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General Advice 

In this report, we present urban greening designs which we believe to be the most promising to contribute to the aims of urban greening in Amsterdam. 

During the length of the project, we were able to create conceptual designs which are supported by existing scientific literature. While doing so we also 

discovered gaps in the current knowledge of urban greening which should be tested to further support the potential benefits of the designs. Due to time 

constraints and the broad scope of the project, we provide next actions required to further validate and bring these designs into the city. We suggest 

that the following steps be taken. 

 

1. Present the designs to potential partners and/or clients for research 

During the development of the designs, some potential benefits were found to still require scientific support, therefore needing direct testing. 

Amsterdam Green Campus can utilise the knowledge institutes within their network or reach out to potential clients for support in the validation 

research. 

2. Build a pilot of the designs 

For validation of the benefits of the designs, empirical tests should be conducted on a prototype of the design itself. Members of the SME 

alliance can be involved in bringing about the pilot for the designs and a future Tesla project can be designed to assess the more practical 

aspects of actualising the prototype, for instance considering the best location for the prototype to achieve the aim and maximum benefits of 

the design. 

3. Research and testing for validation 

The scientific knowledge still required to support the designs are discussed and summarized in this report. By working together with research 

partners, students of the MBO/HBO institutes, or future Tesla students, the answers to these questions will fill in the knowledge gaps. These 

questions provide a potential base for future research projects.  

4. Create a business model canvas for the validated product/design 

Once the gaps in knowledge are filled in and the designs are scientifically validated, we recommend that a business canvas be made for each of 

the designs to present to a potential customer on a big scale (e.g. the municipality of Amsterdam or large company offices). A business model 

canvas will allow the identification of the value the product/design can bring to their targeted customer as well as the potential interaction with 

customers i.e. measuring air quality levels prior to installation. The canvas will also identify key partners and resources as well as predicting costs 

and revenue.  
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The client 

 

Niek Persoon 
Director of  Amsterdam Green Campus, Faculty of 
Science Swammerdam Institute for Life Sciences, 
University of Amsterdam 
 
Contact 
n.l.m.persoon@uva.nl 
0646738330 

As director of the Amsterdam Green Campus, Niek Persoon is 
responsible for a variety of projects within themes of the Green Sector, such 
as green genetics, green food, green chemistry and the green environment.  
 The Amsterdam Green Campus (AGC) is a collaboration of 
knowledge and education institutes,  businesses and the government with 
the vision to innovate and valorise the Green Sector. They strive towards 
using the triple helix (education, businesses and governments) to facilitate 
the exchange of knowledge throughout these sectors. The Amsterdam 
Green Campus, founded by Michel Haring, is the entrance to the University 
of Amsterdam’s wealth of scientific knowledge at Amsterdam Science Park. 
 This knowledge institute is not widely known or used by business 
communities and could be more frequently tapped into to meet the 
challenges of the future. Especially considering the fact that the Netherlands 
is the second-largest exporter of agricultural products worldwide and 
therefore has a large societal and environmental impact. Consequently, 
application of the interdisciplinary knowledge and approach that the 
Amsterdam Green Campus facilitates will have a great impact. This service 
should be considered as indispensable in solving complex problems 
associated with climate change and urbanisation on an international scale. 

Project goal 

Quite recently, in 2017, Niek Persoon has brought together a 
consortium of 12 small to medium sized enterprises (SMEs) with a combined 
potential in urban greening to form an alliance (see Appendix D). These 
SMEs have different expertise, ranging from detailed plant knowledge to 
sensors measuring air quality. Already, some of them have previously 
worked together in outdoor and indoor urban greening solutions.  
 Three interdisciplinary master students from the University of 
Amsterdam have been assigned to challenge the SME alliance perspectives, 
create designs and guide the alliance on sustainable, scientifically backed 
urban greening. The five month duration of the project, facilitated by the 
Tesla minor, would allow for a scientific-consultancy approach. The aim was 
to create an integrated, sustainable service-product for the SME alliance, 
encompassing aspects of alliance products ready for the marketplace. 
Considering the novelty of the alliance, the number and range of different 
SME members, and the limitations of their technologies the project aim was 
altered slightly. This project focuses on creating innovative urban green 
solutions based on scientific literature while addressing the current gaps in 
knowledge. These outdoor and indoor designs, based on factor analyses of 
twelve outdoor and seven indoor designs, are presented in this report. A 
plant database was also constructed and is linked to these designs to 
substantiate claims on the effects of plants on air quality.  

This project hopes to reinforce urban greening innovations and 
catalyse the product development process in the Green Sector, making it 
more accessible as technologies are normalised. Secondly, this will lay the 
basis for further discussions, decisions and implementations of urban 
greening. Lastly, these promising urban green designs have potential to 
bring the SME alliance to a higher level and strengthen their collaboration.  
Further explanation on the possible next steps the alliance can take in terms 
of organisation are addressed in the Working Together Towards Urban 
Greening: Strengthening the SME alliance report. 
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The Tesla Team 

 

   
Charlotte Gredal 
Masters Ecology and Evolution at the University of 

Amsterdam 

 

 
Contact: 
charlotte.gredal@student.uva.nl 
+44 7957397793 

 

Farah Rahman 
Masters Brain and Cognitive Sciences at the University of 

Amsterdam 

 

 
Contact 
farah.rahman@student.uva.nl  
+31 0682755037 

 

Nouschka Veerman 
Masters Biomedical Sciences, Neurobiology at the 

University of Amsterdam 

 
Contact 
nouschka.veerman@student.uva.nl  
+31 0610849834 

 

 

We are three Master students from science faculties at the University of Amsterdam who are utilising our different scientific academic backgrounds in the 

interface of science, business and society.  This project addresses a complex societal problem that requires the combined effort of science and business 

and was brought to us by the minor Tesla.  
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Introduction

2% of the global land surface is a city. 50% of the world’s population 

live in this area. This is where 70% of the global greenhouse gas (GHG) 

emissions are produced (UN-Habitat 2011) and has been a consequence of 

the “Grow now, clean later” mentality driving global development (Gill et al. 

2017). Changing this developmental slogan is becoming more and more 

urgent, considering the magnitude of social and environmental problems it 

has caused. These problems are only exacerbated by the influence of climate 

change with shifts in precipitation patterns and temperatures (McMichael et 

al. 2006; Patz et al. 2005; Luber & McGeehin 2008).  

The effects of these changes are already evident. One of the main 

concerns is the rise in incidence and intensity of heat waves, with noticed 

increases in mortality rates of the elderly due to overheating. One example is 

the heat wave that struck Europe in June 2003. This intense weather event 

wrought havoc on the European population and resulted in over 30,000 

deaths (Encyclopaedia Britannica, 2018). 

The effects were augmented due to Europe being unprepared for 

such a large scale natural disaster. The effects also weren’t just isolated to 

people; the heat caused glaciers to shrink by 10%, more than 25,000 fires 

were recorded across Europe as well as cascading effects on the agricultural 

industry due to the earlier maturation of crops and drying of soils (UNEP 

2004; Haines et al. 2006). Changes in weather patterns can also cause a 

higher prevalence of diseases (Haines et al. 2006; Tan et al. 2007; Bowler et 

al. 2010). Moreover, urbanisation has led to increases in materials, such as 

concrete and asphalt, which do not allow water to infiltrate through to the 

ground. This puts strain on water management systems and contributes to 

flooding. These same materials also have a high thermal conductivity, 

meaning they absorb more solar radiation and increase the temperature of 

the surrounding area (Sani, 1990; Taha, 1997). This results in much higher 

temperatures being experienced in urban areas compared to rural areas, and 

has been aptly named, the ‘urban heat island effect’ (Bowler et al., 2010) 

(Figure 1). The urban heat island effect exacerbates warmer temperatures, 

increasing the threat to cities (WHO 2016). 

