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Introduction 

Cities can affect their own climate, counteract land use change and influence waste heat through 

the re-introduction of habitats that support biodiversity. Solar energy absorbed in pavements and 

dark roofs raises temperatures (Stone, Brian, p52). Tall buildings reabsorb the transmitted 

radiation and release it back (Stone, Brian, p75). Green roofs cool the air and provide insulation 

(Stone, Brian, p109). Wall plant coverage keeps the walls cool and reduces summer temperature 

(Stone, Brian, p109).  

Such principles can be investigated through the research question: “To what extent do green 

roofs and green walls make Amsterdam centrum East district more environmentally 

sustainable”. The question is inspired by the IB Geography syllabus, paper 1, Option G Urban 

environments chapter: Building sustainable urban systems for the future (Nagle, Garrett). 

Environmental sustainability can be defined as: “The maintenance of the factors and practices 

that contribute to the quality of the environment on a long-term basis” (Business Directory). 

Environmental sustainability is put into the context of the European Union and how the 

Netherlands develop accordingly. The green infrastructure potential for urban environments in 

Amsterdam centrum East will be explored, by applying the gathered information.  

 “The world’s population grows each year by 95 million. Poor air influences half the world’s 

urban population. The climate of an urban area is affected by the structure of the air above and 

the surface” (Nagle, Garrett).  

http://www.businessdictionary.com/
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Heat waves and floods, figures 1 and 2 indicate the importance of cities actions towards 

sustainability. The EU funds green space resourcefulness, acknowledging that green walls and 

roofs reduce climate change (European Commission).  

   

 

According to the European Commission it is important to outweigh the possible complex 

consequences to adjust to climate change (European Commission).  

The EU affects the regional degree of climate adaption, figure 3. The costs are an investment in 

urban environment compared to the cost of future damages of extreme weather (European 

Commission). 

 

 

 

 

 

 

Figure 3: Countries with cities having environmental management plans. ---. "EU action at international level." ec.europa.eu, 

European Commission, 2018, ec.europa.eu/clima/policies/international/paris_protocol_en. Accessed 19 Aug. 2018. 

Figure 1: The hottest 3-day average of Tmax in 2018.  

"Heatwave in northern Europe, summer 2018."  

 worldweatherattribution.org, World weather attribution, 

Accessed 23 Sept. 2018. 

Figure 2: Number of floods per 10,000km2.  

 
“Flood Risks and Environmental Vulnerability:  

     Exploring the Synergies between Floodplain Restoration, 

Water Policies and Thematic Policies., 2016 
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The city climate is changing. Cites become more livable through vegetation for cooling and 

better air quality (Maas, Winy, p267). Green roofs save energy, lowering the temperature in 

summer and providing insulation in winter (Maas, Winy, p267). Green roofs are water retention 

areas, they improve storm water management due to surface runoff control (Stone Brian, p102). 

A solution provided by nature to reduce urban heat island effect and improve air quality. 

In Scandinavia grass roofs have provided insulation for centuries (Herbet, Mandy). Germany 

started many green roof projects from 1960 onwards. 14% of German buildings have green roofs 

(Herbet, Mandy). 

Based on preliminary information the outcome of this investigation could be that the city benefits 

from the popular concept because citizens recognize a good initiative. Promoting higher levels of 

environmental sustainability and integrating the city more into the natural landscape, figure 4, 

benefits green infrastructure. “-if we cover the landscape footprint with concrete then we should 

replace it with a green 

roof, connected to a 

vertical living wall 

back to Earth” – Dillon 

Matthew (Herbet, 

Mandy, p 7). 

 

 

  

Figure 4: Sport centrum Amsterdam (photo by Luuk Kramer) 

Frearson, Amy. "SportPlaza Mercator by VenhoevenCS." dezeen.com, 13 Mar. 2013, Accessed 19 Aug. 2018. 
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Urban Heat Island effect (UHIE) 

 

The UHIE, can be defined as; city area warmer than its surroundings because of human activity 

(Maas, Winy, p172). Figure 5 demonstrates temperature gradient differences between urban and 

rural environments. This is due to the following:  

 

 

The problems this causes are: 

 

 

 

 

 

 

 

 

Figure 5: Variations of Surface and Atmospheric Temperature 

Wong, Eva, editor. "Green Roofs." Reducing Urban Heat Islands: Compendium of Strategies, edited by Eva Wong, 

Environmental Protection Agency, 9 May 2017, Accessed 1 Mar. 2018. 

- more thermal energy 

- lack of vegetation 

- heating through traffic, industry and buildings 

 

- decrease in air and water quality 

- pollution 

- waste heat 

- temperature rise 
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Urban geometry: The tallness and 

composition of buildings affects the 

quantity of collected and released 

radiation trapped in urban canyons 

and the wind flow pattern because 

of density and 3 dimensional forms 

of structures (Wong, Eva), figure 6.  

 

 

 

Figure 7 shows the extent to which the population in most regions’ life in urban areas. “Two 

thirds of the world’s population will be living in an urban area by 2050” (---. "Urban). Cities are 

the main habitats of people, who need a pleasant environment to live in. The city is a place to 

take action for innovation and green economy (---. "Urbanization).  

Figure 6: Urban Surface Energy Budget. Wong, Eva, editor. "Green Roofs." Reducing Urban Heat Islands: Compendium of 

Strategies, edited by Eva Wong, Environmental Protection Agency, 9 May 2017, Accessed 1 Mar. 2018. 

Figure 7: Share of the total population living in urban areas, 2016, ---. "Urbanization." ourworldindata.org, 

Our world in data, 2018, ourworldindata.org/urbanization. Accessed 23 Sept. 2018. 
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Europe 

In response to global concerns over climate, the Paris agreement, a global action plan was signed 

by 194 countries in December 2015 to limit global warming to below 2o Celsius (---. "EU). 

 

  

The EU located in figure 8, contribution towards meeting the Paris agreement to its 2030 goals to 

ultimately reduce emissions by 40%. It aims to do this through a series of initiatives, such as: 

- “more efficient use of less polluting energy” 

- “more environmentally-friendly land-use and agriculture” 

- “more sustainable cities” 

- “more climate-resilient communities” 

(---. "EU) 

  

Figure 8: Map of the European countries. BBC. "European Union maps." BBC.com, BBC, 

25 Feb. 2014, www.bbc.com/news/world-middle-east-24367705. Accessed 23 Sept. 2018. 

 

http://ec.europa.eu/clima/policies/international/paris_protocol/energy/index_en.htm
http://ec.europa.eu/clima/policies/international/paris_protocol/forestry/index_en.htm
http://ec.europa.eu/clima/policies/international/paris_protocol/agriculture/index_en.htm
http://ec.europa.eu/clima/policies/international/paris_protocol/cities/index_en.htm
http://ec.europa.eu/clima/policies/international/paris_protocol/resilience/index_en.htm
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The specific 20-20-20 climate targets of the EU are shown below, figure 9. 

 

 

80% of Europeans will live in urban areas by 2020 (WHO). Economic productivity can be 

influenced by rising temperatures. Grey surroundings confront people with their health, mood 

and concentration. Nature will contribute to cooling, decreasing risks related to heat stress. 

Nature has a positive effect on how people feel. Air pollutants contribute to climate change. The 

World Health Organisation, WHO, has guidelines to make cities healthy by adapting to change 

and how to achieve air quality that benefits public health.  

“For Europe the WHO set in 2000 the value of ozone levels at 120.49m3 for an 8-hour daily 

average and NO2 value of 

200.49 / m3 for 1 hour” (WHO). 

“The influence of air pollution 

on the economy in Europe 

impacts health for 1 trillion 

annually” (WHO), figure 10. 

Figure 10: Air pollution, mean annual exposure (micrograms per cubic meter), 2015 

Ritchie, Hannah, and Max Roser. "Air Pollution." ourworldindata.org, Oct. 2017, Accessed 11 June 2018. 

