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1. Executive summary 
The underlying study was performed to validate the working of the ‘Smog Free Tower’ in a real-world, urban 

setting. The effect of the Smog Free Tower (SFT) on local concentrations of airborne fine dust were measured at 

the ‘Minyuan Stadium’ (figure 1) in the city of Tianjin (China), from April 2 through 11, 2017. 

 

 
Figure 1. 3D image of the ‘Minyuan Stadium’ in the city of Tianjin (China), where the measurements were performed, 

including the location of the SFT. 

 

1.1 Main results – airborne fine dust removal by means of positive ionization technology 
The air purification systems that are located in the SFT were validated at: 

• PM2.5-reduction: over 50% 

• PM10-reduction: up to 71% 

 

1.2 Main results – local impact of the Smog Free Tower 
Based on a high-resolution computational grid of the SFT and on the measured reductions in fine dust 

concentration in the surroundings of the tower, a Computational Fluid Dynamics (CFD) simulation was computed: 

Images generated from this CFD simulation visualize the reduction of airborne fine dust by the SFT in an urban 

environment (figure 2). 
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In near-zero wind speed conditions, PM10 reductions of up to 70% are achieved near the tower outlets. 

Reductions of almost 45% PM10 are achieved up to a considerable distance downstream, in a circle of more 

than 10 m radius around the tower. PM2.5 reductions of about 50% are achieved near the tower outlets, while 

reductions larger than 25% are achieved in a circle of more than 10 m radius around the tower. The large 

reduction of PM2.5 is of special interest, since smaller particles penetrate deeper into the respiratory system and 

are therefore more detrimental to the health. 

 

 
Figure 2. 3D representation of the CFD simulation depicting the reduction in PM10 (top panel) and PM2.5 (bottom panel)  in 

the surroundings of the SFT, in near-zero wind conditions. The figure is slightly asymmetric due to the imposed 0.01 m/s 

wind speed. 
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In conclusion, the SFT, under stable conditions, generates and sustains a large effect area its vicinity. Within this 

effect area, the concentration of airborne fine dust is significantly lowered at close proximity to the SFT; this 

effect decreases gradually at increasing distance from the SFT.  

 

 

2. Introduction: Air pollution 
Air pollution is defined as “contamination of the indoor or outdoor environment by any chemical, physical, or 

biological agent that modifies the natural characteristics of the atmosphere” (source: WHO). 

Human activities are major sources of air pollution: Industrial processes and traffic movement emit large quantities 

of inhalable and respirable Particulate Matter (PM10, PM2.5, and PM0.1), heavy metals, and various toxic waste 

gasses (e.g., nitrogen oxides (NOx), sulfur oxides (SOx), volatile organic compounds (VOCs), and ozone (O3)). 

These airborne pollutants orchestrate a very complex series of atmospheric chemical reactions, significantly add 

to the overall air pollution level, and thus pose a major burden for public health and the environment. 

 

2.1 Risks and cost of urban air pollution 
Fine and ultrafine dust are increasingly recognized as a public health risk (figure 3). Exposure to airborne 

particulate matter (PM) is associated with increased mortality, reduced life expectancy, and hospital admissions 

due to respiratory and cardiovascular diseases. An estimated 3.2 million annual premature deaths were attributable 

to PM2.5 exposure in 2010, the ninth leading risk factor for early death. In the EU and US combined the monetary 

impact of outdoor air pollution in 2010 is estimated to US$1.7 trillion, in China US$1.4 trillion, and in India US$0.5 

trillion (due to death and illness). 

 

2.2 Battle against urban air pollution 

 
Figure 3. Overview of the health effects of inhaled Particulate Matter (PM).  Following inhalation, PM may cause a range of 
adverse effects, amongst which respiratory, cardiovascular, and neurological diseases. The health-impact of PM increases 
with decreasing size, due to the deeper penetration into the respiratory and/ or cardiovascular system. 
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Urban outdoor air pollution refers to: “the air pollution experienced by populations living in and around urban areas” 

(definition: WHO). High concentrations of airborne pollutants in the urban environment urges governments and 

individual residents to implement measures to eliminate these pollutants from the air. Initiatives such as the ´Smog 

Free Project´, as initiated by Studio Roosegaarde, aim at creating public areas of cleaned air to be enjoyed by the 

general public. 

 

2.3 Measurement of airborne fine dust 
Accurate measurement of airborne fine dust is a highly specialized activity, due to the complex interplay of the 

local environment (e.g., structures that interfere with air flow), actual meteorological conditions (e.g., wind, 

precipitation, temperature, and relative humidity), and various technical issues (e.g., air mixing issues and location 

of the sampling tube to obtain an isokinetic air flow). Moreover, high-end certified equipment is very expensive, 

fragile, and requires proper maintenance and calibration. Despite conscientious execution of measurements and 

taking into account as many variables as possible, a certain degree of uncertainty regarding the outcome of fine 

dust measurements always remains. In the underlying study, great care was taken to exclude and/ or minimize 

undesired effects as a result of such factors/ confounders and technical error. 