 

(Source: http://www.crh.noaa.gov/) 

Figure 1. Temperatures in different urban areas 

 

The Netherlands 

As a developed country, The Netherlands is highly urbanised and this has led 

to urban sprawl - the encroachment of rural land as cities expand (Brueckner 

2000) (Figure 2). Urbanisation has led to the increase of impermeable 

materials as well as an abundance of pollution in urban areas due to vehicle 

emissions.  The urban problems that The Netherlands experiences due to 

rapid urbanisation are summarised in the infographic in the next page.  

http://www.crh.noaa.gov/
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Cities in the 

Netherlands are no strangers 

to the effects of the urban heat 

island, with cities recorded to 

be 7-9℃ warmer in the 

summer months (Gill et al. 

2007). TU Delft together with 

KNMI data were able to map 

this heat island effect on a 

summer day with a 

temperature of 29℃.  This map 

shows temperature increases 

of up to 10℃ in areas of dense 

population. With the effects of 

climate change, this raise in 

temperature will have major 

effects to vulnerable 

populations such as infants and 

the elderly (UNEP 2004).  

The European 

Commission (2017) have raised concerns regarding the air quality and 

biodiversity preservation in The Netherlands. The European Environment 

Agency estimated that 11,530 premature deaths were caused by particulate 

matter concentrations alone in 2013. These issues have direct impacts on the 

economy, such as the loss of 4 million workdays a year (see infographic), 

which has been estimated to cost The Netherlands €13 billion a year (EU 

Commission, 2017). Amsterdam, Rotterdam and The Hague are among the 

worst performing European cities in terms of the economic cost of traffic 

congestion and the vast amounts of carbon dioxide and particulate matter it 

consequently produces (EU Commission, 2017). Particulate matter is a 

composition of small chemical, soot and dust particles which can be classified 

Figure 2. Map of urban area distribution in the 

Netherlands 
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into two sizes: PM10, 10 microns or less and PM2.5, particles less than 2.5µm 

in diameter. As these particles are so small, they can be easily inhaled into the 

lungs and cause respiratory diseases (Sandiegohealth.org).  

With Europeans estimated to spend 90% of their time indoors 

(European Commission, 2003), it is not just the outside pollution that needs to 

be focussed on. A surprising number of everyday items and appliances can 

produce harmful volatile organic compounds (VOCs) such as adhesives, 

chipboard, printers and paints (Kobayashi et al. 2007). VOCs have a very low 

boiling point, which means large amounts of compounds can be released into 

the air. For example, formaldehyde, which evaporates from paint, has a 

boiling point of only –19 °C. Together with xylene and benzene, these three 

compounds have found to be harmful to health even at relatively low levels 

(Bahadar et al. 2014; Kandyala et al. 2010). They can also cause drastic 

environmental consequences such as VOCs forming with nitrogen oxides 

forming smog (Bahadar et al. 2014).  

 

Towards greener cities 

Urban greening has been defined as increasing the abundance of 

green space in an urban area (Gill et al. 2007; Bowler et al. 2010). Green 

infrastructure and the use of vegetation can regulate ambient air 

temperatures by absorbing additional heat and moisture (Taha 1997). 

Additionally, greening promotes health and productivity while it reduces 

levels of stress (Haq 2011; Mennis et al. 2018) (see infographic 2). In recent 

years a “green surge” has been seen across Western Europe and other 

developed parts of the world, encouraging green to mitigate the effects of 

urbanisation to create a cleaner, healthier environment (Braquinho et al. 

2015; Hassell & Coombes 2007; Aupetit et al. 2013). 

Cities hold the key to green development and urban greening 

projects are vital in the transition to create a more sustainable way of living. 

Sustainability comprises a combination of imperatives that include ecological, 

economic and social incentives (Dale 2001). Sustainable development is 

defined as development that meets the needs of today without compromising 

the needs of future generations (Kimengsi & Fogwe 2017). An interdisciplinary 

approach is essential in tackling the effects of climate change, which is only 

augmented by urbanisation, and to incorporate sustainability into the 

forefront of development (IPCC, 2014). 

Figure 2. Map of temperature increase in Amsterdam 
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The importance of improving access to green spaces in cities has 

been stated in the United Nations Sustainable Development Goals 

(Sustainabledevelopment.un.org, 2015), the WHO Action Plan (WHO, 2012), 

and the New Urban Agenda of Habitat III (UN-H3, 2017). These documents 

pose as the guidelines around urbanisation for the next 20 years. This 

awareness and commitment have led to green urban projects around the 

globe. Among the most successful urban greening strategies are those in the 

western world, with Europe leading the way (De Sousa, 2003). Examples of 

this include the UK and its conversion of derelict, urban, brownfield sites into 

green spaces (De Sousa, 2003), and Toronto with 1,500 parks covering over 

12% of the urban area (City of Toronto, 1999). With rapid urban growth 

concentrated in Asia, it is now more important than ever to find innovative 

ways to reduce the harmful effects of urbanisation and climate change 

(Matsumoto & Daudey, 2014). With the developed world having the 

technology to innovate these solutions, it is imperative that cities such as 

Amsterdam, a pioneer of urban greening, lead by example and green the way. 

Although promising results exist on green urban infrastructure, it 

must be emphasised that policy and management practices are lagging 

behind the growth of scientific knowledge surrounding urban greening (Jim & 

Chen, 2009).  New green technologies need implementation and society 

needs to adopt these changes. In addition, public awareness and 

understanding of risks need to increase to prepare people for the impacts of 

climate change. This requires grand scale action. If the triple helix of business, 

government and knowledge institutes actively collaborate in investing a 

greener future, they can significantly contribute to mitigating climate change 

and adapting to urbanisation (Harris et al. 2017).  

Even though urban greening has potential to create a sustainable 

environment and stimulate ecosystems, pitfalls still exist (Yalcinalp, 2017; 

WHO, 2016). It is a common belief that although areas have accomplished 

becoming physically greener, the biodiversity of the area is often neglected. 

One such instance is the growth of Singapore, whose growth consumed over 
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half of the total land area by 1990 and is responsible for the disappearance of 

approximately three quarters of local species (Brook et al. 2003; Dearborn et 

al. 2010). Therefore it is vital to ensure that the vegetation that is planted as 

part of green infrastructure has similar ecological benefits to that of natural 

vegetation and where possible, incorporated into urban planning schemes of 

the future. 
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1. Potential clients 

Considering the local effects of urban greening on our environment, in terms of water retention, waste management, energy saving as well as the social 

benefits it can offer, urban green solutions are to be implemented on large scales. To be able to scale up the effect of urban greening, (local) governmental 

departments as well as large companies are potential clients for the indoor and outdoor greening designs presented in this report. These parties are discussed 

below. Knowledge and educational institutes can use the knowledge gaps identified in this document to set up future collaborations with government and 

business communities to test and develop the designs. 

 

Local governments 

Although cities cover 2% of land surface worldwide, they are estimated to 

account for 67% of the energy-related global greenhouse gases 

(International Energy Agency). Exposing citizens to local biodiversity and 

vegetation can trigger interest in environmental issues and enhance pro-

environmental behaviour (WHO, 2016). Cities can be key to mitigating the 

effects of urbanisation and climate change. Consequently, urban 

governmental bodies, have the power to promote change. This is a 

realisation on a European scale. Project PERFECT from the European Union 

(see appendix D), shows the involvement of local governmental bodies, 

including Amsterdam, in formulating an action plan towards green and 

smart cities.  

In the Netherlands we can see that the municipality of Amsterdam 

owns 80% of the land (City of Amsterdam, 2015a), has the ability to change 

the outlook of our current living environment as well as future building 

prospects and policy change. Amsterdam is a frontrunner in becoming an 

energy-neutral city, by lowering energy consumption through: 

● Retrofit municipal buildings to reduce CO2 emissions to achieve 

their goal of lowering energy consumption by 20% by 2020 (City of 

Amsterdam, 2015b) 

● Adding green to urban environment and existing buildings by 

subsidising the greening of 50,000 m2 of roofs and facades from 

2015-2018. This is achieved with programmes like Amsterdam 

Rainproof (City of Amsterdam, 2014) and the Green Agenda (City of 

Amsterdam, 2015c). 

● Allocation of 33 million euros for projects and investments that 

align with the cities sustainability goals by the Amsterdam’s 

Sustainability Fund (City of Amsterdam, 2016).  

