
into an air polluted city. Firstly, lifting the diesel car ban in 2012 and lower taxes on 
diesel fuel acted as a huge incentive for those struggling with travel costs. Amongst 
new car sales diesel leaped from less than 20 to over 60 percent, but, so far, eco-
nomic pressures have reduced traffic volumes averting a possible deterioration in 
air pollution.35 However, a tripling in the cost of heating oil brought about larger 
changes as hard-pressed Greeks have switched to burning wood.36 During winter, 
particle pollution increased by around 30 percent in Thessaloniki in 2013 and air 
toxicity worsened on evenings when fires were lit. Analysis of wintertime air in 
Athens shows that it is not just logs that are being burnt. Along with chemicals 
from wood burning, scientists found lead, arsenic and cadmium particles, showing 
that people are burning treated wood and other flammables to keep warm.

Apart from the economic standpoint, the physical context of Athens also has very 
little contribution to the environment. The city consists of little outdoor green 
space, with an average of less than 8 square meters of green space per resident.37 
Town planning survey shows green spaces make up 10.3 percent of Athens total 
area. In comparison to London, 47 percent of greater London is green with 33 per-
cent of natural habitat in open space.38 In central of London, various size of green 
pockets that are available to enhance citizens outdoor experience, from the size of a 
park to a square and even a small communal garden. This is what Athens is lack of 
in city planning and that is perhaps also the reason why there are very little out-
door space to inhabit. The city is also a vehicle driven city, where neighbourhoods 
are divided into district with large motorways. The physical segregation creates a 
non-pedestrian friendly city that restricts the walking boundary of the citizens. 
There is public transport in place, such as buses and the underground metro sys-
tem. However, with the lack of maintenance and poor connections discourage the 
citizens to use public transport.  

34 “Athens Air Pollution Found at 15 Times above EU Alert Level”, accessed 20 April 2019,
35  “Air Quality Worsens in Greece as Recession Bites” The Guardian, accessed 7 March 2019, 
36  Nefeli Agkyridou producer Associate, ‘Smog Shrouds Athens as Greeks Choke on Fuel Bills’, 6 January 2014, 
37 ‘Athens among Least Green City Destination” Kathimerini, accessed 20 April 2019, 
38 “47 per Cent of London Is Green Space” The Independent’, accessed 20 April 2019, 
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Figure 23 - Viewing Athens from the top of Acropolis. A flat city with limited greenery and few hills that dominates 
the view. 
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Figure 24 - In contrary to the lack of green space in Ath-
ens; London is a great example, 47% of Greater London is 
green and 33% of London is natural habitat within open 
space. 

Figure 25 - Even the densest part of London offer pock-
ets of gardens and squares that enhances public outdoor 
experience.
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3.2 Response to existing context

As a historic and context-sensitive city, it has a height restriction at 27 metres 
which force majority of the residential areas remain as low rise buildings not to 
obstruct views to the historic monument, Acropolis in the centre of the city.39 The 
general arrangement of residential blocks in the city centre is in rectangular form, 
with two rows of buildings back facing each other with an approximate dimension 
at 30 metres wide and 80 metres long.  In many areas of the city centre, unoccupied 
premises reach up to 40% of the total built surface of ground floor shops and ap-
proximately 37% of the space on the upper floors. 18% of the buildings are entirely 
empty, including many listed buildings. These particularly high rates of empty 
premises are a typical example of the crisis in the city. 40

Typical residential building is approximately around 7~9 metres wide and 12~15 
metres deep, with building material mainly in reinforced concrete or brick infilled 
concrete structure. The front facing facade of the residential building consists of 
deep balcony with large foldable canopy for shading and prevent excess heat to the 
interior space.

In response to the existing building typology, the generic residential typology 
allows a repeated design to be implemented on different buildings. the least used 
spaces by the occupants are the outdoor spaces, where the balcony and the roof 
level. These accessible outdoor space offer great opportunity to integrate with air 
purifying interventions.  