 

 

3. Smog Free Project 
The Smog Free Project is developed by Daan Roosegaarde in collaboration with the engineers and designers of 

Studio Roosegaarde, ENS Technology, and advisor Ursem (until 2013). The Smog Free Project is a solution for 

clean urban environments (parks), and serves as a sensory experience of a clean future. After the initial pilot in 

Rotterdam (2015), the Smog Free Project is currently on tour in China (Beijing: 2016 and Tianjin: 2017). 

 

3.1 Smog Free Tower 
The physical implementation of the Smog Free project consists of the Smog Free Tower (Figure 4) designed by 

Studio Roosegaarde. The Smog Free Tower contains an air purification system that is based on ENS Technology’s 

patented positive ionization technology. The Smog Free Tower cleans approximately 30.000 m3 of ambient air per 

hour (this amounts to approximately 263 million m3 per year), consumes only a small mount of electricity, and could 

therefore run on ‘green’ solar or wind energy. 

 

  
Figure 4. The Smog Free Tower, as located at Minyuan Stadium, Tianjin, China. 
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4. Aim of this study 
The aim of the underlying study is to validate the working of the ‘Smog Free Tower’ in an urban setting that 

suffers from significantly elevated concentrations of airborne fine and ultrafine dust. The measurements on which 

this study is based were performed between April 2-11, 2017, at the ‘Minyuan Stadium’ in the city of Tianjin 

(China).  

 

 

5. Results 
Measurements and data processing were performed by skilled and experienced personnel, using certified high-

end measuring equipment, and CFD simulations were performed by the research group of Professor B. Blocken 

(Eindhoven University of Technology, the Netherlands), a renowned academic group that is world-leading in this 

field. 

 

5.1 Validation of the air cleaning capacity of the air purification systems 
‘Aufero’ air purification systems were designed and developed for the efficient elimination of fine and ultrafine 

dust from large volumes of air. To validate the efficiency of the air purification system systems that are located in 

the SFT, concentrations of fine dust (0.3-10 µm aerodynamic diameter) were measured in the ingoing and in the 

outgoing air streams of the individual air purification system systems. By calculating the difference between the 

fine dust concentration in the ingoing versus the outgoing air, the percentage reduction can be calculated (see 

table 1). During all measurements, the systems were operating at full capacity (treatment of approximately 

10,000 m3 air per hour). 

 

System Orientation PM2.5 reduction (%) PM10 reduction (%) 

Aufero-1 North 54 68 

Aufero-2 South-East 53 71 

Aufero-3 South-West 52 65 
Table 1. Summarized reduction efficiencies of the individual air purification systems for PM2.5 and PM10 (percent reduction 

between outgoing vs. ingoing air). 

 

To illustrate the fine dust elimination capacity of the air purification systems, visual inspections of the collection 

plates were performed: Following 7 days of operation after thorough cleaning, a build-up of collected fine dust 

was visible to the naked eye (figure 5).  
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Figure 5. Visualization of immobilized dust on the collection plates of the air purification system, following 7 days of 

operation after cleaning. 

 

5.2 Validation of the air cleaning capacity of the Smog Free Tower 
Following validation of the three air purification systems located in the SFT, their reducing effect on local 

concentrations of airborne fine dust was measured in a 3D grid surrounding the tower (See: Appendix 2.2.2, 

figure 11 and 12).  

 

5.2.1 Measurement of the air velocity 

To analyze the distribution of the treated air in the vicinity of the SFT, the air velocity was measured in the 

horizontal plane between the lamellae in the outflow zone of the SFT (operating at full capacity). The air velocity 

appeared highest in the upper part of the outflow zone, notably in the center and towards the edges (figure 6).  
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Figure 6a. Air velocity as measured at the outflow zone of the SFT. Left, schematic representation of the outflow zone 

(covering 120 degrees), and the measured outflow velocities between the lamellae (grey). Right, average outflow velocity 

between the lamellae in the outflow zone (in m/ s). 
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Figure 6b. Graphic representation of the air velocity as measured at the outflow zone of the SFT: Outflow velocities 

between the lamellae in the outflow zone (in m/ s). 
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Figure 6c. Graphic representation of the SFT, indicating the outflow zone (left: cross section, visualizing the horizontal 

outflow of the Aufero air purification system (light-grey) and the central fan (blue), right: schematic view of the outside, 

indicating the lamellae in the outflow zone in black (numbered 1-13 from top to bottom) and their angle of inclination). 
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5.2.2 Measurements of the PM2.5 and PM10 reduction capacity 

Concentrations of fine dust in the ambient air were measured in the vertical and horizontal plane surrounding the 

SFT (composing a 3D grid). The values obtained were compared to simultaneously measured fine dust 

concentrations at the inlet of the air purification system systems. From the obtained values, the percentages fine 

dust reduction were calculated for each position in the 3D grid. Next, these reduction percentages were included 

in the CFD model, to evaluate the simulations with the measurements. 

 

5.3 Modelling of the impact of the SFT 
Based on a high-resolution 3D-model of the SFT and the measured fine dust reduction efficiency of the air 

purification systems located inside the tower, Computational Fluid Dynamics (CFD) simulations were computed. 