Currently, they are working on a new Environmental Plan to be launched in 

2019 based on the Netherlands’ Environment and Planning act. These 

activities show that Amsterdam wants to adapt existing and create new 

urban environments with a sustainable and energy-neutral mindset. One, 

that aligns with the mindset of the Amsterdam Green Campus.  

Following this reasoning, Amsterdam’s municipality can be 

addressed as a potential client. The greening designs that are presented in 

this document, pose novel and retrofit solutions for existing urban 

environments to become more sustainable and environmentally inclusive. 

We foresee promising results towards these green goals when collaborating 

with the municipality of Amsterdam to pilot these promising green designs. 

 

Large businesses  

Larger businesses with more than 250 employees (CBS Statistic 

Netherlands, 2015),   also have the resources and potential to scale up 

green infrastructure and concepts. Businesses in the Netherlands have 

shown their willingness to work together with knowledge and education 

institutes to collaborate in testing and developing innovative green 
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concepts. One such business is Royal Flora Holland, a current member of 

the SME alliance. Through top sector programmes like the Green Agenda, 

their aim is to bring knowledge to practice (Royal Flora Holland, n.d.). 

Another large business is Schiphol Airport. They elaborate on sustainable 

policy and solutions (Royal Schiphol Group, 2017) and have signed the 

Airports Sustainability Declaration (2016). Royal Schiphol Group mentioned: 

“Sustainability transcends the interest of our company. We are talking 

about a sustainable future for society, here. We acknowledge that it is our 

responsibility to carry out our activities in such a way that is well-considered 

and safe for our neighbours, the environment and our colleagues”. This 

shows that they are committed to improving the environment to make 

their business as sustainable as possible. Already, another SME member 

(Green Art Solutions) has built one of the first green roofs in the 

Netherlands at Schiphol Airport. Based on their previous collaboration and 

shared interest in sustainable green solutions, Schiphol is a potential client 

in piloting the greening designs. Some of the selected indoor greening 

designs may address the Royal Schiphol Group’s postulated concern for 

their employees and colleagues wellbeing.
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2. Approach 

As the base to create promising indoor and outdoor greening designs, we gathered extensive information through interviews and existing literature. Throughout the 

journey, we ensured that the designs have benefits which are scientifically substantiated. The steps we followed to do this are further specified below. 

 

1. Information gathering 

We started by expanding our knowledge of urban greening as well 

as the environmental issues in Amsterdam. We obtained this 

information through interviews of experts in the field (see 

Appendix D): Sjerp de Vries from Wageningen University (expert on 

social psychology benefits of urban green areas), Jelle Hiemstra 

from Wageningen University (expert on urban greening, green 

infrastructure, and its benefits), Geertje Wijten (GGD Amsterdam), 

Saskia van der Zee (senior researcher at GGD Amsterdam), Mira 

Merme (co-founder of OneFarm), Gerard Oostermeijer (expert on 

biodiversity and conservation management), Mariël Droomers 

(expert on public health and urban greening). We also attended an 

event held by European Project PERFECT where we gained insight 

from various European City Councils and Governmental 

departments on green infrastructure, as well as insights from the 

founder of the Dutch initiative Rooftop Revolutions Jan-Henk 

Tigelaar. In addition, we contacted eleven of the twelve SME 

alliance members within the Amsterdam Green Campus to gain 

their insights in urban green and their (potential) contribution. 

 

2. Literature review 

To ensure the designs are scientifically supported, we delved into 

scientific papers in various fields of research. Particulate matter, 

volatile organic compounds (VOCs), urban heat islands, green 

roofs, green walls, indoor and outdoor air quality in Europe, 

psychological benefits of green, and plants for air quality 

improvement are among  

the few topics that we tapped into. We also looked into existing 

greening policy documents of Amsterdam, Toronto, Melbourne, 

and Tokyo for extra considerations which may be necessary to 

keep in mind for a green solution in an urban area. 

 

3. Design development 

Based on the knowledge gathered on the effectivity of urban 

greening as well as the understanding of the current 

environmental issues that Amsterdam faces, we created several 

indoor and outdoor nature-based solutions which we believe can 

provide added benefits, both environmental and social, to the 

Amsterdam community.  

 

4. Design analysis 

These designs were assessed and scored using a factor analysis 

based on criteria obtained from our literature review, which are 

explained in Table 1. Due to several differences in criteria, separate 

factor analyses were made for indoor and outdoor designs. The 

indoor and outdoor design with the highest score in the factor 

analyses was selected for further assessment and literature 

research. Since the benefits of a design towards air quality depends 

highly on the assortment of plants used within the design, we 

created a plant database of air improvement capabilities separate 

to the assessment matrices of the designs based on literature.  
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Table 1. Criteria for design analysis 

Criteria Outdoor Indoor Description 

Retrofit   The ability for the design to be installed on an existing building/infrastructure. As our client 

focus is local governments and large businesses, we proposed that designs with a capacity to 

be added onto existing buildings without any major structural changes would be most 

beneficial. For instance, intensive green roofs will have to support a lot more weight due to 

the greater amounts of vegetation included in the design. Some buildings may not be able to 

support this weight. Designs such as the green bench are a stand alone structure that may 

have to be attached to a building for safety but the building characteristics will not have to 

change.  

Water retention   This is partly dependent upon the plant species used but also the amount of soil used within 

each design. Designs that allow for more vegetation and soil will score higher than those with 

comparatively less. We chose to include this as a criteria as when looking into green 

initiatives of other cities, the City of Moonee Valley, Australia,  has stated that allowing for 

water sensitive development will aid in slowing stormwater run off and can prevent potential 

flooding (Mvcc.vic.gov.au, 2018).  

Air quality   The scoring of this criteria is highly dependent on the plant species included in the design. 

The surface area and weight it can support was chosen as a way to represent the area plants 

can grow and the amount of plants it can hold. As mentioned before this is merely the 

potential as both these factors are highly dependent on a variety of plant species in terms of 

air purifying potential. 

Biodiversity potential   Similar to the air quality criteria, biodiversity is also highly dependent on the plant species 

included in the design and therefore is assessed based on the surface area and weight of the 

design. The larger the score, the higher the possibility of having a diverse array of plants to 

encourage bird and insect species within city environments.  

 

Local temperature improvement   As suggested by Asdrubali et al. (2012) plants can reduce the surface temperature of the 
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potential building itself as well as the ambient air temperature. As cooling potential of vegetation also 

increases with size (Bowler et al. 2010), the surface area should also be considered to 

increase temperature mitigation potential. For indoor designs, temperature reduction is 

dependent on the amount of evapotranspiration (Perez, 2010) of the plants in the design. 

The designs are therefore scored according to the possible amount of plants included as part 

of the design. 

Social wellbeing   As there are a multitude of factors determining social wellbeing we set 6 proxies. Enhanced 

physical activity is one potential benefit of greening solutions and is more evident in designs 

which promote the use by people e.g. public amenity parks and roof gardens (Ross 2007).  

Ecotherapy, the ability of nature to improve our well-being, will have important contributions 

to stress, social cohesion and productivity (Felsten 2009; Ross 2007; Burls 2007; Aupetit et al. 

2013; Castleton 2010). Engagement with nature and aesthetics were also set as criteria as 

this can significantly affect public perception of the design (Madureira & Anderson 2014; 

Felsten 2009; Priego et al 2008).  

Safety   This was marked in regards to associated risks of the design such as fire hazards (DCLG 2013). 

Noise reduction   The potential for a nature based solution to reduce noise in the surrounding area should not 

be overlooked (European Parliament, 2002). This is dependent on the thickness of the 

vegetation and substrate layer as well as the relief of the surface (European Parliament, 

2002). Plant type will influence the results for this criteria, however it is possible to predict 

groups of plants which can potentially be used in the design such as climbing plants for 

vertical designs.  

Mobility   We also scored the design in terms of how possible it would be to uninstall the design and 

install it somewhere else. We initially had this category to cater for homeowners to prevent 

the design being bound to one place to increase the longevity of the product.  