 

Figure 9: The ’20 – 20 – 20’ climate targets of the EU, adapted by candidate ---. "EU action 

at international level." ec.europa.eu, European Commission, 2018, 

ec.europa.eu/clima/policies/international/paris_protocol_en. Accessed 19 Aug. 2018. 

 

https://ourworldindata.org/grapher/PM25-air-pollution
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The Netherlands 

The Netherlands, figure 11, is located in Western Europe, figure 8. A flat landscape 41,528 km2 

surface, 11% of forested land, water dominates 18.41% (Wintle, Michael J). There are numerous 

canals for water management and 

transport. Three major European rivers, 

Rhine, Meuse and Scheldt create a 

delta. Pumping stations and sea 

defenses for flood protection are in 

place and 13,000km of dikes (Wintle, 

Michael J). Remarkably in the 

Netherlands are twice as many bikes as 

cars (Wintle, Michael J). 

The country has a moderate maritime 

climate. 17 million people live in the Netherlands, a population density of 493 per km2 (Wintle, 

Michael J). The monarchy is politically stable, and member of the EU. Living standards are high 

according to the OECD better life index which ranks the Netherlands 4th best in work-life 

balance (Wintle, Michael J). 

  

Figure 11: The Netherlands, adapted by candidate from: Magellan Geographix. 

"Netherlands." www.customcoaters.com, 2017, 

www.customcoaters.com/netherlands/. Accessed 19 Aug. 2018. Map 
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Amsterdam 

Amsterdam, in the Western 

Netherlands lays between the North 

Sea and a 1,100 km2 inner lake 

(Wintle, Michael J). Amsterdam, 

figure 12, has an UNESCO World 

Heritage status (Wintle, Michael J). 

The city is the business capital of the 

Netherlands. Its airport is the third 

largest in Europe (Vincent, Paul F.).  

Amsterdam has 4,457 inhabitants 

living per km2, with a population of 

851,383 (Amsterdam info). After the second World War, boroughs were built outside the center 

(Vincent, Paul F.). Parks and nature reserves take up 12% of the land area of Amsterdam 

(Amsterdam info). 

Green infrastructures and sustainable land management deal with more rain and frequent 

heatwaves (Yeang, Ken). Rehabilitating nature through bioclimatic design regulates the UHIE. 

Ecomimesis is an imitation design of ecosystems, this strategy towards sustainability includes 

rooftops (Yeang, Ken).  

Before 2025 Amsterdam intends to lower CO2 emissions by 40% and 30% of power supply from 

local sustainable energy (Lauwers, Conny). From 2010 Amsterdam encourages citizens to create 

green walls and roofs by giving subsidies of € 50.00 per m2 (Lauwers, Conny). For green roofs a 

budget of € 550,000.00 per year is reserved (Lauwers, Conny).  

Figure 12: Amsterdam adapted by candidate from TomTom. "Map of 

Amsterdam." nl.viamichelin.be, Michelin, 2017,  nl.viamichelin.be/web/ 

Kaarten-Plattegronden/Kaart_Plattegrond-Amsterdam-_-Noord_Holland-

Nederland. Accessed 19 Aug. 2018. Map. 

 



 
 

12 
hbv878 

Amsterdam has 12 km2 unused flat roof (Lauwers, Conny). Connecting green areas and 

improving biodiversity of sites in the best possible way is a priority to urban planners in 

Amsterdam (Lauwers, Conny). Figure 13 has examples of incorporating vegetation. Water 

control and air pollution that overshoots the safe limits are important themes and matter strongly 

for economic development (Lauwers, Conny). 

 

Figure 13: Examples of incorporating vegetating in infrastructure in Amsterdam. 

Map 3: Amsterdam adapted by candidate from: Google. "Map of Amsterdam." Map. Google Maps, Google, 2018, Map 1.5 cm : 200 

m. Accessed 19 Aug. 2018. Photo’s: 

1 – 9 : Green Roofs. "Green roofs." maps.amsterdam.nl, City of Amsterdam, Accessed 19 Aug. 2018. 

10 : Velazquez, Linda. "Greenroofs.com Project of the Week: October 9, 2017." greenroofs.com, Green roof and wall,  

    9 Oct. 2017.Accessed 19 Aug. 2018. 

11 : Meinhold, Bridgette. "Stunning Green Roofed Apartment Building Rises in Amsterdam." inhabitat.com, inhabitat, 

   3 Mar. 2010. Accessed 19 Aug. 2018. 

12 : Reek, Kees. "Grootste groendak van Amsterdam op De Halve Wereld" ["Largest green roof of Amsterdam at 'De Halve 

  Wereld'"]. www.dehalvewereld.nl, De Halve Wereld, 22 Apr. 2011, www.dehalvewereld.nl/?page_id=44.  

  Accessed 19 Aug. 2018. 

13 : ZInco-Rooftop. "Rooftop farm in Zuidpark, Amsterdam." zinco-greenroof.com, Life on roofs. Accessed 19 Aug. 2018. 

14 : Winters, Floris. "Operatie groendak in Amsterdam" ["Operation green roof in Amsterdam"]. library.wur.nl,  

  University of Wageningen, 2010, library.wur.nl/WebQuery/edepot/155420. Accessed 19 Aug. 2018. 

15 : Markhoven. "City Tree." Markhoven.nl, Markhoven, 1 Dec. 2017, markenhoven.nl/markenhoven/492-citytree.  

  Accessed 19 Aug. 2018. 
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Investing in sustainability and economic development together secure quality of city life and attract 

businesses.  

“Creating rooftop architecture means multiple ground use, which is a sustainable initiative in the 

first place” (Van Schagen, Lisa Ir.). 

For research two streets in Amsterdam centrum East district are chosen, figure 14. 

 

 

 

Figure 14: Amsterdam adapted by candidate from: Google. "Map of Amsterdam." Map. Google Maps, Google, 2018, Map 1.5 

cm: 200 m. Accessed 19 Aug. 2018. 

Valkenburgerstraat (V) (between Mr. Visserplein and Anna Frank Straat) 

Weesperstraat (W) (between Weesperplein and Nieuwe Heerengracht) 
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Amsterdam wants to prepare for climate change and become a more sustainable city (Lauwers, 

Conny). Green roofs are a good alternative to reduce pressure on sewage systems, having more 

water retention areas is achieved this way. Figure 15a and 15b shows the current land use, and 

vulnerability to UHIE in Amsterdam. 

 

 

 

Figure 15a: Typology of land use in Amsterdam. 

 Wandl, Alexander. Urban heat vulnerability mapping in 

Amsterdam (and Rotterdam). resilient-cities.iclei.org, 

Accessed 19 Aug. 2018. 

 

Figure 15b: Legend by typology of land use of Amsterdam.  

Wandl, Alexander. Urban heat vulnerability mapping in Amsterdam (and Rotterdam). resilient-cities.iclei.org,  

Accessed 19 Aug. 2018. 
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Figure 16 illustrates variations in temperature across the city of Amsterdam. Measures were 

taken using a GPS logger and an USB thermometer fixed to a bicycle (Koomen, Eric). As can be 

observed, the UHIE shows differences in temperatures over 3% between the CBD and the 

surrounding area. Readings were taken on a regular evening with a temperature of 20o C in June 

(Koomen, Eric). According to Koomen, “On hot Summer days the UHIE will be much larger” 

(Koomen, Eric). Therefore, this illustrates the potential of green roofs and walls that this essay 

will explore. 

Figure 16: Urban heat map of Amsterdam 

Koomen, Eric, et al. Analysing Urban Heat Island Patterns and simulating potential future changes.  

Accessed 19 Aug. 2018. 
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Amsterdam has over 150,000m2 of green 

roofs and before the end of 2018 adds 

50,000m2 (Lauwers, Conny), figure 17.  

 

 

 

Hotel “Zoku” on the Weesperstraat has a sedum roof with water features and planters created by 

“De Dakdokters”, figure 18. 

  

Figure 17: Green buildings locations in Amsterdam. 