Images generated from the CFD simulations visualize the impact of the SFT on airborne fine dust concentrations 

in an openly exposed area.  

In near-zero wind speed conditions (figure 7), reductions of up to 70% PM10 and about 50% PM2.5 are achieved 

near the tower outlets. Reductions of almost 45% PM10 and larger than 25% PM2.5 are achieved in a circle of 

more than 10 m radius around the tower. Reductions over 30% PM10 and up to 20% PM2.5 are achieved in a 

circle of at least 20 m radius around the tower. 
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Figure 7. Reduction in PM10 (top panel) and PM2.5 (bottom panel)  in the surroundings of the SFT, in near-zero wind 

conditions. The figure is slightly asymmetric due to the imposed 0.01 m/s wind speed. 

 

Since the SFT is situated outdoors, the dispersion of cleaned air depends on the local meteorological conditions, 

with wind being the main driving force for diffusion. Due to mixing with ambient air, the fine dust reduction 

percentage will decrease with increasing distance from the tower. In case of strong wind, the typical distribution 

pattern of cleaned air will be disturbed, resulting in a shift of the effect area to the leeward side of the tower. 

With higher wind speeds (figure 8), the purified air is convected downstream, and reduction percentages 

exceeding 25% PM10 and PM2.5 are found up to at least 5 m downstream of the tower. 
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Figure 8. Reduction in PM10 (top panel) and PM2.5 (bottom panel)  in the surroundings of the SFT, at a wind speed of 3 

m/s at 10 m height. 

 

 

6. Discussion and conclusions 
The Smog Free Project aims to raise awareness about the global problem of air pollution and serves as an 

inspiration for a clean future. This report documents a unique and large scale effort to eliminate airborne fine dust 

pollution in an urban environment, by means of the ‘Smog Free Tower’. The Smog Free Tower is used to actively 

purify city air and may therefore contribute to solve the fine dust problem in cities worldwide. 

 

The positive ionization technology used in the Smog Free Tower was analyzed and found to perform in 

accordance with previous validations: Measured reduction efficiencies for fine dust were up to 70% for PM10 and 

more than 50% for PM2.5: These reductions fall well within the expectancy range at the start of this study.  

By measuring the fine dust eliminating effect in the vicinity of the tower, it was shown that the Smog Free Tower 

generates and sustains a large effect area, in which the concentration of airborne fine dust is significantly 

reduced (almost 45% PM10 and 25% PM2.5 in a circle of more than 10 m radius around the tower). 

Measuring airborne fine dust is complicated by many technical issues (as explained in paragraph 2.3) and highly 

dependent on various local circumstances at the time and site on which the  measurement is performed. A 

certain degree of deviation is to be expected when performing airborne fine dust measurements, since no two 

measurements are the same. The results obtained in the underlying study correspond nicely with previous 

studies.  
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Appendix 1: Positive Ionization Technology 
Positive ionization (figure 9) is a process in which an atom or a molecule acquires a positive charge by the removal 

of one or more electron(s).  When a high voltage is applied to an ionization electrode, this electrode ionizes the air 

in its direct vicinity, causing the air to become conductive (corona discharge). High-energy electrons are 

accelerated through the electric field surrounding the electrode and collide with other atoms or molecules, knocking 

out an electron and thus creating further electron/ positive ion pairs. 

Positively charged ions move towards the grounded (neutrally charged) collector plate, where they cluster to form 

large molecular aggregates. The net effect of this process is that airborne fine dust, chemicals, allergens, and 

biological agents are ionized, collected, and transformed into a coarse dust, thus eliminating the risk of inhalation. 

 

 
Figure 9. System overview: Schematic representation of an ‘Aufero’ air purification system, depicting the positive ionization 
principle, as applied in ENS Technology air purification systems.  

 

A1.1 ‘Aufero’ air purification system 
The ENS Technology ‘Aufero’ air purification system is a filter-less air purification system capable of removing 

Particulate Matter from 60 nanometer (upwards) and mist (for comparison: Conventional HEPA filter-based 

equipment removes Particulate Matter from 350 nanometer upwards, and clogs when wet). Upon entrance into 

the Aufero, airborne pollutants are captured on the collector plate inside the device and transformed into coarse 

dust. The airborne pollutants are thus immobilized, thereby eliminating the possibility for them to be emitted and 

inhaled. Once captured, the coarse dust remains fixed to the collector plate surface, despite gravitational forces 

and shearing forces exercised by the passing air stream. The fine dust elimination efficiency of the Aufero air 

purification system remains constant within the range of fine dust concentration measured in the underlying 

study, and despite the build-up of significant quantities of coarse dust on the surface of the collection plate. 

Additional benefits of the ‘Aufero’ air purification system include: low energy consumption and easy maintenance, 

resulting in a low operational cost. The Smog Free Tower contains three ‘Aufero’ air purification systems. 