Maintenance   This criteria is also dependent on the plants chosen but scoring was mostly based on the 

structure of the design in terms of possible repairs. 



 

14 

3. Outdoor Urban Green Designs 

To ensure the designs we created were scientifically backed and to show that they were comparable with existing urban greening designs (e.g. green roofs), we 

created a matrix based on significant parameters we picked out from the literature survey. The criteria will be outlined and discussed below. A score of 1-5 was 

given for each design and each criteria, with 1 being poor and 5 being very good, and was relative to the scorings of the other designs. Twelve outdoor urban green 

designs were evaluated on different criteria, we will later go on to explain how the highest ranking design can meet the criteria we have set for sustainable, 

scientifically sound urban designs.  As the concepts we created were designed for the ability to retrofit so these scored relatively highly in this category when 

comparing them to the green roof options. Although the promotion of physical activity is important for urban greening, this benefit mainly occurs from the 
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installation of open green spaces. The same could be said for social cohesion, as parks in cities provide places to meet and socialise (Coolen & Meesters 2012). Many 

of these designs were Many of the criteria are dependent upon plant type so the designs were scored in accordance to how much vegetation it can support. For 

instance, the designs that allowed for a greater surface area covering will score highly in terms of the potential to increase air quality and biodiversity.  

The highest ranking design overall, and in many of the criteria, was the green archway composed of guided climbers. It is thought based on literature, that this 

design would contribute most to the improving the environment and social well-being.  

 

In regards to greening the exterior we have defined the following knowledge gaps: 

● Will installing many green solutions across a city improve biodiversity? 

● Can plants significantly reduce VOC and PM concentrations significantly in a “real” environment? 

● What is the capacity of green solutions to reduce street noise levels? 

● Are urban residents missing a sense of community, and can this be improved through greening strategies which promote social cohesion? 
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3.1 Outdoor Urban Green Design: The Green Archway 

The problem  

Urban areas are much warmer than 

rural areas due to the lack of vegetation and 

increase in materials which absorb heat such 

as concrete and asphalt. This urban heat island 

effect has led to temperatures in cities being 

much warmer in the summer which can have 

drastic consequences such as heat related 

morbidity (WHO 2016). This risk is increased 

with the occurrence of extreme heat events 

such as the European heat wave of 2003.   

City buildings have a high energy 

demand, which increases fossil fuel 

consumption and greenhouse gas emissions (Asdrubali et al. 2012). As cities contribute to 

over 70% of the GHG emissions globally (UN-Habitat 2011), it is imperative that 

innovative solutions are created to reduce energy consumption and thus GHG emissions.   

 

The aim 

It is hard to bring nature into a city and even harder to get people to experience 

nature and reap the benefits of interacting with it. The archway was designed to bring 

nature to the streets of Amsterdam. It is designed with the possibility to retrofit this onto 

existing builds to make it as accessible as possible for an existing city with environmental 

problems.  

The foundation of the arch will be composed of a wire rack which will provide a medium 

for the aerial roots of climbing plants to adhere. There will be a thin soil ground layer 

which will provide substrate for the plants to grow. Here climbing plants such as H. helix 

can be planted as well as shrubs, if space permits. 

This plant layer will insulate the building which will save the building energy by 

reducing heating and cooling costs in the winter and summer respectively. This design 
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also has important implications for the urban heat island effect as it can reduce the surface temperature of the building as well as reducing the surrounding air 

temperature for locals. This altogether will contribute to improving the social wellbeing for those who use it. Whether it is glancing at it from your window or walking 

through it on your commute to work, merely seeing it in a day to day setting will reap many psychological benefits as well as encouraging more nature into the city. 

The more designs like these re normalised and encouraged, the greater the overall benefit.   

Due to a special constraint in cities, this innovation allows nature to be integrated into the city even when space is limited. It allows people to interact with 

nature in a city environment by allowing them to walk through the arch and be immersed in nature. 

In the section below, we will elaborate on the specifics of the Green Archway design with regards to the benefits and pitfalls of each criteria. Potential 

research questions are also identified and are italicised below each section.  

3.1.1 Saving energy 

Evidence shows that in an industrialised country, such as The Netherlands, 

the building sector contributes to 40% of the total energy demand 

(Asdrubali et al. 2012; Eurostat 2011). Nature based solutions and urban 

greening can thus play an important role in terms of fossil fuel savings and 

greenhouse gas reduction. Sustainable materials require less energy for their 

production when compared to conventional materials (Asdrubali et al. 

2012). In addition to this, having a vegetation covering in the form of a green 

wall or roof can reduce the total energy demand of a building having a 

positive thermal insulation effect (Pérez et al. 2011). This will also contribute 

to air pollution reduction as less energy will be needed from power plants, 

meaning less carbon dioxide being released into the atmosphere (Bianchini 

& Hewage 2012a). Dinsdale et al. (2006) showed that covering a building 

with vegetation, both walls and roofs, reduced the heating demand by 25%. 

Due to this design having a climbing section with the aim of covering a 

whole surface, it is thought that this would also contribute to lowering the 

energy demand of a building. 

While it is known that green roofs contribute to the energy balance, part of 

the effectivity could be because of the soil insulation (Sailor et al. 2008). This 

design does not have a soil layer covering a building surface so the potential 

effect may be lessened. This is one aspect that would need testing, but it has 

been shown that significant energy savings can be met by the combination 

of evapotranspiration and shading by the plant canopy (Sailor et al. 2008). 

Green facades have also been found to contribute to the energy reduction 

of a building with a 4.5°C in Mediterranean climates which equivalates to a 

43% energy saving for air conditioning (Ottelé 2011; Alexandri & Jones 

2008). This compares to a temperate climate where the temperature 

reduction was 2.6°C (Alexandri & Jones 2008). Nonetheless, green vertical 

layers within temperate climates should not be overlooked as it is suggested 

they can have important insulation properties in colder temperatures, with 

studies estimating a 1.2% saving on heating (Ottelé 2011). Another study 

involving vertical vegetation (shrubs and trees) found that the energy 

consumption increased in winter due to the amount of shadow produced by 

these plants (Bass 2007). Nonetheless, overall the energy consumption was 

decreased due to the space between the green façade and the wall acting as 

an insulating layer and reducing wind speed (Bass 2007). Research will be 

needed into the capacity for this design to save energy costs, and it is likely 

to be very dependent upon the plants used and the percentage total 

covering of those plants. 

What effect does this design have on energy savings of a building? 
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3.1.2 Urban heat islands 

Urban areas are known to be much warmer than surrounding rural areas 

even after the offset of industrial heat production (Price 1979). This has 

been termed the urban heat island effect (Price 1979). Due to the dark 

colour of buildings in cities, this can absorb energy from the sun and can 

increase the surrounding ambient air temperature and surface temperature 

of buildings, warming the city (Alexandri & Jones 2008). The urban heat 

island effect has also been postulated to be caused by the energy 

entrapment within an “urban canyon” (Nunez & Oke 1977). The term urban 

canyon was coined by Nunez & Oke (1977) in recognition of the 3D 

characteristics of the urban canopy. A canyon is created when there is 

ground (usually street) between two adjacent buildings (Figure X). 

This will then have socio-economic impacts such as higher air-conditioning 

costs, an increased energy demand and heat-related illnesses as seen in the 

heatwave in Europe, 2003 (Bianchini & Hewage 2012a; UNEP 2004). This 

heat island effect does not pose a threat to rural areas due to the greater 

amounts of vegetation. Trees and plants aid in the control of the ambient air 

temperature by evapotranspiration (Sailor et al. 2008; Bianchini & Hewage 

2012b). Plants can use solar energy to control temperature by releasing 

water vapour into the atmosphere (Sailor et al. 2008). Vegetative surfaces 

offer lower surface and ambient air temperatures when comparing the 

energy fluxes to a concrete surface (Alexandri & Jones 2008). If both walls of 

an urban canyon are greened with facades the air temperature can be 

decreased by 2.5 – 3.9 °C (Alexandri & Jones 2008). The heat transfer 

through a concrete wall is 

significantly lower if the wall is 

covered in vegetation (Pérez et 

al. 2011). With living walls 

reducing the energy transfer 

into a concrete wall by 0.24 kW 

h / m2 (Hoyano 1988). Urban 

areas do not have 

enough vegetation to 

cool down the ambient 

temperature, making it 

imperative to 

introduce nature into 

the city. Adding 

solutions such as this 

archway to a city with 

limited space is integral 

if we want to 

contribute to a 

healthier 

environment. If 

enough of these solutions are installed in a city, the air temperature 

reduction has potential to combine and reduce the magnitude of the urban 

heat island effect (Sailor et al. 2008). 