3.3 Climate 

Athens has relatively mild weather with an average daytime temperature from 18 
degree Celsius in January to 38 degrees in August, with a low at 10 degrees and 
13 degrees respectively.  The humidity is high at 70-75% throughout the year with 
average annual wind speed at 15 kilometres per hour, and average precipitation at 
25mm per month.41

In response to the climate condition, the microalgae purification technique re-
quires a large amount of water to sustain the system. It would seem to struggle 
in this climate as the average day temperature is high with moderate wind speed, 
which would most likely to either evaporate the water at a very high rate or would 
require a substantial amount of water to keep the system to function.42 Therefore 
the micro-algae technique is determined not suitable for this climate and will not 
be tested in this context. This leaves two assessed techniques which will be carry 
forward to be tested, which are the moss and passive mechanical method. 

39 “Greek Authorities Set Height Limit For Buildings Near Acropolis”, accessed 20 April 2019, 
40 “Real Estate’, Athens Social Atlas”, accessed 19 April 2019
41 “Athens Climate” 2019 
42 Solar energy research institute,“Fuels from microalgae”, 1989, page 22
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Figure 26,27,28,29 - Number of unfinished building left abandoned in the city centre. 

Figure 30 & 31 - The generic city block and residential building profile provides a great opportunity for the pro-
posed system to be replicated elsewhere. 
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3.4 - Chapter Conclusion

Athens is a heavily polluted city with immediate action required to reduce air pol-
lution. The challenging context of the city and climate has narrow down the air pu-
rification methods to filter and moss based filtering system. The proposal will aim 
to maximise the performance of the air purification system by taking into account 
of the urban context and local climate. These information will help inform and help 
formulate a more catered design for the city of Athens. 

Many of the existing context information is crucial to help develop a strategy for 
the proposal. The following points are additional guidelines derive from the re-
search of Athens, that would help develop a better ingeration proposal. 

1 -  Proposal should not exceed building height regulation. Athens is a historical 
city with strict rules that do not allow buildings to exceed the limit of 27 metres as 
it may obstruct views to the Acropolis, which suggests proposal should not exceed 
such altitude.
 
2 - Large numbers of vacant properties and flats spread across the city can be seen 
as an opportunity to introduce horticultural spaces within the local region.

3 - The generic profile of the residential buildings allows repetition in modular or 
systematic design for integration and multiply to city scale. 
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Chapter 4

Air Purification System Proposal
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4.1 Overview 

The air purification system proposal is a series of speculative systematic air pu-
rification interventions that integrate with the residential context in Athens. The 
system aims to function within the individual household but also has a certain level 
of contribution to addressing air pollution on the city scale. The proposal will not 
only rely on the design guideline formulated by the assessment in chapter 3 but also 
reflect on the existing context in chapter 4. The proposal is designed specifically for 
Athens as a demonstration to showcase how the system can reduce air pollution on 
multiple scales. It is not intended to be replicated and applied elsewhere. 

4.2 General Strategy

The air purification system is proposed to be tested on one single residential block 
in the city. The aim of the systems will be focus on reducing air pollution on the 
exterior part of the building as most existing building already consists of interior 
ventilation system. The integrated system must not only benefit the local residents 
and pedestrians but also reduce the pollution emitted to the city, benefit the city on 
multiple scale. 

The generic profile of the residential blocks in Athens has added its character to the 
city. It has become very recognizable building typology, which suggests the front 
facade can only allow minimal implementation of the system and not to destroy the 
appearance of the building. The back of the building is normally adjacent to anoth-
er back facing building leaving with a small narrow gap vary between two to five 
metres, offering a generous amount of indirect and shaded space with a relatively 
cooler condition comparing to the roof or the front of the building. The roof is 
often only occupied occasionally, offering a flat horizontal plane to work with. Va-
cant property on any level can also be integrated as part of the system. The design 
proposal will include a series of intervention catered for each of these spaces. 

As the application surfaces on the front and back of the building consist of deep 
balcony; the horticultural method is the most suited option to be implemented 
on these locations as it requires shaded condition. In addition, residents can have 
multiple well-being benefits from the vegetation apart from purifying the air. The 
empty levels and the narrow vertical alley in the back of the building offer great 
spaces to implement mechanical filtering system since it consists of a directional 
channel that draws air from polluted streets level to the upper level of the building.
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Pollution at Street Level

Wind Direction

Pollution at Street Level

Figure 32 & 33 - Deep balcony and colourful shading canopy is a iconic and recongnizable resi-
dential typology in Athens. 