"Green roofs." maps.amsterdam.nl, City of Amsterdam. Accessed 19 Aug. 2018. 

 

Figure 18: Daktuin Zoku.  

De Dakdoktors. "Daktuin Zoku." dakdokters.nl, Dakdokters, 2016. Accessed 19 Aug. 2018.  
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Green walls 

A green wall has a plant layer, providing extra insulation, shades, protects and cools air. The 

transfer of heat through the wall is reduced, figure 19. 

A green wall grows on a structural system. Vines do not need irrigation and can grow up to 20 

meters (Wood, Antony). Intensive green walls base is a cloth of felt, with spaces where hanging 

and ground cover plants together with shrubs and perennials can grow quickly but are high 

maintenance (Wood, Antony). 

 

 

 

 

 

Figure 19: Energy balance of a vegetated façade 

Wood, Antony, et al. Green Walls in High-rise Buildings. Mulgrave, Images Publishing, 2014. 
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Concrete block and 

metal walls influence 

rainwater runoff 

negatively. 

Plants hold water and 

release a part into the air.  

 

A green wall offers space 

for air pouches. 

 negatively. 

 Less affected by sun, 

heated air and wind.  

Reduces the lack of 

trees in paved areas.  

The green space filters 

CO2, NO2, and 

particulate matter. 

Protects the wall for 

80% of the solar 

radiation (Engineering 

Toolbox). 

Figure 20: Example of a green wall. Suite Plants. "Veghel." suiteplants.com, Suite 

Plants, 2017, Accessed 23 Sept. 2018 

Figure 21: Example of a green wall. Copijn. "Project Eneco." 2012.  

Accessed 23 Sept. 2018. 
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“The thermal resistance of a construction can be reduced from 23W/m2K to 12W/m2K” (Ottelé, 

Marc). Green roofs and walls cover the outside layer with plants, figures 21 and 22, reducing the 

temperature rise of surfaces in compacted city areas, figure 23. Heat transfer is influenced 

because plants halt the wind alongside the walls (Ottelé, Marc), figure 24. 

A dense layer helps the 

wall withstand wear. 

 

Natural insulation layer 

diminishes the thickness 

of construction. 

Evapotranspiration and 

shading equal less build 

up heat. 

Reduce the severity of 

the UHIE formation of 

smog. 

An addition to ecology. 

Vertical green 

vegetation reduces fine 

particle concentration.  

Temperature will stay 

between 25oC and 30oC 

(Ottelé, Marc). 

The foliage makes a 

microclimate.  

 

Figure 22: Example of a green wall. Ginkel groep. "Groene gevel winkelcentrum" 

["Green wall shopping mall"]. Ginkelgroep.nl, Accessed 23 Sept. 2018. 

Figure 23: Example of a green wall. Mostert de Winter. "Circl: Pionieren op de 

Zuidas" ["Circl: Pionering at the “Zuidas"]. mostertdewinter.nl. Accessed 23 Sept. 

2018. 
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An easily transportable 16 square meters surface 

containing a mix of 1,682 mosses and plants 

(Markhoven), figure 24. Eight are placed on the 

Valkenburgerstraat (Markhoven). The 

Valkenburgerstraat measures NO2 far above the 2015 

European norm of 40 mg/m3 NO2 (Markhoven).  

 

 

 

 

 

Figure 25 shows how green walls are a creative way to increase urban green where available 

space is limited. Trees take time to grow, in this area it is difficult to plant them. 

Figure 25: Schematic drawing of a green wall used in the Valkenburgerstraat (adapted by candidate) 

Van Zoelen, Bart. "De CityTree is aaibaar" ["The CityTree is cuddly"]. valkenburgerstraat.wordpress.com, wordpress, 

5 Dec. 2017. Accessed 19 Aug. 2018. 

 

Figure 24: Green wall as placed in the Valkenburgerstraat 

Markhoven. "City Tree." Markhoven.nl, Markhoven, 1 Dec. 2017, 

markenhoven.nl/markenhoven/492-citytree. Accessed 19 Aug. 2018. 
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Green roofs 

Green roofs are roofs “covered with vegetation designed for its aesthetic value and to optimize 

energy conservation” (Collins Dictionary).  

Run-off water during heavy rainfall in urban areas is a problem because of the many 

impermeable squares and roads. Green roofs work because the living vegetation shades, reducing 

the temperature, evapotranspiration of the plants cools the air. The vegetation, substrate and 

drainage layer of green roofs release run off slow, reducing the water amount (Dutch Green). 

Nature is invited to come back to the city area on top of buildings. Green roofs cool down the 

building and temperature in the city through the plants. 

Green roofs have multiple layers:  

- Vegetation layer 

- Growth media to store rain and root plants 

- Drainage 

- Water proofing membrane and to stop roots 

(Dutch Green) 

 

Extensive green roofs have a structure of 15 cm and the vegetation is under 50 cm (Dutch 

Green). Sedum, moss, grass and herbs vegetation sustains itself (Dutch Green).  

Intensive green roofs need maintenance because the bushes, trees in combination with a lawn 

need water and trimming (Dutch Green). The design can be the same as local habitats providing 

conditions for ecological benefit (Dutch Green). 
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Figure 26 shows plants growing in light weight water holding substrate, a top of drainage and 

protective layer. 

 “Studies show that green roofs lead to energy savings from 13% to 33%. Winter heat loss is 34% 

lower than black roofs” (GSA). 

 

 

 

 

 

Albedo measures the reflectance of a surface, figure 27. Albedo value range from 0 to 1.  

Value of 0 absorbs 100% of radiation whereas for a value of 1 all energy is reflected.  

Figure 26: Intensive green roof construction. GSA."The Benefits and Challenges of Green Roofs on Public and Commercial 

Buildings." gsa.gov, May 2011, gsa.gov/cdnstatic/ Accessed 19 August 2018. 

 

Figure 27: Albedo for typical surfaces in cities. GSA. "The Benefits and Challenges of Green Roofs on Public and 

Commercial Buildings." gsa.gov, May 2011, gsa.gov/cdnstatic/ Accessed 11 June 2018. 
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Above 25oC a solar panel works less 

efficiently (Markvoort, Ralf). Green 

roofs provide a cooling effect this 

way improving panel output 

(Markvoort, Ralf), figure 28. 

 

 

Sedum is a good choice for a roof because it has a shallow root system, 20 different varieties 

easily go on a roof together (Markvoort, Ralf), figure 29. The plant survives on 3cm of coconut 

fiber, figure 30, which is very light weight, and substrate (Markvoort, Ralf). Sedum is originally 

found in dry and cold areas (Markvoort, Ralf). The plants can take temperatures from negative 

20oC to 40oC and need little nourishment (Markvoort, Ralf). Sedum is low maintenance, needs 

nutrients only once a year and grows tight which is good against weeds (Markvoort, Ralf).  

Figure 28: Solar panel at the nursery in Holton (photo by candidate)  

 

Figure 29: Sedum of roof (photo taken by candidate) 

Figure 30: Sedum plugs at the nursery 

(photo taken by candidate)                                    
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The leaves and stems store water, after three months without water the plant recovers quick 

(Markvoort, Ralf). Sedum is low growing and has a large range of flowers, figures 31 and 32. 

 

   

  

 

 

 

 

Methodology 

In order to answer the title, the following data collection techniques were chosen. Semper Green, 

Rooftop Revolutions, Moss, Groene Grachten and De Dakdokters: Organizations actively 

involved in the creation and research of green walls and green roofs, were contacted with a 

specific request for title specific information 

Restricting the area was essential to make the task manageable. The choice for the 

Valkenbrugerstraat and Weesperstraat seems appropriate due to the many flat roofs. 

Furthermore, these are connecting streets with a consistent traffic flow, being a key entrance to 

the city. 

To gain an understanding of the creation of green roofs a visit was made to a commercial nursery 

in Holten, run by Ralf Markvoort. An interview was conducted July 2, 2018 with a tour around 

the property to learn about the growing process and materials used. 