The contribution to the heat island effect will also be dependent upon the 

thermal conductivity properties of the substrate. Thermal conductivity is the 

ability of a medium to conduct heat energy, high thermal conductivity allows 

heat to transfer faster. Studies by Sailor et al. (2008) suggest that the 

variation in thermal conductivity of soils is much smaller in those used for 

greening strategies than compared to the wide variation seen in naturally 

occurring soils. The soil moisture was also found to play a significant role in 

the thermal conductivity of the soil which are shown in the graph below 

(Sailor et al. 2008). This effect will change seasonally and diurnally 

depending on the moisture status of the soil (Sailor et al. 2008). It should be 

noted that to ensure the urban greening design is mitigating effects of the 

urban heat island that specific considerations need to made for watering 

regimes. Due to the limited soil requirement of this design the effect of 

Figure 3. Thermal conductivity correlation with soil 

moisture 
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thermal conductivity is diminished but should be considered for future 

designs, particularly extensive and intensive green roofs. 

 It cannot be ignored that green roofs have more potential to mitigate the 

urban heat island effect as these horizontal surfaces receive more solar 

radiation in the summer (Alexandri & Jones 2008). However, as the ground 

surface is also affected by the horizontal surface temperature but cannot be 

alleviated by green roofs; it has been suggested by Alexandri & Jones (2008) 

that radiative cooling by green walls can reduce the air temperature by an 

additional 2°C. This is where the archway holds immense potential in 

alleviating the urban heat island effect. When initially designed it resembled 

an arch (as seen in the left diagram, previous page), when considering the 

potential impact it could have on reducing both ambient and surface 

temperatures the arch was extended to amplify these potential effects 

(Alexandri & Jones 2008). It should be considered that installation of the 

green archway could be installed alongside painting the roof of the building 

a lighter shade as seen in L.A (Akbari et al. 2001), providing a cheaper 

alternative to greening both walls and roofs. 

  

  

Can the green archway decrease the ambient air and surface temperature of 

a building? 

Considerations: 

Green roofs and walls have a greater effect in warmer drier climates 

(Alexandri & Jones 2008) 

3.1.3 Air Quality  

As this design is aimed at promoting vertical growth for plants with aerial 

roots, it is suggested that climber plants are used as a vegetative base. 

When composing our plant database based on air quality, the plants that 

appeared most suited for this design are Hedera sp, such as Hedera helix. 

This evergreen climber will ensure greenery throughout the year. Hedera 

helix among other climbing plants will be able to climb a wire rack, designed 

by Floor van Schaik, scaling the building. The arch itself, which could be 

extended to a tunnel, would have a geotextile layer which would potentially 

allow for more vegetation to be planted which needs a more solid surface 

such as mosses. The area close to the building will have a substrate area 

where more plants can be grown which require a greater growing medium 

e.g. ferns, which roots can reach 15cm).  

 

Plants can reduce the local particulate matter concentration as particulates 

stick to plant surfaces by wind currents (Currie & Bass 2008; Bidwell & Fraser 

1972). Some of this particular matter (PM2.5, PM10) will remain adhered to 

the surface whereas others will be absorbed (Currie & Bass 2008). Plants can 

also take up gaseous pollutants through the stomata on the leaf where they 

will be converted into acids among other chemicals (Baldocchi et al. 1987).  

Even though there is potential for a combination of plant species to increase 

the local air quality it may be possible that vegetation is only a temporary 

site for particulate matter as weather conditions may dislodge the particles 

Figure 4. Urban canyon structure 
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and re-suspend them in the atmosphere by winds or washed off into the soil 

by rain water (Wesely 1989). Current models testing particulate matter 

removal fix the re-suspension rate for PM10 value at 50% (i.e. 50% of all 

PM10 collected will be re-suspended into the air or soil), but it has been 

pointed out that this is an overestimation than measured (Ould-Dada & 

Baghini 2001). This may lead to the PM10 removal rates to be 

underestimated which may affect other study results (Yang et al. 2008).  

Trees have been found to be the most important vegetation strategy for 

improving air quality by pollutant removal, with shrubs and grasses making 

significant contributions (Currie & Bass 2008). The importance of tree 

planting should not be overlooked when creating urban green solutions 

however tree planting can be hard to incorporate into an existing city space. 

If urban greening policies were to be developed in Amsterdam to improve 

air quality, it would need to target a large number of buildings to have a 

significant impact on air quality (Currie & Bass 2008). Air quality is generally 

of worse condition during the day and in higher temperatures, which is 

known to accelerate smog formation (Currie & Bass 2008). Due to this it is 

suggested that where possible, adding evergreen or coniferous species 

would aid best in improving the air quality in Amsterdam. For instance, 

Juniper species are able to trap particulate matter all year round due to their 

sticky surface. However, if the stomata get covered (e.g. snow), this will 

reduce the functionality (Currie & Bass 2008). 

 

Air pollutant removal of plants used in green solutions is affected by the 

concentration of air pollutants, weather conditions and the growth of the 

plant itself (Yang et al. 2008). A study of air pollutant removal in Chicago 

showed that the highest levels of pollutant removal occurred during May 

when the leaves are fully expanded, this is also when pollutant 

concentration was highest (Yang et al. 2008). The lowest removal rate was 

recorded in February when the vegetation is sparse or covered by snow 

(Currie & Bass 2008; Yang et al. 2008). Although this study occurred in 

Chicago, these are variables to consider when testing the designs. It is 

possible that results can be extrapolated and reveal greater significances 

during summer months when the designs are likely to be tested by 

Amsterdam Green Campus.  



 

21 

One consideration regarding 

all initiatives involving 

vegetation is that plants can 

also become a source of 

pollution (Yang et al. 2008). 

Plants will produce pollen as 

well as potential substrate 

erosion under forceful winds 

can raise particulate pollution 

(Tan & Sia 2005). VOCs can 

also be emitted by plants 

such as ozone (Benjamin & 

Winer, 1998). This may contribute to the poor air quality and consequential 

health effects such as asthma (Marino et al. 2015). It should be made sure 

that plant selection in designs like these should aim to mitigate these effects 

with selective planting where possible.  

One potential pitfall regarding the design is that there is a societal 

perception barrier regarding wall vegetation. Although a wall can appear 

aesthetically pleasing (Gilbert, 1992), wall maintenance often occurs to 

remove vegetation as it can be considered untidy (Francis 2011). These 

negative perceptions have potential to be amplified based on seasonality, 

with vegetation potentially looking more impressive during the growing 

season when species are in flower (Francis 2011). Nevertheless if the 

negative perceptions of vertical vegetation can be overcome, these 

initiatives offer potential pshycological benefits for urban dwellers by 

providing exposure to greenery and engagement with nature (Francis 2011; 

Clayton and Myers 2009; Fuller et al. 2007; Weinmaster 2009).   

Adding to this although plants can work to reinforce walls by acting as a 

binding agent to the wall they have established on, these plants can also 

cause damage and compromise the structural integrity of the wall (Lisci et 

al., 2003; Mishra et al., 1995). However, recent studies have shown that 

vegetation can act as a bioprotective role, in particular Hedera helix 

(Coombes et al. 2018). H. helix was found to reduce microclimate 

fluctuations and reduced freezing event occurrences by 26%, duration by 

34% and severity of the freeing event by 32% (Coombes et al. 2018). When 

extrapolated, Ivy was shown to reduce frost-driven erosion of limestone by 

30 g m-2yr-1 (Coombes et al. 2018). Although the caution of ivy causing 

damage should not be overlooked, vertical greening holds promise as an 

innovative solution to incorporate urban greening into a city ecosystem.  