  

mailto:info@enstechnology.nlW
http://www.enstechnology.nl/


 
 
CONFIDENTIAL - Do not duplicate or distribute without written permission from Studio Roosegaarde 

 

 
  
 

Visiting address: Grotestraat 41, 5431 DH Cuijk, The Netherlands  |  Postal Address: Torenstraat 28, 5438 AP Gassel, The Netherlands 

T: +31 (0)486 423 378, E: info@enstechnology.nl, W: www.enstechnology.nl  

 

Case study: Smog Free Tower (measurements in an urban environment) 

May 2017  |  Page 16 of 28 

A1.2 Performance and validation: Third party validation 
ENS Technology positive ionization technology has been validated and certified by internationally recognized 

institutes and regulatory agencies (e.g.: Institut für Gefahrstoff-Forschung (IGF), Netherlands Organisation for 

Applied Scientific Research (TNO), Technischer Überwachungsverein (TÜV), Institut für Boden und Umwelt 

(LUFA), Eindhoven University of Technology (TU/e), Wageningen University & Research (WUR), and Buro 

Blauw). 

 

A1.3 Health effects of positive ionization technology 
A lot of information is available online about supposed negative health effects of ionization-based air purification 

systems. However, based on the currently available scientific literature (from randomized controlled trials), there 

is no statistical significance to presume any negative health effects of positive ionization of ambient air. 

Whereas negative ionization technology generates large amounts of ozone (which may cause headache, 

mucosal irritation, eye irritation, dizziness, and nausea), positive ionization technology produces only a negligible 

amount of ozone (well below legal limits). As far as known to us, positive ionization has no negative effects on 

the health of humans and animals. 
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Appendix 2: Materials and methods 
The measurements described in this report were performed on the Smog Free Tower (which was located at the 

‘Minyuan Stadium’ in the city of Tianjin (China)), in April 2017. 

 

A2.1 Materials 
The following equipment was used for the measurements: 

• Fine dust: 

o TSI Optical Particle Sizer Model 3330 is a state-of-the-art and internationally recognized 

system for the accurate measurement of particle concentration and particle size distribution 

o The systems used in this project have been regularly serviced and calibrated (according to 

rigorous factory calibration standards) to ensure measurement accuracy 

o (OPS systems were located inside a Dust Track Environmental Enclosure, Model 8535 (TSI)) 

Type Optical Particle Sizer Model 3330 

 

Manufacturer TSI 

Measurement Fine dust 

Measurement values Number of particles, size and mass 

Principle Optical and gravimetric 

Measurement range 0.3 -10 µm 

Resolution ± 5% at 0.5 µm 

Accuracy ± 10% 

Calibration Annually, calibrated prior to tests 

 

• Wind speed: 

Type Cup-anemometer DS 

 

Manufacturer Wittich & Visser 

Measurement  Wind speed 

Unit m/ s 

Measurement principle Hall effect (using magnets) 

Measurement range 0 – 60 m/ s (start-up speed: 0.5 m/ s) 

Accuracy < 0.1 m/ s 

 

• Wind direction: 

Type Wind pennant DD (Potentiometer) 

 

Manufacturer Wittich & Visser 

Measurement  Wind direction 

Unit Degrees (°) 

Measurement principle Rotation angle 

Measurement range Electric: 350 ± 3° / Mechanic 360° 
continuously 

Accuracy ± 1%  
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A2.2 Methods 

A2.2.1 Air purification system performance and validation 

The three ‘Aufero’ air purification systems that are located inside the SFT were individually validated by 

measurement of the fine dust concentrations in the ingoing and outgoing air (figure 10). Off-line calculation of the 

resulting fine dust reduction efficiency was performed, taking into account the calibration of both dust 

measurement systems and (changes in) background fine dust concentrations. 

 

Performance measurement air purification systems (n=3): 

• Conditions: Ingoing and outgoing air (in parallel) 

• Measurements: 60 minutes 

 

   
Figure 10. Experimental setup for the measurement of the performance of the Air purification system air purification 

systems: The ingoing air was sampled in the direct vicinity of the air intake of the air purification system systems (left panel); 

the outgoing air was sampled in the outflow of the air purification system systems (right panels). 

 

A2.2.2 Smog Free Tower performance and validation 

Following validation of the air purification systems, the fine dust reducing effect of the SFT was analyzed in the 

vertical (figure 11) and horizontal plane (figure 12). Combined, the locations in which measurements were 

performed comprise a 3D-grid, that provided input and reference values for the CFD simulations.  
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Vertical outflow measurement 

• Conditions: Ingoing and outgoing air (in parallel) 

o Ingoing air: stationary, near air intake air purification systems 

o Outgoing air: mobile, at various heights and distances of the SFT 

▪ Distance 1 m; heights 2.7, 2.3, 1.9, 1.4, and 0.5 m 

▪ Distance 0.5 m; heights 2.7, 2.3, 1.9, and 1.4 m 

▪ Distance 0.1 m; heights 2.7 and 2.3 m 

▪ Location: at the center of the outflow zone of the leeward Aufero (0O) 

• Measurements: 30 minutes 

 

 
Figure 11. Schematic representation of the locations in the vertical plane of the outflow zone of the SFT, in which fine dust 

concentrations were measured. 