Figures 31 and 32: Sedum at the nursery in Holton (photos taken by candidate) 
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MeteoBlue, who delivers local weather information worldwide, was contacted for permission to 

access their database providing location specific information. Data was downloaded, as 

comparison to statements made by the interviewees or collected from used websites, for the 

period January 1, 2014 till July 31, 2018, for Amsterdam:  

- Temperature daily mean, max and min (2 meters above ground level) 

- Sum of the daily precipitation 

- Duration of daily sunshine 

- Sum of the daily shortwave radiation 

 

Because of credibility the following sources were used for research: 

- The Royal Netherlands Metrological Institute (KNMI) 

- Ministry of Water management and Municipality of Amsterdam are together in the 

Amsterdam Rainproof program. Knowledgeable about protection to flooding and actions to 

make city more livable. 

- Universities of Delft and Wageningen, knowledge about biodiversity and sustainable 

development 

To develop an informed understanding of the chosen area, Google Earth was used as a learning 

resource. 
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Analysis  

In the Weesperstraat, figures 33a and 33b and the Valkenburgerstraat, figures 34, 35 and 36, 

buildings on both sides make an urban canyon which reduces ventilation and therefore emissions 

from traffic polluting the area. The sound of cars and trucks reflects from the walls. Green walls 

reduce the noise because of absorption and spreading effect. 
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Figures 34 and 35: Street views of Valkenburgerstraat. Google Earth. “Streetview/Camera image of 

Valkenburgerstraat, Amsterdam (52o22’09.98 N and 4o54’22.17 E).” Google Earth. Google, 25 March 2017. 

Web. 19 August 2018 

 

Glass hinders green 

wall possibilities 

Traffic – noise and 

air pollution 

Young tree line for air pollution 

reduction, shade and evapotranspiration 

Bikes good alternative 

transportation  

Grey + concrete absorbs solar 

radiation, no aesthetic value 

Flat roofs = green roof 

possibilities 

Figure 36: Valkenburgerstraat adapted by candidate. Google Earth. “Aerial/Satellite image of Valkenburgerstraat, Amsterdam 

(52o22’09.98 N and 4o54’22.17 E).” Google Earth. Google, 25 March 2017. Web. 19 August 2018 
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Interview extract 

The roof architect (interviewee 1) The grower and installer (interviewee 2) 

Most important quality of green roofs and 

facades is the buffering of storm water. Heavy 

rain storms occur more than they used to. The 

adjustable flow of storage water helps to 

establish a climate adaptive city.  

A sedum roof drains water slowly it can store 

up to 60% of the rainfall and you can use a 

“bufferdrainagemat” for better results on a 

sloping roof, Figures 37, 38 and 39. 

The positive effect on filtering air is quite 

mild. Roofs don’t do so much, and facades 

can only reduce the ppm of fine dust by 14%. 

In the city the sedum reduces and affects the 

level of fine dust pollution. 

It is quite clear that green roofs do not help 

insulating the building in winter: The roof is 

not part of the continuous layer of the 

building. It does help in the summer: It can 

deflect sunlight and prevents the roof surface 

from heating up, and the room beneath it 

which is quite effective. 

Though improved energy efficiency, a sedum 

roof pays for itself after five years. The plants 

absorb 50% of sunlight and reflect 30%.  

20% passes and hits the surface. Thus, keeps 

spaces cooler in summer.  

Green roofs give less shrinkage and extends 

the longevity of the roof because of the 

additional layer of protection. 

 

Figures 37, 38 and 39: Sedum and green roof materials at the nursery in Holten (photos taken by candidate) 
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Green roofs costs 
The interviewees agree on the insulating effect of a green roofs in summer. In Scandinavia green 

roofs have contributed to insulation for centuries (Herbet, Mandy). The book “The city and the 

coming climate” is closely related to the IB Geography program, stating that green roofs cool the 

air and provide insulation (Stone, Brian, p115). Amsterdam aims to supply 30% of the city’s 

energy with locally produced sustainable energy (Lauwers, Conny). Through handing out 

subsidies, the municipality recognizes the sustainable effectiveness. This supports the idea 

Amsterdam centrum East district with future green roofs and walls will be more environmentally 

sustainable. 

The progress of installing green roofs is slow. It is a substantial investment, table 1, to change 

flat roofs into green roofs. Weesperstraat has converted 4%, and Valkenburgerstaat 9.6% of its 

roofs to green.  

 

Weesperstraat (between Weesperplein and Nieuwe Heerengracht) 

Year Roof Area (m2)* Green Roof 

Area (m2)** 

Green Roof 

(GR) (%) 

Current invested costs 

(€ 40 / m2) 

Total costs for Green Roofs 

(€ 40 / m2) 

2018 18,560 745 4.0 € 29,400 € 742,400 

2017 17,670 720 4.1 € 28,400 € 706,800 

2016 17,670 680 3.8 € 28,000 € 706,800 

2015 17,670 640 3.6 € 26,400 € 706,800 

2014 17,670 605 3.4 € 24,200 € 706,800 

 

Valkenburgerstraat (between Mr. Visserplein and Anna Frank Straat) 

Year Roof Area (m2)* Green Roof 

Area (m2)* 

Green Roof 

(GR) (%) 

Current invested costs 

(€ 40 / m2) 

Total costs for Green Roofs 

(€ 40 / m2) 

2018 23,220 2,250 9.6 € 88,000 € 928,800 

2017 23,220 2,175 9.3 € 85,000 € 928,800 

2016 23,220 2,050 8.8 € 82,000 € 928,800 

2015 23,220 1,930 8.3 € 77,200 € 928,800 

2014 23,220 1,825 7.9 € 73,000 € 928,800 

Table 1 created by candidate: Weesperstraat an Valkenburgerstraat flat roof area, Green Roof application and price 

* “Aerial/Satellite image of Valkenburgerstraat, Amsterdam (52o22’09.98 N and 4o54’22.17 E).” Google Earth. 

Google, 25 March 2017. Web. 19 August 2018 

* “Aerial/Satellite image of Weesperstraat, Amsterdam (52o21’51.47 N and 4o54’22.02 E).” Google Earth. Google, 25 

March 2017. Web. 19 August 2018 

**De Jong, Jaap. "Change in Green Roof development." Monitor Agenda Groen, De Gezonde Stad, 2018. Accessed 

19 Aug. 2018. 
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Temperature effect 
According to the roof horticulturist, green roofs have an increased insulator working, and a 

longer lifespan, increasing living comfort. “Under a green roof without cooling, indoor 

temperatures were found at least 3-4oC lower than the outdoor temperature between 25oC and 

30oC” (Ottelé, Marc).  

This is confirmed by Ralf Markvoort, who mentions an average of 3.6oC reduction in summer 

with the opposite effect during winter.  

 

 

 

 

 

Figure 40 shows the temperature for the months July (orange) and January (blue) as collected by 

MeteoBlue. Because of installing green roofs, the temperature in both months will have an effect 

on the temperature, figure 41. Summer will be cooler inside, while in winter green roofs show its 

insular effect by acting as an insulation layer.  
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Figure 40 (needs reference) created by candidate: Temperatures for the months January and July 

2018, without any Green Roof exposure. "Weather History." Weather History, MeteoBlue, 31 

July 2018, www.meteoblue.com. Accessed 31 July 2018. 

Figure 41 created by candidate: Temperatures for the months January and July 2018, with 

Green Roof exposure. Calculated on the basis of 3.6oC by candidate. 
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Water containment 
Both interviewees acknowledge implementation of green roofs are a good way to cope with 

severe rains as mentioned also by the European Commission. The latter offer funds for clever 

ways to overcome water storage difficulties (---. Making).  

The municipality of Amsterdam has water control high on the agenda because of the importance 

to economic development (Lauwers, Conny). The IB Geography syllabus about Eco cities 

describes the option to realize sustainability by creating enough green spaces (Stone, Brian, 

p126).  