We created the plant database as a way of collating plants with a known 

effect of improving air quality either in terms of volatile organic compounds 

(VOCs) and particulate matter (both PM2.5 and PM10). Although we 

collected scientifically backed data there may be more plants that may be 

suitable for mitigating air pollution. Studies have shown that the ability of a 

pollutant to adhere to a plant is affected by the leaf surface. For instance 

plants that are hairy, resinous and course can capture more particles 

(Beckett et al. 1998; Beckett et al. 2000b; Beckett et al. 2000a), meaning 

that there may be a lot of plants that have been overlooked when 

contributing to air quality such as tomato plants. Within conifer species the 

more stomata the leaves have as well as greater levels of epicuticular wax 

will increase particulate matter uptake (Zhang et al. 2017).  
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3.1.4 Noise reduction 

The European parliament set new regulations for noise in 2002 which has 

led to innovative solutions in regards to noise management. Vegetation has 

become increasingly popular to manage noise pollution however there has 

been struggle in quantifying results from residents as they are based on a 

subjective perception (Joynt & Kang 2010). This study also found that if 

residents are involved with the design it can dramatically alter public 

perception (Orsman 2003). Further research suggested that an inverse 

correlation exists between aesthetics and the perception of how a noise 

barrier would perform (Joynt & Kang 2010). Vegetation barriers which were 

composed of deciduous vegetation and were judged most appealing 

aesthetically, were also judged as least effective at reducing noise (Joynt & 

Kang 2010). Then again a study by Yang et al. (2011) used EEG experiments 

which showed that over half of the participants within the study overrated 

the ability of vegetation on the roadside to attenuate noise. Plants affect the 

emotional processing of humans which means there is a psychological 

mechanism at play (WHO 2016). 

 

Can this design attenuate noise and will it depend on the public perception of 

the design? 

3.1.5 Safety and risk assessment 

As with any design containing organic matter there is an associated risk of 

fires. This risk can increase depending upon the location of the design in 

regard to wind conditions and nearby vegetation. Assessment of 

surrounding vegetation on installation should also be considered as this may 

also increase the fire risk (Aupetit et al. 2013). Plant type can also influence 

fire hazard, those with high concentrations of volatile oils should be avoided 

when choosing plants involved in the design to reduce fire risk (DCLG 2013). 

Fire resistive vegetational structures, such as succulent or grass-based 

systems, can be used to increase the water quantity within the design 

reducing the fire risk (DCLG 2013). Nevertheless, it has been suggested that 

if the system is prevented from drying out this will reduce the fire risk 

dramatically (DCLG 2013). 

3.1.6  Logistics 

The position of the design should be thought into as the influence of 

buildings and distance to source emissions will affect the concentrations of 

air pollutants in the area and thus the efficiency of plant air filtering (Yang et 

al. 2008). The design should also be installed in consideration to light 

availability which will also be dependent upon species. For instance, Hedera 

helix prefers shaded environments so it would be suggested that an 

East/West placement would be most suited. The design should of course not 

obscure any road signs so the width of the street, pavement and distance to 

traffic signs should be taken into consideration also. 

The dimensions of this retrofit design will be determined on the building it 

installed on and should be seen as customizable in regards to height and 

width. Although ease of maintenance will also have to be considered and 

should be made sure that the structure can be accessed to alter direction of 

plant growth if required. The microclimate within the tunnel is also likely to 

be different to the external environment, this is certainly one aspect that 

can be tested. This may affect plant growth within the tunnel and may 

hinder the air purifying capacity of these plants. 

Possible high initial installation costs of green initiatives will be paid-back in 

long-term benefits (Yang et al. 2008). This is one reason that puts the public 

off sustainable solutions. Once the industry becomes standardised and the 

construction and maintenance costs are reduced more and more solutions 

may be adopted. Studies have shown that installation costs of green 

initiatives in the U.S. are ten times that in Europe (Philippi 2006). It is 
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initiatives within countries such as the Netherlands that need to pave the 

way for a greener future. 

  
Although green roofs have the potential to contribute a lot in terms of air 

quality improvement (69 kg ha-1 yr-1 green roof removal rate of SO2, NO2, 

PM10, and O3 in Toronto (Yang et al. 2008)), the structural integrity of an 

existing building may not be suitable. When consulting Joosten Ecodak, one 

of the SME players as part of the Amsterdam Green Campus alliance, before 

a green roof project can begin a construct engineer will have to calculate 

whether the build is possible. This can potentially limit the number of 

customers and buildings these solutions can be used on. Moreover, based 

on consultation of Mariël Droomers (researcher and advisor at municipality 

of Utrecht, consulted on April 24th 2018) the municipality of Utrecht is 

believed to focus more on accessible greenery for a large public rather than 

for private usages. As green walls and facades are often more accessible to 

the general public eye than a roof, it is therefore thought to have a higher 

impact on its citizens. The Green Archway was designed with the idea that it 

can have a retrofit characteristic, which would mean it would be able to be 

added to existing builds and cause less complications. 

One major pitfall with a green roof is the manufacturing process in regards 

to the polymer materials (polyethylene and polypropylene) used (Bianchini 

& Hewage 2012a). Research has shown that green roofs are only sustainable 

on a long term basis as they can take between 13-32 years to even balance 

pollution due to polymer production (Bianchini & Hewage 2012a). Although 

a green roof can be seen to be doing good by the potential benefits it offers, 

ensuring the manufacturing process is sustainable is essential if urban 

greening strategies aim at promoting the environment and mitigating the 

harmful effects of pollution (Sev 2009). Then again it is possible to mitigate 

these effects by using more sustainable materials such as the geosynthetic 

layer of Joosten Ecodak. The product they have available limits the amount 

of plastic they use and apply recycled materials when possible.  

The Tesla students also wanted to be creative and innovative within their 

designs and felt that offering something novel would be more beneficial. It 

should be realised that the green roof cannot be seen as a stand-alone 

measure to combat air pollution. It is with the creation of innovative 

solutions that allow more diversification in the nature we see within a city, 

promoting different habitats and ecological networks with the potential to 

improve air quality as well. 
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3.2 Alternative outdoor urban green designs 

Aside from the reen archway, we have created other novel design concepts for Amsterdam along the process. Although these designs did not score as 

high as our selected designs, we believe each of them has good prospects with further research and development. 

 

Green bench 

As the case for the green archway, this design was created with the intention to 

increase human interactions with nature in their environment. The planter box is 

disguised as a bench for people to sit and enjoy the green climbers behind them. The 

plants for this structure can be modified according 

to necessity: common ivy for air improvement in 

areas with higher pollution (Sæbø et al., 2012) or 

climbing plants which can also provide fruits and 

vegetables for households. 

 

Green bus and tram stop 

With the immense number of bus and tram stops 

in Amsterdam, there is great potential in increasing 

the amount of green in the city by turning them 

into green roofs. Not only does it have the 

potential to absorb air pollutants, they are also in 

close proximity to the main sources of air pollutants: vehicles. The best choice of 

plants for this structure is of course those that do not have deep roots. With a 

careful selection of plants, the green roofs could also serve as oases for various 

insects, increasing biodiversity.  

 

 

Retrofit green tower 

Currently existing urban greening infrastructure in Amsterdam are often installed at 

lower levels of a building. The retrofit tower was designed to provide greenery which 

can be viewed by building inhabitants at low and high levels. This vertical and narrow 

living wall can be installed in any already existing building and 

easily detached and reattached to another. Connecting the top 

end of the tower to a drainpipe will help reduce the 

maintenance by the collection and use of rainwater for the 

plants. 

 

 

Moss panel 

Moss is often used as a bioindicator for air pollution in the air 

due to its ability in absorbing VOCs and airborne heavy metals 

(Macedo-Miranda et al., 2016; Reimann et al., 2001). Moss is 

relatively easy to maintain and needs less space than a living 

wall. Furthermore, the panel can be modified to grow in the shape of images and 

graffiti, opening the opportunity for its use as an advertising board. However, care 

needs to be taken to ensure that the moss panel does not dry out, such as 

determining the direction it faces (relates to the amount of sunlight it receives), air 

humidity, and wind strength and direction. 