 

 

Horizontal outflow measurement 

• Conditions: Outgoing air (at two different distances to the SFT, in parallel) 

o Height 2.3 m; distances 4, 3, 2, 1, and 0.1 m 

o Height 1.3 m; distances 11, 10, 6, 5, 3, 2, 1, and 0.2 m 

o Locations (n=3): from the center of the outflow zone of the leeward Aufero (0, 24, and 48O) 

• Measurements: 30 minutes 
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Figure 12. Schematic representation of the locations in the horizontal plane of the outflow zone of the SFT, in which fine 

dust concentrations were measured (top: top-view (top-left: measurements performed at 2.3 m height, top-right: 

measurements performed at 1.3 m height), bottom: side-view). 

 

Consecutive 30 minute measurements of the fine dust concentration were done in the ingoing air of the air 

purification system systems and in the outgoing air at the leeward side of the SFT (figure 13). Off-line analysis of 

the resulting data was performed, taking into account the calibration of both dust measurement systems, 

background fine dust concentrations, and meteorological conditions. 

 

mailto:info@enstechnology.nlW
http://www.enstechnology.nl/


 
 
CONFIDENTIAL - Do not duplicate or distribute without written permission from Studio Roosegaarde 

 

 
  
 

Visiting address: Grotestraat 41, 5431 DH Cuijk, The Netherlands  |  Postal Address: Torenstraat 28, 5438 AP Gassel, The Netherlands 

T: +31 (0)486 423 378, E: info@enstechnology.nl, W: www.enstechnology.nl  

 

Case study: Smog Free Tower (measurements in an urban environment) 

May 2017  |  Page 21 of 28 

   
Figure 13. Example of the experimental setup during the measurements of the SFT: The dust measurement  system for 

outgoing air was located in the outflow of the SFT (panels); the ingoing air was sampled in the direct vicinity of the air intake 

of the air purification system systems (not shown). 

 

A2.2.3 Analysis of the airborne fine dust measurements 

During the period in which the measurements were performed, airborne fine dust concentrations varied between 

140 and 45 µg/ m3 (PM10). For comparison, according to the European Union air quality directive (2008/EC/50), 

the annual mean limit value for PM10 amounts to 40 micrograms per cubic meter (µg/ m3). For PM2.5, the 

annual mean limit value amounts to 25 micrograms per cubic meter (µg/ m3). 

A recurring daily pattern was observed, in which the concentration dropped from a maximum value in the 

morning to a minimum value towards the end of the afternoon, followed by an increase in the evening (figure 14). 

 

Taking into account such temporal differences in airborne fine dust background concentration is essential in the 

performance of reliable measurements: Background values for the actual local fine dust concentration at the site 

of the SFT were therefore continuously measured and included in the analysis. 

 

The efficiency with which airborne fine dust is removed by positive ionization technology differs slightly, 

depending on the aerodynamic size of the particles. As a general rule, larger particles are eliminated with a 

higher efficiency, as compared to smaller particles (illustrated in Table 1). Changes in the composition of airborne 

fine dust may therefore result in variations in measured reduction values (when measured in mass per volume), 

which may partially explain a certain variation in the reported outcome of different studies. Such effects can only 

be minimized by averaging the results of multiple long-term measurements. 
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Figure 14. Example of the variations in time of the absolute quantities and the size-composition of airborne fine dust, on a 

typical day in the period in which the measurements were performed. Depicted are the quantities per bin in µg/ m3 

(aerodynamic diameter: 0.3-10 µm), during 11 consecutive measurements of 30 minutes. 

 

Moreover, the composition of fine dust varied significantly in time: The mass-distribution of fractions with a 

aerodynamic diameter between 0.3 and 10 µm not only shifted in the course of one day, it also changed 

significantly between different days (figure 15). 

 

  
Figure 15. Example of the variations in mass-distribution of the measured fine dust, between different days. Depicted are 

the percentage mass distribution per bin (aerodynamic diameter: 0.3-10 µm), from two measurements at approximately the 

same time period on different days.  

 

A2.2.4 Analysis of the meteorological conditions during the measurements 

When performing measurements of airborne materials, it is very important to consider the meteorological 

conditions at the time of these measurements. The following conditions were included in the CFD simulations: 

temperature, wind speed, and wind direction. These meteorological conditions were monitored and logged at the 

site of the SFT and compared with historic data, as available through https://www.wunderground.com (see figure 

16).  
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• Figure 16. Example of the local meteorological conditions during the measurements, on April 8, 2017 (source: 

https://goo.gl/0rCgNC). 

 

A2.2.5 Modelling of the impact of the SFT 
The SFT was modeled in a high-quality and high-resolution grid (figure 17). Calibration of the simulations was 

performed based on earlier wind-tunnel measurements of gas dispersion and supported by the measurements 

performed on the SFT on site in Tianjin, China.  
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Figure 17. Perspective grid of the SFT.  