 

Weesperstraat (between Weesperplein and Nieuwe Heerengracht) 

 Green Roofs can hold 60% of 

the precipitation 

Green Roofs 

Year Avg precipitation 

per annum*  
Amount of 

water 

contained  

Water 

runoff  

 

Current amount of water 

containment  

Maximum amount of water 

containment if all roofs were 

covered  

 (mm/m2) (mm/m2) (mm/m2) (mm/m2)** Liters/Total*** (mm/m2)** Liters/Total*** 

2018 518.92 311.35 207.57 12.45 9,278 311.35 5,778,693 

2017 716.60 429.96 286.64 17.63 12,692 429.96 7,597,393 

2016 594.60 356.76 237.84 13.56 9,218 356.76 6,303,949 

2015 739.00 443.40 295.60 15.96 10,215 443.40 7,834,878 

2014 725.40 435.24 290.16 14.80 8,952 435.24 7,690,690 

 

Valkenburgerstraat (between Mr. Visserplein and Anna Frank Straat) 

2018 518.92 311.35 207.57 29.89 67,252 311.35 7,229,593 

2017 716.60 429.96 286.64 39.99 86,970 429.96 9,983,671 

2016 594.60 356.76 237.84 31.39 64,360 356.76 8,283,967 

2015 739.00 443.40 295.60 36.80 71,028 443.40 10,295,748 

2014 725.40 435.24 290.16 34.38 62,751 435.24 10,106,273 

Table 2 shows the annual precipitation in Amsterdam and to what extent green roofs can affect 

water containment. The average precipitation varied between 520 and 740 mm/m2 for the past 5 

years. A standard sedum roof for flat surfaces, holds according to the roof horticulturist 60% of 

Table 2 created by candidate: Annual precipitation in Amsterdam and the effect of water containment of Green Roofs 

* Precipitation data from “Weather History." Weather History, MeteoBlue, 31 July 2018, www.meteoblue.com. Accessed 

31 July 2018. 

**Percentage Green Roof used from table 1 

*** Total m2 used from table 1  
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rainfall. Using this scenario, for the year of 2018, 29.89 mm/m2 of rainwater was contained by 

the existing roofs in the Valkenburgerstraat.  

For the Weesperstraat, in which the surface area of green roofs is only 38% of that in the 

Valkenburgerstraat, water containment was limited to 12.45 mm/m2. If all the disposable flat 

roofs in both streets were sedum covered, the green surfaces could retain an average of 395.34 

mm/m2 per year, figure 42 and 43, significantly reducing the pressures on sewage systems and 

channels.  

 

           

       

 

Air filtering effect 
The interviewees both mention the air filtering effects of green roofs. Amsterdam strives to bring 

down CO2 emissions by 40% by 2025 and subsidize green walls and roofs (Lauwers, Conny). 

The statements of both interviewees are supported by table 3. If all existing roofs were covered 

in the Valkenburgerstraat, only 8.2% of CO2 would be taken up by sedum roof systems. It would 

be 6.4% of the 85.62 tons of CO2 per year in the Weesperstraat. Effects on fine dust are more 

prospective with a 20% take up of PM10. 

  

Valkenburgerstraat

Water runoff (mm/m2)

Current amount of water containment (mm/m2)

Potential of water containment (mm/m2)

Weesperstraat

Water runoff (mm/m2)

Current amount of water containment (mm/m2)

Potential of water containment (mm/m2)

Figure 42 and 43 created by candidate: data used from table 2, created by candidate 

Water run-off vs Water containment 
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Weesperstraat (between Weesperplein and Nieuwe Heerengracht) 

 Based on current 

Green Roof 

Full area with 

Green Roof 

Based on current 

Green Roof 

Full area with Green 

Roof 

Year Roof Area 

(m2)* 

Green Roof 

Area (m2)* 

 

CO2 reduction (300 

grams per m2/per 

year)** (ton/year) 

CO2 reduction (300 

grams per m2/per 

year)** (ton/year) 

Fine dust (PM10) 

reduction of 33.4 % 

(μg /m3)*** 

Fine dust (PM10) 

reduction of 33.4 % 

(μg /m3)*** 

2018 18,560 745 0.22 5.48 30,900 769,804 

2017 17,670 720 0.21 5.15 31,400 770,908 

2016 17,670 680 0.20 5.20 29,700 771,763 

2015 17,670 640 0.19 5.25 19,200 530,100 

2014 17,670 605 0.18 5.26 18,100 528,640 

Valkenburgerstraat (between Mr. Visserplein and Anna Frank Straat) 

 Based on current 

Green Roof area 

Full area with 

Green Roof area 

Based on current 

Green Roof 

Full area with Green 

Roof 

Year Roof Area 

(m2)* 

Green Roof 

Area (m2)* 

 

CO2 reduction (300 

grams per m2/per 

year)** (ton/year) 

CO2 reduction (300 

grams per m2/per 

year)** (ton/year) 

Fine dust (PM10) 

reduction of 33.4 % 

(μg /m3)*** 

Fine dust (PM10) 

reduction of 33.4 % 

(μg /m3)*** 

2018 23,220 2,250 0.68 7.02 74,700 770,904 

2017 23,220 2,175 0.65 6.94 72,200 770,797 

2016 23,220 2,050 0.62 7.02 68,100 771,357 

2015 23,220 1,930 0.58 6.98 64,100 771,192 

2014 23,220 1,825 0.57 7.25 60,600 771,031 

  

Green surfaces on buildings impacts absorption and consequently emissions of radiation. As the 

plants photosynthesize, they reduce CO2 concentration sorting carbon and fine dust particles in 

the soil layer they grow on (table 3). From this process, the plants transpire, increasing water 

vapor concentration. Water vapor is also a greenhouse gas, in sufficient quantities a convection 

current could be formed, spreading out energy contained in the molecules into the atmosphere, 

reducing temperatures on the green surface. 

Table 3 created by candidate: Fine dust (PM10) and CO2 reduction as an effect of green roof implementation 

* “Aerial/Satellite image of Valkenburgerstraat, Amsterdam (52o22’09.98 N and 4o54’22.17 E).” Google Earth. Google, 25 March 

2017. Web. 19 August 2018 

* “Aerial/Satellite image of Weesperstraat, Amsterdam (52o21’51.47 N and 4o54’22.02 E).” Google Earth. Google, 25 March 2017. 

Web. 19 August 2018 

** An average car produces 6,000 kg of CO2 which with 1,500 cars for 5 minutes in the street, produces 85.62 tons per year (1,500 

times 6,000 / 365 / 24 / 60 times 5) "Global Warming And Your Car." cartalk.com, Car Talk.Accessed 19 Aug. 2018. 

*** Average fine dust concentrations are 7 μg /m3, which with 1,500 cars for 1 km in the street for 365 working days, produces 

3,832,500 μg /m3 per year, Sjöberg, Karin, and Martin Ferm. "Concentrations and emission factors for PM2.5 and PM10." 

www.sciencedirect.com, Science Direct, Oct. 2015, Accessed 19 Aug. 2018. 
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Vegetation filters particulate matter and air polluting substances. Green roofs and walls lead 

towards environmental sustainability. 

Particulate matter is very harmful because the particles enters our blood. “A year average amount 

cannot exceed 40 µg/m³ “(Ottelé, Marc). Duration of direct sun and mean radiant temperatures 

play a significant role in urban comfort. Another factor to the greenhouse effect is CO2 released 

by fossil fuel combustion.  

 

 

 

 

 

 

 

 

 

NO2 gets in the air from burning of fuel by traffic and industry. NO2 goes along with particulate 

matter and smog, figure 44. In Amsterdam the street stations measure higher than WHO 

instructions, figure 45. 

Figure 44: Measuring NO2 concentrations in Valkenburgerstraat 

"Meetpunt Valkenburgerstraat is weer live" ["Measuring point Valkenburgerstraat is live again"]. 