 Moss playground 

Young children are among the most vulnerable group against heat islands (McGeehin & Mirabelli, 2001). The negative impact that heat 

causes in children can be dampened by reducing the temperature in their environment through greenery. These playing panels are 

designed to be made of moss grown on blocks of wood to increase greenery in the children’s playground. Interactive games such as 

sliding puzzle and tic-tac-toe board made of moss will not only reduce the temperature and absorb air pollutants (Macedo-Miranda et 

al., 2016; Reimann et al., 2001), but will also increase children’s interaction with green and can be used as a media to educate children 

about the environment and familiarise them with greening. 
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4. Indoor greening designs 
People in developed countries usually spend more than 90% of their time 

indoors (Jenkins et al., 1992). Given this fact, it is important to consider our 

indoor living conditions at home, school or work, in relation to our wellbeing. In 

the matrix below, seven innovative greening designs are scored from 1-5 (i.e. 1 

= poor; 5 = very good) on the different criteria explained in the Approach 

section based on scientific literature. The Living Wall System (LWS) is included 

as an existing design that allows comparison (see for example Loh, 2008). 

The effects of indoor greening are diverse. For instance, the potential 

to improve indoor air quality improvement is low for the luscious lamp, but 

high for the Botanice Cube. The matrix shows that indoor greening in general 

can promote social wellbeing in terms of aesthetics, stress reduction, increased 

productivity and sometimes social cohesion and engagement with nature, but 

not through physical activity. The Botanic Cube complements these criteria the 

most and will be further discussed as the promising indoor design in section 

4.1. 

We have noted that studies focusing on social wellbeing often neglect 

the plant specific information. Moreover, the majority of the scientific 

literature on the effects of plants on air quality, refer to particulate matter or 

VOC deposition. This represent the amount of components found on the 

leaves. However for the importance of human health, research should address 

the concentration of pollutants in the air in micrograms per m3. These 

concentration levels are rarely measured or researched especially not in 
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relation to specific plant species as far as we know. Consequently, with regards 

to indoor greening, we have defined the following gaps in research: 

● The effect of plant aesthetics (e.g. flowering or not) on productivity. 

These can be determined by self-reported perceptions on these 

concepts. 

● Plant specific effects on reduced levels of VOC concentrations in 

microgram per cubic meter. 

● The effects of specific plant species, number (e.g. intensity) and 

diversity of plants on self-reported psychological wellbeing and 

productivity. 

● Plant specific information, with regards to density, leaf broadness and 

its ability to reduce noise levels.  

● Establishing relations between VOC concentrations, number of plants 

and psychological well-being. 
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4.1 Indoor greening design: The Botanic Cube 

The problem 

Unhealthy work spaces have multiple effects on employee wellbeing. From a 

psychological perspective, work spaces are often characterised by crowding and noise 

which can lead to chronic stress, loss of concentration and productivity (Largo-Wight 

2011). Other more biological issues that work spaces encounter are indoor air pollutants 

and excess CO2 levels. These air components are associated with symptoms such as 

headaches, short breath, coughs and dry eyes (Wargocki et al. 2000; Milton et al. 2000; 

Torpy et al. 2013; for a review Samet & Spengler 2003). Enhancing employee health 

through psychological and biological pathways can be done by creating green work 

spaces.  

 

The aim 

The botanic cube aims to promote a productive and healthy working 

environment that enforces engagement with nature. The botanic cube is envisioned to be 

an enclosed space that allows the control of air, light, temperature, humidity and noise.  

It can be used as a: 

● Meeting room. 

● Lounge room. 

● Co-working space. 

It makes use of a Living Wall System (LWS), wherein nutrients and water are systematically 

provided to an abundance of green foliage on the outside of the cube. For example, it 

controls and filters the airflow to the indoor space. While inside the cube, indoor plants 

regulate levels of humidity. These plants are diverse in their ensemble and high in number 

and therefore contribute to effects of productivity and psychological wellbeing of its users. 

As the LWS allows one to be creative with plants, it enhances the aesthetics of the cube 

itself. The plants for air filtration can be chosen based on the Plant Database (see Appendix E). To ensure vegetation diversity and intensity relevant for restorative 

potential of urban nature (Honold et al., 2014), we advise to use at least three different plant species in the vegetation ensemble.  
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4.1.1 Enhanced psychological effects - productivity and aesthetics 

The botanic cube has the potential to mitigate the effects of stress (Ulrich, 

1983; Ulrich et al., 1991) and increases attention (Kaplan, 1989; Kaplan & 

Kaplan, 2011). By allowing interaction with vegetation that is intense and 

diverse, this can restore attention capabilities of employees (Honold, 2014). 

Already indirect interaction with green - viewing green through windows or 

pictures – has been found to restore attention and increase productivity 

(Van den Berg & Custers, 2011), and has even been recorded at cortical 

brain levels (Lee et al, 2015). Continuing with this line of thought, one 

longitudinal study found that incidental interactions with green, such as 

presence of office plants, significantly increased perceived air quality and 

workplace satisfaction, as measures of employee wellbeing (Keniger, et al., 

2013;  Nieuwenhuis et al., 2014). Nieuwenhuis et al. (2014) argued that 

plants enhance work engagement through more physical, cognitive and 

emotional involvement in their work. 

 
Green not only has positive effects on work performance (e.g. Nieuwenhuis, 

2014; Bringslimark, 2009; Raanaas, 2011, Largo-Wight, Maller et al., 2005; 

WHO, 2016, Haq, 2011) but also on mood (Shibata & Suzuki, 2002), reducing 

stress, anxiety and anger (Keniger et al., 2013). The botanic cube 

incorporates both levels of interaction: users will have indirect (e.g. viewing) 

as well as incidental interaction with green (Keniger et al., 2013). 

Furthermore, the botanic cube enriches the office environment and 

optimises the intensity of plants. Vegetation intensity should not be too 

high, which is associated with a decline in cognitive performance (Larsen, 

1998). While minding that, increasing the amount of green has been found 

to coincide with an increase in productivity. 

 

  

However, these social studies do not focus on 

planting, containing little information on 

vegetation quantity, species, and height of 

plants, foliage or flowering, and features of 

the containers. This considered, the 

controlled environment of the Botanic Cube 

offers the possibility to research optimal 

density of specific plants necessary to 

achieve psychological benefits. 

4.1.2 Potential to optimise air quality 

The environment of the botanic cube facilitates control over the air filtering 

and flow. Consequently, it can enhance the indoor air quality that has been 

noted to be 12 times more polluted than outdoor air quality (Orwell et al., 

2004). Outdoor air quality relates to concentrations of CO2 and air 

pollutants, such as volatile organic compounds (VOCs) that can be especially 

harmful to humans. These harmful concentrations can be lowered by plants 

(see also Air Quality Guidelines by WHO, 2005). The plant database we 

collated (see appendix E), provides an overview of various plant species that 
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have been studied to reduce air pollutants through VOC uptake. It should be 

noted that such laboratory experiments are not easily extrapolatable to 

practical, genuine environments with holes and drafts (de Visser, 2018). 

Fortunately, recommendations with regards to amount of plants 

can be derived from some previous research. The Dutch advisory body 

Fytagoras claims that 350 grams of green mass per person relates to 

reducing formaldehyde levels by a half in 4 hours. This would amount to 

three medium sized plants on 75 m3 and is based on the well-established 

NASA studies by Wolverton & Wolverton (1993). However, we recommend 

using more plants per m3. Based on Wood et al. (2006), having three large 

potted Dracaenas deremensis (Janet Craig, 1.3 m height, 30 cm diameter 

pots), or six potted Spathiphyllum (Peace Lily, 35 cm height, 20 cm diameter 

pots) in existing office spaces of similar volume to the Botanic Cube (e.g. 30-

50 m3 building spaces) is sufficient to reduce total VOC (TVOC) 

concentrations by 50-70%. When TVOC concentration is below 100 parts per 

billion (ppb) the risk of TVOC on respiratory health is negligible (US EPA, 

2009). In offices without plants, TVOC concentrations range between 80-400 

ppb (Haag, 2005).  