 

CFD simulations resulted in high-resolution animations that visualize the flow of the cleaned air inside and 

outside the tower, and the dilution of this cleaned air in the (polluted) ambient air. Figure 18 shows a compilation 

of video captions from these animations.  
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Figure 18a. Video captions from CFD animations. The flow of the cleaned air inside and outside the tower is visualized, as 

well as the dilution of the percentage PM10 reduction (top: contours in a horizontal plane at 1.75 m height, bottom-left: 

contours in a vertical plane through the tower, bottom-right: close up). 
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Figure 18b. Video captions from CFD animations. The flow of the cleaned air inside and outside the tower is visualized, as 

well as the dilution of the percentage PM2.5 reduction (top: contours in a horizontal plane at 1.75 m height, bottom-left: 

contours in a vertical plane through the tower, bottom-right: close up). 
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Appendix 3: Project partners 
A3.1 Studio Roosegaarde 

Studio Roosegaarde is the social design lab of Dutch artist and innovator Daan Roosegaarde and his team of 

designers and engineers who make ideas of future landscapes become reality. Roosegaarde and his team create 

interactive innovations which explore the dynamic relation between people, technology, and space.  

Full information and credits about the Smog Free Project can be found on:  

https://www.studioroosegaarde.net/project/smog-free- project/info/  

 

A3.2 ENS Technology 

Environmental innovation company ENS Technology is a front runner in the development of innovative solutions 

to reduce air pollution. ENS focuses on the application of its proprietary positive ionization technology in air 

purification, fine dust emission prevention, and protection against fine dust exposure. In collaboration with Delft 

University of Technology, ENS has developed innovative technologies for the ionization and collection of air-

suspended dust (PM10 and PM2.5). Concomitantly, various airborne chemicals, allergens, and biological agents 

(Bio Aerosols) are eliminated from ambient air without the use of filters.  

The author of this report (Dr. G. Jenniskens) has also performed the measurements in Tianjin; he is a full-time 

employee of ENS Technology, and has been involved in the measurement and analysis of (bio)aerosols since 

2008. The results of the measurements were processed for interchangeability and transferred to Prof. Blocken at 

Eindhoven University of Technology.  

 

A3.3 Eindhoven University of Technology 
Prof. Dr. Ir. Bert Blocken is Full Professor in the Department of the Built Environment at Eindhoven University of 

Technology (TU/e) in the Netherlands, and part-time Full Professor in the Department of Civil Engineering at KU 

Leuven University in Belgium. His main areas of expertise are urban physics, wind engineering and sports 

aerodynamics. He has published 128 papers in international peer-reviewed journals. He developed TU/e’s first 

Massive Open Online Course, Sports & Building Aerodynamics. He received the 2013 Junior Award from the 

International Association of Wind Engineering, six best paper awards from the Elsevier journal Building & 

Environment (2009, 2011, 2012) and at international conferences and a top-cited author award from the Elsevier 

journal Atmospheric Environment (2010). According to the 2016 Academic Ranking of World Universities 

(Shanghai Ranking & Elsevier), he is among the 150 most cited researchers worldwide in the fields of Civil 

Engineering and Energy Science & Engineering.  

The CFS simulations were performed by Professor Blocken and his team. Based on this research, a manuscript 

for peer-review publication in an international scientific journal is under preparation. For reference to a peer-

reviewed scientific paper on the impact of fine dust elimination by the application of ENS positive ionization 

technology, we refer the reader to: Blocken et al., 2016 

(http://www.sciencedirect.com/science/article/pii/S0167610516304536). 
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Appendix 4: Acronyms and abbreviations 
Aerosol Airborne colloïdal particle (solid or liquid) 

Air pollution Airborne pollution of materials that do not normally occur in ambient air 

Bioaerosol Airborne biologic particle (bacterium, virus, fungus) 

Colloidal Particle that is larger than a molecule (diameter between 1 nanometer and 1 

micrometer) 

Coarse dust (inhalable) Airborne particles with a diameter between 10 and 2.5 micrometer (PM10-PM2.5) 

CFD Computational Fluid Dynamics 

Fine dust (respirable) Airborne particles with a diameter of less than 2.5 micrometer (PM2.5; penetrates  

 deep into the lung alveoli) 

Micro- (µ) = 10-6  

Milli- (m) = 10-3  

Nano- (n) = 10-9  

PM Particulate Matter; airborne particles 

PM10 Airborne particles, smaller than or equal to 10 micrometer 

PM2.5 Airborne particles, smaller than or equal to 2.5 micrometer 

PM0.1 Airborne particles, smaller than or equal to 0.1 micrometer 

SFT Smog Free Tower 

Suspended particles General term for air pollution 

Total dust  All airborne dust combined (PM100) 

Ultrafine dust Airborne particles with a diameter of less than 0.1 micrometer (PM0.1) 

WHO World Health Organization 
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Building Physics and Services 
 
Den Dolech 2, 5612 AZ Eindhoven 
Postbus 513, 5600 MB Eindhoven 
Internal address: Vertigo 6.B14 
www.UrbanPhysics.net   

 

Subject 

Declaration concerning research  

findings on the “Smog Free Tower” 
 
Date 

10 May 2017 
 
Contact 

Prof.dr.ir. Bert Blocken 
b.j.e.blocken@tue.nl 
 
 
 

 
This is a declaration issued by Prof.dr.ir. Bert Blocken, the head of the 
research team Urban Physics, Wind Engineering & Sports 
Aerodynamics at the Department of the Built Environment of Eindhoven 
University of Technology, the Netherlands, and also professor in 
Computational Fluid Dynamics for the Built Environment at the 
Department of Civil Engineering at Leuven University in Belgium, 
concerning obtained research results on the project “CFD analysis of 
the performance of the Smog Free Tower”.  
 