Figure 34 - General strategy of zoning showing where natural and mechanical method will be implemented. The diagram also illustrate the 
speculated air filtering  

Polluted Air
Filtered Air
Proposed System
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4.3 Interventions
 

Intervention 1 - Moss Screen

The proposed moss glazing unit offers various natural lighting condition to the in-
terior. The polluted air would be reduced through the moss screen before entering 
the building. The screen is intentionally integrated with the glazing unit is to have 
it avoid direct sunlight in the front to reduce maintenance and maintain maximum 
efficiency. As balcony is an easily accessible space to the residents, the irrigation 
system is designed to only diffuse mist to keep the humidity level high and keep 
the temperature low, as for occasional irrigation is required to be carried out by the 
residents.  

Figure 35 - Moss Screen implemented on the front facade.
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4.3 Interventions

Intervention 2- Modular Facade Planter

The back of the building has a shallower balcony with less direct sunlight. A mod-
ular customizable facade planter that clamps on to the railing to prevent blocking 
accessible space on the balcony. The upper level of the planters can be customized 
according to the resident’s preferences. The lower part of the planter is a fixed moss 
panel which is acts as an air filter.

Figure 36 - Modular Facade Planter implemented on the back of the building. 
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4.3 Interventions
 

Intervention 3 - Water storage 

The water storage consists of several technologies to produce water and collect 
pollutants at a higher level of residential building. Using wind turbine and solar 
panel to generate power to draw humid air to the condensation chamber. As the 
warm air cools in the chamber, the water vapor condenses on the side and flow 
down into the water storage tank for irrigation. A fabric filter is applied on all sides 
of the wind turbine to catch pollutants at a high level as it passes through. The filter 
is designed in a radial formation to provide optimal wind flow through the turbine 
into the condensation chamber. The system is self-powered with low maintenance 
and the fabric filter is detachable and reusable after washing with clean water.  

Figure 37 - Water collection system instegrated on the roof level of the building.
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4.3 Interventions

 

Intervention 4 - Filter tower 

The filter tower is installed in the back of the buildings. The tower is designed as 
a two parts system, firstly it diffuses water into polluted air at high altitude using 
droplets to merge with particulate matters and bring to the lower level. This allows 
the chimney to bring more particulate matters from ground level and filtered 
through, then clean air is released at top of the tower. The chimney consists of 
fabric filter at HEPA standard purifying air at high-efficiency rate. The tower uses 
wind power to drive the chimney turbines and condensation system similar to 
intervention 3 but at a larger capacity. The tower is also connected to the outer 
water source in case of water shortage during the dry season. It also has a cooling 
effect during the summer season as the mist brings the temperature down to the 
surrounding environment. The maintenance of the tower is low as most parts are 
automated, only filters will require cleaning on a monthly basis. 
 

1 - Vertical Turbine (Roter Darrieus H)

Mist Di�user 

2 - Water Dondenser   
3 - Internal Turbine
4 - Electric Supply

5 - Water Condenser Radiation Protection 
6 - Water Condenser
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Figure 38 - Filter Tower installed on the back of the building. 
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4.4 Proposed system

The proposed air purification system are using two types of methods, the mechani-
cal filter based system is situated on the ground floor and extend to the back of the 
building, whereas the horticultural moss technique is integrated on the front and 
back balcony of residential level.

The system is designed to clean the air pollution from the surrounding environ-
ment along with other side benefits to the residents. The majority of air pollutants 
from street level is going to be filtered via the mechanical system since it is most 
efficient for filtering particulate matters. The pollutants on street level will be venti-
lated horizontally from the front to the back of the building. As air passes through 
the ground level and purified with high-efficiency interchangeable filters, purified 
air is then ventilated vertically upwards and released at the higher residential level. 
This system will not only reduce pollution at street level but also provides filtered 
air for the residential level. However, it is not possible to capture all pollutants from 
street level by relying on the mechanical system as some of them may escape to a 
higher altitude. Therefore two types of horticultural purification intervention, moss 
screen, and modular facade planters offer an additional layer of filter with shading 
and cooling effect to the balcony and interior space.  