Valkenburgerstraat.wordpress.com, Wordpress, 23 Dec. 2017, Accessed 19 Aug, 2018. 
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Reducing the UHIE will make a city more sustainable to live in. Now the impact is minimal 

because less than 10% of green roofs are installed. It is mainly vehicles that are releasing 

pollutants. Therefore, the solution to this does not lie in green roofs. An alternative is the 

movable green walls.  

Valkenburgerstraat (between Mr. Visserplein and Anna Frank Straat), based on current 8 green walls 

Green wall area 

(m2) 

CO2 reduction (1.875 per 

m2/per year) (ton/year) 

NO2 reduction (15%)  

mg/m3 NO2.x 

Fine dust (PM10) reduction of 

25 % (μg /m3) 

 Before After  

128 240 59 50 3,181 

Weesperstraat (between Weesperplein and Nieuwe Heerengracht), based on possibility of 10 green walls 

Green wall area 

(m2) 

CO2 reduction (1.875 per 

m2/per year) (ton/year) 

NO2 reduction (15%) 

mg/m3 NO2.x 

Fine dust (PM10) reduction of 

25 % (μg /m3) 

 Before After  

160 300 37  31.5 3,976 

 

 

 

 

The movable green walls seem very effective at reducing air pollution, table 4, impacting the 

sustainability positively.  

  

Valkenburgerstraat (V) 

Weesperstraat (W) 

Figure 45: NO2 concentrations in Amsterdam’s streets measured 

by NSL monitoring stool, 2012.   

Dekker, Iris. "NOx Concentrations and exposure in Amsterdam 

and over Europe." library.wur.nl, University of Wageningen, 

Mar. 2014, library. Accessed 19 Aug. 2018. 

Table 4 created by candidate: Fine dust, CO2 and NO2 reduction as an effect of green wall 

implementation 

CO2 and PM10 data are taken from figure 15. 

* NO2 measurements from “Overview of the NO2 readings for specific locations”. luchtmeetnet.nl, 

RIVM, 18 Aug. 2018. Accessed 19 Aug. 2018. 

 

(V) 

(W) 
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Absorption / Reflection 
A last point that the interviewees mention is the absorption and reflection rate of green roofs. 

Green roofs can absorb up to 50% of sunlight and reflect 30% the remainder 20% passes and hits 

the surface of the roof. 

 

 

Weesperstraat (between Weesperplein and Nieuwe Heerengracht) 

Year Roof Area 

(m2)* 

Green Roof 

Area (m2)** 

Dark Roof 

Area (m2)* 

Dark Roof 

(DR) (%) 

Light 

Roof Area 

(m2)* 

Light 

Roof (LR) 

(%) 

Avg daily max 

Temperature 

(oC)*** 

Avg daily min 

Temperature 

(oC)*** 

2018**** 18,560 745 17,815 96.0 0 0 15.35 6.81 

2017 17,670 720 16,950 95.9 0 0 14.91 8.21 

2016 17,670 680 16,990 96.2 0 0 14.94 7.91 

2015 17,670 640 17,030 96.4 0 0 15.01 7.90 

2014 17,670 605 17,065 96.6 0 0 15.83 9.02 

 

Valkenburgerstraat (between Mr. Visserplein and Anna Frank Straat) 

Year Roof Area 

(m2)* 

Green Roof 

(GR) Area 

(m2)** 

Dark Roof  

(DR) Area 

(m2)* 

Dark Roof 

(DR) (%) 

Light 

Roof (LR) 

Area 

(m2)* 

Light 

Roof (LR) 

(%) 

Avg daily max 

Temperature 

(oC)*** 

Avg daily min 

Temperature 

(oC)*** 

2018***** 23,220 2,250 19,620 84.5 1,350 5.8 15.35 6.81 

2017 23,220 2,175 19,695 84.8 1,350 5.8 14.91 8.21 

2016 23,220 2,050 19,820 85.4 1,350 5.8 14.94 7.91 

2015 23,220 1,930 19,940 85.9 1,350 5.8 15.01 7.90 

2014 23,220 1,825 20,045 86.3 1,350 5.8 15.83 9.02 

     

 

In table 5 the roof tops are split in green, dark and light roofs. The type of roof covering has an 

influence on absorption and reflection rates of the shortwave radiation. The effects of the albedo 

of green roofs is lowering urban heat storage, thus substantial for environmental sustainability. 

Table 5 created by candidate: Roof Area split in Green, Dark and Light Roofs, and Annual average temperatures  

* Google Earth. “Aerial/Satellite image of Valkenburgerstraat, Amsterdam (52o22’09.98 N and 4o54’22.17 E).” Google Earth. 

Google, 25 March 2017. Web. 19 August 2018 

* Google Earth. “Aerial/Satellite image of Weesperstraat, Amsterdam (52o21’51.47 N and 4o54’22.02 E).” Google Earth. Google, 

25 March 2017. Web. 19 August 2018 

**De Jong, Jaap. "Change in Green Roof development." Monitor Agenda Groen, De Gezonde Stad, 2018. Accessed 19 Aug. 

2018. 
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The daily temperature, figure 46 and the shortwave radiation absorbed, figures 47, 48 and 49, are 

released as long wave radiation, influencing the UHIE. For surface temperatures, absorption 

percentages of green and white roofs are equal. 
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Figure 46: created by candidate: Average max / min temperature for Valkenburgerstraat and Weesperstraat 

*** Temperature data from “Weather History." Weather History, MeteoBlue, 31 July 2018, www.meteoblue.com. 

Accessed 31 July 2018 (see table 5). 

**** 2018 Average is based on 212 days (see table 5) 

 

Figures 47, 48 and 49 created by candidate: Types of roofs with their absorption and reflection percentage 

*Data from interviews 

** Absorption data from "Absorbed Solar Radiation by Surface Color." engineeringtoolbox.com, engineering  

     toolbox. Accessed 19 Aug. 2018. 

** Reflection data from "Materials - Light Reflecting Factors." engineeringtoolbox.com, engineering  

     toolbox. Accessed 19 Aug. 2018. 
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Weesperstraat (between Weesperplein and Nieuwe Heerengracht) 

     Absorption of the radiation Reflection of the radiation 

Year GR 

%*  

DR 

%** 

LR 

%** 

Shortwave 

Radiation 

(kWh)*** 

Green Roof  Dark 

Roof 

(80%) 

Light 

Roof  

(20%) 

Green 

Roof  

(30%) 

Dark 

Roof 

(20%) 

Light 

Roof 

(80%) 
Plants 

50% 

Roof 

surface 

20% 

2018**** 4.0 96.0 0 77.71 1.6 0.6 59.6 0 0.9 14.9 0 

2017 4.1 95.9 0 82.13 1.7 0.7 63.2 0 1.0 15.8 0 

2016 3.8 96.2 0 79.17 1.5 0.6 60.8 0 0.9 15.2 0 

2015 3.6 96.4 0 79.21 1.4 0.6 61.2 0 0.9 15.3 0 

2014 3.4 96.6 0 102.63 1.7 0.7 79.2 0 1.0 19.8 0 

 

Valkenburgerstraat (between Mr. Visserplein and Anna Frank Straat) 

     Absorption of the radiation Reflection of the radiation 

Year GR 

%*  

DR 

%** 

LR 

%** 

Shortwave 

Radiation 

(kWh)*** 

Green roof 

 

Dark 

roof 

(80%) 

Light 

roof  

(20%) 

Green 

roof  

(30%) 

Dark 

roof 

(20%) 

Light 

roof 

(80%) Plants 

50% 

Roof 

surface 

20% 

2018**** 9.6 84.5 5.8 77.71 3.7 1.5 52.4 0.9 2.2 13.1 3.6 

2017 9.3 84.8 5.8 82.13 3.8 1.5 55.6 1.0 2.3 13.9 3.8 

2016 8.8 85.4 5.8 79.17 3.5 1.4 54.0 0.9 2.1 13.5 3.7 

2015 8.3 85.9 5.8 79.21 3.3 1.3 54.4 0.9 2.0 13.6 3.7 

2014 7.9 86.3 5.8 102.63 4.1 1.6 70.8 1.2 2.4 17.7 4.8 

 

Black roofs reflect radiation for 20% but are hot, as they absorb 80% of direct sun light and 

radiation. Light roofs reflect the 80% and absorb 20%. A compromise is green roofs, absorbing 

70% of which 20% passes through to the roof surface and 50% to the plants, table 6. Green roofs 

mitigate the UHIE and adding onto the environmentally sustainable environment.   