The goal of the research project was to analyze the potential of the so-
called “Smog Free Tower” (SFT) concept by Studio Roosegaarde 
consisting of three vertically-oriented Aufero modules of the company 
ENS Technology in a tower structure to remove particular matter (PM10 
and PM2.5) from the outdoor air and thereby to improve the outdoor air 
quality in the immediate surroundings of the tower.  
 
Two case studies were performed resembling actual situations in which 
also field measurements were performed, and in which the tower was 
placed in an openly exposed area in either still air conditions (near-zero 
wind speed) or in a reference wind speed of 3 m/s at 10 m height. 
 
The following main representative assumptions were made:  

 The Aufero modules have a removal (collection) efficiency of 
70% for PM10 and 50% for PM2.5. These are actual efficiencies 
measured and communicated by ENS Technology for a SFT on 
site in Tianjin, China.  

 The atmosphere exhibits neutral stratification. 
 The surrounding terrain is flat and uniformly rough with an 

aerodynamic roughness length of 0.03 m, representative of 
short grass.  

 
The results are reported in terms of percentage reduction achieved by 
the SFT concerning PM10 and PM2.5 concentrations. Therefore, a 
reduction percentage of 10% means that the concentration is reduced 
by 10% (from 100% to 90% of the original concentration). 
 
The computational grid was developed according to best practice 
guidelines (Franke et al. 2007, Tominaga et al. 2008, van Hooff  & 
Blocken 2010, Blocken 2015) excluding tetrahedral and pyramid cells, 
see Figure 1.  
 

To whom it may concern 
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Figure 1. Computational grid of the Smog Free Tower. 
 
 
 
The simulations were performed by solving the Reynolds-averaged 
Navier-Stokes equations with the realizable k- module for closure (Shih 
et al. 1995) and near-wall modeling by standard wall functions with 
appropriate roughness modifications as developed by Cebeci and 
Bradshaw (1977) and with sand-grain roughness values as obtained by 
Blocken et al. (2007). Calibration of the simulations was performed 
based on earlier wind tunnel measurements of gas dispersion and 
supported by the measurements conducted by ENS Technology on the 
SFT on site in Tianjin, China.  
 
Figures 2a and 2b demonstrate the PM10 reduction (in percentage) that 
can be achieved by the SFT in near-zero wind speed conditions. 
Reductions by up to 70% are achieved near the tower outlets, while 
reductions of almost 45% are achieved up to a distance of at least 10 m 
radius around the tower. Reductions of 30% and more are obtained up 
to a distance of at least 20 m from the tower. Note that the figure is 
slightly asymmetric due to the imposed 0.01 m/s wind speed. 
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Figure 2a. Reduction in PM10 concentration (in percentage) by the SFT in near-
zero wind conditions, up to distance of 10 m from the tower.  
 
 

 
Figure 2b. Reduction in PM10 concentration (in percentage) by the SFT in near-
zero wind conditions, up to distance of 20 m from the tower.  
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Figure 3 shows the results of the PM2.5 reduction (in percentage) 
achieved in near-zero wind speed conditions. Reductions of about 50% 
are achieved near the tower outlets, while reductions larger than 25% 
are achieved up to at least 10 m radius around the tower. Reductions of 
up to 20% are obtained up to a distance of 20 m from the tower. The 
figure is slightly asymmetric due to the imposed 0.01 m/s wind speed. 
 
 

 
Figure 3a. Reduction in PM2.5 concentration (in percentage) by the SFT in near-
zero wind conditions, up to distance of 10 m from the tower.  
 
 

 
Figure 3b. Reduction in PM2.5 concentration (in percentage) by the SFT in near-
zero wind conditions, up to distance of 20 m from the tower.   
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Figure 4 demonstrates the PM10 reduction (in percentage) that can be 
achieved by the SFT in a situation with stronger wind speed, i.e. 3 m/s 
at 10 m height. The colored area indicates reductions larger than 10%. 
In this case, the purified air is convected downstream, and reduction 
percentages exceeding 25% are found up to at least 5 m downstream 
of the tower.  
 

 
Figure 4. Reduction in PM10 concentration (in percentage) by the SFT in wind 
speed 3 m/s at 10 m height. 
 
 
Figure 5 demonstrates the PM2.5 reduction (in percentage) that can be 
achieved by the SFT in a situation with stronger wind speed, i.e. 3 m/s 
at 10 m height. The colored area indicates reductions larger than 10%. 
The purified air is convected downstream, and reduction percentages 
exceeding 25% are found up to at least 5 m downstream of the tower.  
 

Figure 5. Reduction in PM2.5 concentration (in percentage) by the SFT in wind 
speed 3 m/s at 10 m height. 
 