The infrastructure supporting all the interventions are located on the roof level, 
as it is least frequently used by the residents and the open air and natural sunlight 
environment are ideal for the infrastructure of both mechanical and horticultur-
al system. The infrastructure includes solar panels, wind turbine, and the water 
collection system. The mechanical filtering system will be powered by solar and 
wind turbine whilst the horticultural purification system is relying on the irrigation 
system supply by the recycled water storage.  

As for maintenance, the filter and the fan of the mechanical system are designed to 
be at the front of the ductwork, which provides easy access for a filter replacement 
or regular maintenance. The horticultural system on residential levels is proposed 
to be maintained by the residents as it only requires irrigation and also not accessi-
ble for the public. Insfrustcutre on roof level will require regular maintenance as it 
is exposed in outdoor condition.

There are several drawbacks identified in this proposal. The fan in the mechanical 
system may produce noise to the street level, but it can be resolved by adding a 
wind maze in the ductwork to insulate the noise. The proposed system also consists 
of many infrastructures which will require regular maintenance, which will in-
crease the average cost on the proposal.
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4.5 System in relation to context 

The speculative proposed system demonstrates many benefits and potential to the 
future air purification system on the city scale. 

1 Adaptability - The proposal has full integration to the context and maximize the 
possible surface to purify the air. The adaptability of the system proves itself that it 
is possible to work with the living environment unlike the case study interventions; 
demonstrated in public that disassociates itself with the built and living environ-
ment.  

2 Reachability- The proposed integrated system is tackling pollution in the residen-
tial context. Since the building typology in Athens is generic with little variation., 
this system has the potential to be multiplied on a city scale.

3  Benefit on multiple scales - The result of this implementation would reduce the 
surrounding pollution level and improve the well being of local residents. Since air 
pollution is filtered and purified locally, which shows the overall pollution contrib-
uted to the city is also reduced. 

4.6 Chapter Conclusion 

The proposed interventions tackle air pollution on two different scales. The in-
terventions proposed are working as integrated system into the existing building 
context. The system consists of both mechanical and horticultural method that is 
implemented at location where they are best suited to maximise their performance. 
The system not only benefit the well being of the local residents but also reduces 
the overall emission from the local context. However, this proposal remain as a 
speculative system, which will need to be tested on site to aquire accurate results 
and readings for further development. 
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Chapter 5

Conclusion 
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5.1 Conclusion

In response to global air pollution, the government has addressed it from the top 
down perspective with new regulations and implement new cost-efficient tech-
nologies to reduce pollution. However, all these ambitious decisions often require 
political will and the proposal are often evaluated to the effect on the scale of the 
city, rather than focusing on the local pollution source. 
 
The emerging air purification interventions have been put to test and implemented 
in public to raise awareness and showcase their potential on the multiplying effect.

This thesis is challenging the conventional system of tackling air pollution with-
in cities by using existing air purification techniques to integrate with residential 
context. Starting by formulating a design guideline through a series of assessment 
carried out on four different case studies of air purification intervention using 
different techniques. Through analyzing these case studies, each demonstrates their 
character and benefits. The filter-based and moss techniques are the two methods 
which are later implemented in the context of Athens, Greece.

The design proposal is built upon the guideline formulated by the assessment with 
careful consideration of the existing context and local climate. The air purification 
system proposed for the residential buildings is a series of interventions aim to re-
duce outdoor air pollution within the residential context, The series of intervention 
is integrated to the exterior of the building that has benefited the residents but also 
the city, which benefits both the residents and the city. However, further investiga-
tion is required to be tested on site before implementation. 

The proposed air purification system for Athens is to demonstrate the latest air 
purification technologies integrate with existing city context will not only benefit 
the residents but also on the city scale. The proposal is not intended to replicate 
elsewhere. It is rather a system which can be altered and re-integrate within other 
cities. 
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