Table 6 created by candidate: Annual average temperatures in relation to the absorption and reflection of heat to Green Roofs 

* Taken from table 1 

** Taken from table 4 

*** Shortwave Radiation data converted from W/m2 into kWh, “Weather History." Weather History, MeteoBlue, 31 July 2018, 

www.meteoblue.com. Accessed 31 July 2018 (see table 5). 

**** 2018 Average is based on 212 days  
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Conclusion 

In conclusion to the question: “To what extent do green roofs and green walls make 

Amsterdam centrum East district more environmentally sustainable”, the following 

statements can be made: 

- Urban environments magnify heat waves, building integrated vegetation is an insurance 

policy for later. 

- The government uses green infrastructure as a tool to motivate and drive further individual 

initiatives. 

- Building integrated vegetation supplement traditional green spaces. 

Overall it can be concluded that green roofs and walls: 

- In Amsterdam centrum East district make up a large surface area. 

- Don’t take up space but ensures the district of resources to protect its environment. 

- Are a design reintegrating nature; the vegetation ameliorates the air quality in urban 

canyons, like Valkenburgerstraat and Weesperstraat. 

- Are popular solutions and contribute to the well-being of a city, not only on the 

environmental aspect but also promoting social and economic sustainability. 

- Expand the opportunity for green space and integrate easily in urban areas beautifying the 

buildings and views. 

- Include the important role for land use, material, energy and biodiversity optimally by 

reducing the buildings energy demand and land surface temperatures. 

- Make the district deal better with storm water issues, anthropogenic heat and solar 

irradiance. 
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- Supplement to traditional green spaces. 

- Are beneficial to develop a sustainable district. This is recognized by the municipality of 

Amsterdam, having a team focusing on sustainability together with the urban planners. 

 

Pollution is not significantly affected by sedum roofs and intensive green roofs are often not 

practical enough due to the costs of managing them. An alternative is the movable green wall, 

used to benefit air quality. Based on the aforementioned statements, green roofs and walls make 

Amsterdam centrum East district more environmentally sustainable and have the potential to 

make them even more so.  

 

 

 

  



 
 

41 
hbv878 

Evaluation 

Analysis of the Valkenburgerstraat and Weesperstraat demonstrate how green walls and roofs are 

applicable to existing, modern infrastructure, with flat roofs so that possible calculations are 

restricted. Amsterdam is a diverse city with areas of cultural heritage, figure 50, industrial harbor 

and residential suburbs.  

 

.  

 

 

 

 

 

Focusing on Amsterdam and its existing infrastructure does not enable to demonstrate the 

innovation involved in construction of intensive green walls and roofs. Such principles are a new 

form of architecture sought by commercial buildings to please consumers and improve the 

aesthetics of the city. Through incorporating vegetation within the building, integrity with a 

natural landscape can be achieved. The approach chosen for this analysis is more suitable for 

general situations. 

The choice for Amsterdam was partly made due to the number of companies, government 

institutions and individuals engaged in green infrastructure, it seemed possible to obtain a vast 

range of perspectives. A lack of responses limited primary research.  

Typical inner-city houses.  

Roof + surfaces not suitable for 

greenery 

Figure 50: Traditional Amsterdam houses. 

Inez & Andre .“B&B Goodnight Amsterdam." 

goodnightamsterdam.com. Accessed 19 Aug. 2018.  
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Ottelé, Marc. The Green Building Envelope: Vertical Greening. Delft, TU Delft, 2011. 

Reek, Kees. "Grootste groendak van Amsterdam op De Halve Wereld" ["Largest green roof of 

Amsterdam at 'De Halve Wereld'"]. www.dehalvewereld.nl, De Halve Wereld, 22 Apr. 

2011, www.dehalvewereld.nl/?page_id=44. Accessed 19 Aug. 2018. 

Ritchie, Hannah, and Max Roser. "Air Pollution." ourworldindata.org, Oct. 2017, 

ourworldindata.org/air-pollution. Accessed 19 Aug. 2018. 



 
 

46 
hbv878 

---. "Urbanization." ourworldindata.org, Our world in data, 2018, 

ourworldindata.org/urbanization. Accessed 23 Sept. 2018. 

Sjöberg, Karin, and Martin Ferm. "Concentrations and emission factors for PM2.5 and PM10." 

www.sciencedirect.com, Science Direct, Oct. 2015, 

www.sciencedirect.com/science/article/pii/S135223101530282X#! Accessed 19 Aug. 

2018. 

Stone, Brian. The City and the Coming Climate: Climate Change in the Places We Live. New 

York, Cambridge UP, 2012. 

Suite Plants. "Veghel." suiteplants.com, Suite Plants, 2017, www.suiteplants.com/veghel/. 

Accessed 23 Sept. 2018. 

TomTom. "Map of Amsterdam." nl.viamichelin.be, Michelin, 2017, 

nl.viamichelin.be/web/Kaarten-Plattegronden/Kaart_Plattegrond-Amsterdam-_-

Noord_Holland-Nederland. Accessed 19 Aug. 2018. Map. 

Van Schagen, Lisa, Ir. E-mail interview. 13 June 2018. 

Van Zoelen, Bart. "De CityTree is aaibaar" ["The CityTree is cuddly"]. 

valkenburgerstraat.wordpress.com, wordpress, 5 Dec. 2017, 

valkenburgerstraat.wordpress.com/2017/12/05/de-citytree-is-aaibaar-maar-schoon-wordt-

de-lucht-er-niet-van/. Accessed 19 Aug. 2018. 

Velazquez, Linda. "Greenroofs.com Project of the Week: October 9, 2017." greenroofs.com, 

Greenroofs.com, LLC, 9 Oct. 2017, www.greenroofs.com/blog/2017/10/09/greenroofs-

com-project-of-the-week-for-october-9-2017-zoku-metro-pool-building-roof-garden/. 

Accessed 19 Aug. 2018. 



 
 

47 
hbv878 

Vincent, Paul F., et al. "Amsterdam." Brittanica.com, Encyclopedia Brittanica, 17 Aug. 2018, 

www.britannica.com/place/Amsterdam. Accessed 19 Aug. 2018. 

Wandl, Alexander. Urban heat vulnerability mapping in Amsterdam (and Rotterdam). resilient-

cities.iclei.org, resilient-cities.iclei.org/fileadmin/sites/resilient-

cities/files/Resilient_Cities_2014/PPTs/H/H1_Wandl.pdf. Accessed 19 Aug. 2018. 

WHO. "WHO report shows urban green spaces deliver multiple health benefits." euro.who.int, 

WHO, 2 Nov. 2010, www.euro.who.int/en/health-topics/environment-and-

health/pages/news/news/2016/11/who-report-shows-urban-green-spaces-deliver-multiple-

health-benefits. Accessed 11 June 2018. 

Winters, Floris. "Operatie groendak in Amsterdam" ["Operation green roof in Amsterdam"]. 

library.wur.nl, University of Wageningen, 2010, 

library.wur.nl/WebQuery/edepot/155420. Accessed 19 Aug. 2018. 

Wintle, Michael J., et al. "Netherlands." Brittanica.com, Encyclopedia Brittanica, 17 Aug. 2018, 

www.britannica.com/place/Netherlands. Accessed 19 Aug. 2018. 