 
 
It should be noted that the cases studied here represent to some extent 
a worst-case scenario in terms of built environment surroundings. We 
assumed an open field in which the purified air can be distributed 
without constraints in horizontal and vertical direction. In reality, in the 
built environment, constraints in horizontal direction will exist. Currently, 
the researchers are evaluating the reduction percentages that are 
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obtained in a semi-enclosed and an enclosed courtyard, in which the 
purified air can be more contained and larger reduction percentages 
can be achieved. The research team is also writing a scientific article 
about this work for publication in an international peer-reviewed journal. 
 
Conclusions: 

 The Smog Free Tower, when installed in an open field in near-
zero wind conditions, neutral atmospheric boundary layer 
stratification, and using ENS Aufero modules with collection 
efficiencies of 70% for PM10 and 50% for PM2.5, will provide 
large areas around the tower where reduction percentages of 
almost 45% are achieved for PM10 and more than 25% for 
PM2.5.  

 The same conditions but with 3 m/s wind speed at 10 m 
reference height will yield downstream reductions exceeding 
25% for PM10 and PM2.5. 

 These results represent to some extent a worst-case scenario, 
as larger reduction percentages in a wider area can be 
achieved when the tower is installed in semi-enclosed and 
enclosed courtyards. 

 
Comments:  

 The beneficial effect of the SFT will be most pronounced when 
the purified air can be confined and when treated air can be re-
ingested by the tower and purified again. In such cases, the 
resulting purification can exceed the Aufero efficiencies of 70% 
for PM10 and 50% for PM2.5. Examples are courtyards, enclosed 
squares, etc.  

 The research team can work together with the company ENS 
Technology and studio Roosegaarde to develop models of the 
SFT in courtyards and other urban topologies.  

 
Please do not hesitate to contact me if further information is needed. 
 
Yours sincerely 

 
Prof.dr.ir. Bert Blocken 
Unit Building Physics and Services 
Department of the Built Environment 
Eindhoven University of Technology 
P.O. Box 513 
5600 MB Eindhoven 
Email: b.j.e.blocken@tue.nl 
URL: http://www.UrbanPhysics.net  
----------------------------------------------------- 
Also Part‐Time Full Professor at: 
Building Physics Section 
Department of Civil Engineering 
KU Leuven 
Kasteelpark Arenberg 40 – bus 2447 
3001 Leuven 
Belgium 
----------------------------------------------------- 
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The Smog Free Tower works with the proven ENS technology of positive 
ionization to remove large fractions of particulate matter from the air in its 
immediate surroundings. Both the technology and the Smog Free Tower itself 
have been successfully evaluated with both field measurements and numerical 
simulations with Computational Fluid Dynamics. The results confirm that the 
tower captures and removes up to 70% of the ingested PM10 and up to 50% of 
the ingested PM2.5. For a tower in an open field in calm weather, this provides 
PM10 reductions up to 45% and PM2.5 reductions up to 25% in a circle with 
diameter of more than 20 m around the tower. When the tower is applied in 
semi-enclosed or enclosed courtyards, the beneficial effects can be much 
larger. (Prof. dr. Bert Blocken, Eindhoven University of Technology, the 
Netherlands and Leuven University, Belgium) 
 
De Smogvrije Toren functioneert met de bewezen ENS-technologie van 
positieve ionisatie om grote hoeveelheden fijnstof te verwijderen uit de lucht in 
de nabije omgeving van de toren. Zowel de technologie als de Smogvrije toren 
zelf zijn succesvol geëvalueerd met zowel veldmetingen als numerieke 
simulaties met Computational Fluid Dynamics. De resultaten bevestigen dat de 
toren tot 70% van de ingezogen PM10 en tot 50% van de ingezogen PM2.5 
opvangt en uit de lucht verwijdert. Voor een toren in een open veld in windstil 
weer, geeft dit PM10-reducties tot 45% en PM2.5-reducties tot 25% in een cirkel 
met diameter van 20 m rond de toren. Wanneer de toren wordt toegepast in 
deels omsloten of volledig omsloten pleinen of tuinen, kunnen de reducties veel 
groter zijn. (Prof. dr. ir. Bert Blocken, Technische Universiteit Eindhoven, 
Nederland en KU Leuven, België) 
 

利用ENS公司的正离子技术研发的“雾霾净化塔”可吸收塔身周围空气中大量的悬浮颗粒

物。该项技术和“雾霾净化塔”本身都已成功通过现场测试以及基于计算流体力学的数值

模拟的评估。研究结果表明：“雾霾净化塔”对所摄入PM10的过滤能力高达70%，对所摄

入PM2.5的过滤能力可达50%；在无风环境下，“雾霾净化塔”可使得周围20米封闭范围

内的空气中PM10的含量减少45%， PM2.5 

的含量减少25%；另外，若此塔被放置在封闭或半封闭的环境中，对周围空气的改善效果

更为突出。（Bert Blocken 教授，荷兰埃因霍温理工大学与比利时鲁汶大学） 

Further information can be found in the declaration (in English) and in 
the CFD project report. 
 
Yours sincerely 

 
Prof. dr. ir. Bert Blocken 
Eindhoven University of Technology, The Netherlands 
KU Leuven, Belgium 

To whom it may concern 
 