Wong, Eva, editor. "Green Roofs." Reducing Urban Heat Islands: Compendium of Strategies, 

edited by Eva Wong, Environmental Protection Agency, 9 May 2017, 

www.epa.gov/sites/production/files/2017-

05/documents/reducing_urban_heat_islands_ch_3.pdf. Accessed 1 Mar. 2018. 

Wood, Antony, et al. Green Walls in High-rise Buildings. Mulgrave, Images Publishing, 2014. 

World weather attribution. "Heatwave in northern Europe, summer 2018." 

worldweatherattribution.org, World weather attribution, Aug. 2018, 

www.worldweatherattribution.org/attribution-of-the-2018-heat-in-northern-europe/. 

Accessed 23 Sept. 2018. 



 
 

48 
hbv878 

Yeang, Ken. "Ecoskyscrapers and Ecomimesis: New tall building typologies." Council on Tall 

Buildings and Urban Habitat, CTBUH 8th World Congres, 2008, 

global.ctbuh.org/resources/papers/download/447-ecoskyscrapers-and-ecomimesis-new-

tall-building-typologies.pdf. Accessed 1 Mar. 2018. 

Zinco-Greenroof. "Rooftop farm in Zuidpark, Amsterdam." zinco-greenroof.com, Life on roofs, 

2018, zinco-greenroof.com/references/rooftop-farm-zuidpark-amsterdam. Accessed 19 

Aug. 2018. 

  



 
 

49 
hbv878 

Interviews 

Interview 1 with Ir. Lisa van Schagen, architect at “De Dakdokters” in Amsterdam. 

Candidate: In you experience what is the most important quality of green roofs and facades? 

Lisa: Heavy rains storms occur more than they used to and cause more and more inconvenience. 

Buffering storm water is so important that together with my colleagues at “De Dakdokters” we 

have invented “Polder roof”. 

Candidate: What are the advantages of Polder roof? 

Lisa: A good way to collect and control storage water to be re-used for green roofs. The 

adjustable flow of irrigation water helps to establish a climate adaptive city.  

Candidate: Do you have knowledge about what a green roof and wall does for air quality? 

Lisa: One thing I remember from studying is that the positive effect on filtering air is quite mild. 

Roofs don’t do so much, and facades can only reduce the ppm (parts per million) of fine dust by 

14%, if you use the best plants, in the most optimal scenario, on a completely green façade. Not 

worth it: the only way to make a difference is to eliminate cars (and other sources), put them in a 

tunnel, or make them run on electricity of course. 

Candidate: I have read about the insulation advantages, what is your experience with that? 

Lisa: It is quite clear that green roofs do not help insulating the building in winter: the roof is not 

part of the continuous insulation layer of the building. It does help in the summer: it can deflect 

sunlight and prevents the roof surface from heating up (and therefore the room beneath it). This 

is quite effective. 
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Candidate: Could you provide me with data and calculations? 

Lisa: We don’t have those. I think the literature list in my graduation report might help you get 

further. Of course, you can pick a certain area in Amsterdam, but that depends on what you want 

to research. Storm water issues? Green roofs on monuments? The Wibautstraat / Weesperstraat is 

interesting, because of the flat roofs and big buildings in the city centre (quite unique). The South 

is interesting, because I think they have the biggest water problems (Rivierenbuurt). 

 

 

Interview 2 with Ralf Markvoort, from Dutch Green Roofs.  

Ralf Markvoort has a nursery in Holten (The Netherlands) that supplies green roof products since 

2009. His name caught my attention because he made the green roof on top of the ABN AMBRO 

corporate headquarters in Amsterdam. I went to see his work field and interviewed Ralf.  

Candidate: Thanks for taking the time to show me around and answer my questions. I can see a 

large area of low plants what is it you are growing? 

Ralf: I sow sedum plants on mats of coconut fiber. 

Candidate: How long does it take for the sedum to be full grown? 

Ralf: Between one and two years before growing on a green roof. 

Candidate: You start them from seed? 

Ralf: No, I mow off existing sedum areas. I then plant the sprouts on mats of 2 by 1.2 meters but 

also in separate plugs and in special made containers.  
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Candidate: The mats look like a carpet, there are different flowers. Do you use a mix of 

varieties and why is sedum a good choice for a roof? 

Ralph: Sedum has a shallow root system. The plant survives on 3 cm of this coconut fiber and 

substrate. Sedum is originally found in dry and cold areas. The plants can take temperatures from 

negative 20 degrees Celsius to 40 degrees Celsius and need little nourishment. I add nutrients 

once a year. Sedum is low maintenance and grows tight which is good against weeds.  

The plants are low growing with a large range of colors and flowers when using different 

varieties. On a roof I mix 20 types. The leaves and stems store water. Many species can recover 

quick after three months without water.  

Candidate: Why do you chose coconut fiber as a basis? 

Ralph: It comes from the shell of the coconut, a waste material. Very light weight. Coconut fiber 

retains water, improves drainage, air flow and is PH neutral.  

Candidate: What do you use when creating a green sedum roof? 

Ralph: Root resistant filter fabric as a first layer. Drainage mats help the plants to have longer 

access to water. lava rock which is lightweight and has a good water holding capacity. It slowly 

releases nutrients. I add an organic mix.  

To separate the gravel edge, from the sedum I use perforated Aluminum L profiles. The gravel 

border is compulsory for safety reasons and can either be made from loose pebbles or gravel 

tiles. This is a precaution because dried out sedum could catch fire; however, I have never seen a 

case of this.  
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I usually try to work with the lightest material possible when planting on an existing roof. 

However, depending on the slope of the roof different types of drainage mats sometimes are 

required, and so roof structure should be assessed.  

(Ralf shows me all of the material) 

Candidate: When do you use the plants in the plugs and containers? 

Ralf: The plugs I can plant separately in an open space or in an area with some more variety. 

The Ecopan are those containers of recycle plastic. I can lift two roof tiles and place one Ecopan 

instead. It has reservoirs for water and a substrate layer with the sedum growing on it.  

Candidate: What is the cheapest way of installing a green roof?  

Ralf: I freshly mow sedum here at the nursery and provide a mix of 8 types of sedum sprouts 1 

kilogram for 10 meters squared. After two years the roof is full grown.  

Candidate: What are the advantages of a green roof?  

Ralf: A green roof gives less shrinkage, extends longevity of the roof because of additionally 

layer of protection. It looks good! Green roofs keep spaces cooler in summer and warmer in 

winter, up to 3.6oC. Plants absorb 50 percent of sunlight and reflect 30 percent. 20 percent passes 

and hits the surface. Through improved energy efficiency, a sedum roof pays for itself after five 

years. Works good until 45-degree slope. Drains water slowly, and you can use a 

“bufferdrainagemat” for better results on a sloping roof.  

My customers demand sedum because of the low maintenance. I do use herbs by occasion. A 

green roof creates a micro habitat for invertebrates even butterflies and birds also. In the city the 

sedum reduces and effects the level of fine dust pollution.  
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Candidate: I see you have a display of a solar panel on a sedum roof. How does that work 

together? 

Ralf: Above 25o C a solar panel works less efficiently. The cooling effect of the sedum roof 

improves the panel output. 

Candidate: How much water is being retained by a green roof in average? 

Ralf: In general, a green roof can store up to 60% of the rainfall, the other 40% is the runoff, 

which can either be stored in cisterns or goes into the public sewer systems. 

Candidate: Do you install all green roofs yourself and how do you work on such height? 

Ralf: In the Netherlands and Belgium I do provide all materials to make a green roof. For offices 

and private residence. I take care of the transportation and maintenance. In whole Europe I ship 

my plants and necessary materials. I just recently delivered in Switzerland and Iceland.  

Working on a roof is not an easy task. Safety is important. On a slope I use roping. Getting the 

material up there is a lot of effort. I have a ladder hoist. For larger areas renting a lifting platform 

does the job.  

Candidate: What does it cost to make a sedum roof green? 

Ralf: The costs depends on the current constructing of the roof but can go up to € 40 per m2. 

  

 