These plants, as well as those included in the plant database are 

mainly potted plants that are not ideal for living wall systems. Still, we can 

include similar quantities of popular, shade-tolerant, ornamental house 

plants Epipremnum aureum (Money plant, evergreen climber), Hedera Helix 

(Green Ivy, evergreen climber) and Chlorophytum Comosum (Spider plant, 

60 cm height) for the LWS and the climber bench inside the Botanic Cube. 

The Botanic Cube provides a small-scale option to research the 

relation between plant species and how aspects of airflow, ventilation, 

intensity and diversity of plants are optimised in establishing a healthy 

working environment. This is relevant since, air quality depends on other 

factors as well. The uptake of air pollutants is also dependent on ventilation 

strategies of the room such as air conditioning (Dela Cruz et al., 2014) and 

various VOC concentrations (de Visser, 2018). The perception of air quality is 

noteworthy as well. Its perception is influenced by temperature and relative 

humidity (Wolkoff, 2018), which should be monitored in the Botanic Cube. 

Similar to Wood et al. (2006), temperature, relative humidity and CO2 levels 

are expected to remain constant in the Cube with 23 ◦C, 45% and 365 ppm 

recorded respectively. The optimum range of relative humidity is between 

30-60% (ASHRAE, 2001). It should be noted that if indoor CO2 

concentrations are higher than 1000 ppm, this can cause complaints (Torpy 

et al., 2013).  

4.1.3 Noise reduction 

A lack of privacy in recently popular open-plan office environments, is often 

related to noise complaints (Haynes, 2008). The Botanic Cube can be used in 

such a place to contribute to a combi-office (Van der Voordt, 2004), wherein 

disadvantages of closed and social interaction limiting office units and 

distracting open-plan offices are overcome. Furthermore, reducing noise 

levels can be effectively facilitated by vertical greenery systems for building 

walls (Wong et al., 2010). Greenery scatters noise, more so than other 

building materials and furnishings as sound diffusion depends on the relief 

or structure of the material. Consequently, the vertical greening of the LWS 

and the climber bench of the Botanic Cube can be beneficial in terms of 

sound absorption. This potential to reduce noise by vertical greening and 

the botanic cube itself can be further researched. The noise reduction  

potential will relate to thickness of vegetation, plant type, growing medium 

and plant coverage. However, green walls have been found to reduce  noise 

by 15 dB (Azkorra et al., 2015), or 31 dB (Thomazelli et al., 2016). 

Plasterboards with a wool-filled cavity can reduce noise by 70 dB (Azkorra et 

al., 2015), it is suggested that vegetation can then be used alongside existing 

sound reduction measures if vegetation alone is not sufficient at reducing 

noise. Consequently, the potential of noise reducing properties of green 

walls is something that can be further optimised and studied. 
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4.1.4 Temperature control 

Indoor plants contribute to temperature reduction through increased 

humidity from evapotranspiration, affected by the type of plant and soil 

moisture (Perez, 2011). For instance, the contribution of moss to 

temperature reduction is questionable due to the ease of water loss but also 

dependency on water (Charron & Quantrano, 2009).  In case species of moss 

are used, we recommend them to have water-stress resistance and/or 

drought-resistance. A study conducted at TNO found that it is the 

contribution of evapotranspiration of water to higher relative humidity that 

enhances the plants microclimate and stimulates employee productivity 

(TNO, 2006). 

4.1.5 Practical implications 

In order for the Botanic cube to be durable and live up to previously 

mentioned aspects, there are practical considerations to ensure its survival. 

For the plants in the Botanic Cube to grow and be maintained in terms of 

sufficient lighting, watering, soil, pruning and feeding, a well-understood 

scheme for management personnel is to be created. Furthermore, non 

harmful, sustainable materials of the physical building (e.g. asbestos-free 

and low VOC emitting) should be considered by using international 

standards. Assessing safety risks like flammability are to be noted. For 

instance, the LWS will be based on planter boxes rather than felt layers, as 

this will have a smaller environmental footprint by using less materials (for a 

review on cost-benefit analysis of LWS, see Perini & Rosasco, 2013). Filtration 

and monitoring systems for air, water and nutrients should be implemented 

in the designs as well. Further research can help establish the plants’ effect 

on microorganisms (bacteria and fungi; see Torpy et al., 2013), to which 

people can be allergic. 
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4.2 Alternative indoor designs

Aside from the botanic cube, three other indoor designs were created. Although these designs obtained lower scores, we believe they each have good 

prospects with further research and development. 

 

 

Green table 
Many individuals are interested in having green plants in their indoor environment due to its many benefits, however 
there isn’t always sufficient space for it. Like the well-known green wall, the green table is a way to integrate green with 
already existing surroundings. Having green indoors has shown benefits of increased attention. Stress reduction effects 
are pronounced when a large area of green is combined with high plant diversity (Honold et al., 2014). The size and 
design of the table can be modified according to different necessities such as a meeting room table or coffee table. If 
tabletop thickness is not an issue, the table can be designed as a planter box with a floating glass top with small plants 
such as spider plant (Chlorophytum comosum) and sword fern (Nephrolepsis exaltata) underneath. Moss can be used in 
exchange for plants if a thin tabletop is preferred and diversity can still be achieved using moss with different structural 
forms. 

 
Self-sustaining herb wall 
Living the ‘green’ lifestyle is not always about physical green but also about sustainability and using circular product, 
which is precisely what this design does. This herb wall installation doesn’t only provide fresh herbs for the kitchen; it is 
also self-sustaining. A hidden composting box is connected to the herb wall and provides nutrient-rich water to 
transport to the herb plants.  Furthermore, the cooking process is one of the main sources of indoor air pollution, such 
as formaldehyde and acrolein (Krzyzanowski, Quackenboss, & Lebowitz, 1990; Seaman, Bennett, & Cahill, 2009). Seeing 
as plenty of plants have the capacity to absorb VOCs from the air (see Appendix XX for plant database), it is possible that 
the planted herbs could provide the same service although research still needs to be done on the specific herb plants for 
confirmation. 

 

 

 
Luscious lamp 
Viewing nature has been claimed to have psychological benefits such as stress reduction and attention restoration 
(Hartig, Evans, Jamner, Davis, & Gärling, 2003) and one such way to integrate nature into the indoor environment is 
through overhanging plants. The first lamp is enclosed within a metal cage for climber plants to grow on with easy access 
to the small planter for watering. The second design is a lamp surrounded by a floating planter box with an automatic 
irrigation system. 
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5. Our perspective on urban greening 

The conceptual designs that we have presented were developed 

with the main goal of urban greening kept in mind: to improve the 

environment and living conditions for urban dwellers and employees. 

Using scientific knowledge as the basis of our designs, we believe that 

once the gaps in knowledge are filled in, our concepts have the 

potential to help reduce urban heat islands, improve the air quality, and 

eventually assist Amsterdam in becoming a healthier city.  

 Unfortunately, the benefits of these designs are somewhat 

limited so long as the cause of the problem is left untreated. The urban 

heat island effect is caused by the increased use of building materials 

which absorb heat, causing temperatures to rise. Poor air quality is a 

result of high emissions of greenhouse gases from the rising need for 

energy to support the lives of the increasing population. Having nature 

integrated within the city indeed reduces these environmental issues 

but only mildly (Hiemstra, 2018). Counteracting these effects to an 

extent where the environmental conditions are optimal for humans 

requires an immense amount of green which is unfortunately almost 

impossible due to the limited space available within cities. For instance, 

it is estimated that in the Valkenburgstraat in Amsterdam, 1550 trees 

along 500m of road will be required to uptake PM10 to an optimal level 

(van der Zee, 2018). At the moment, urban greening is therefore merely 

treating the symptoms and not the cause.  

 The environmental issues that we currently face are the 

consequences of our own living patterns. Increased population density 

in urban areas lead to the expansion of the city for housings, therefore 

reducing and fragmenting the habitat of local animals and plants. 

Consequently, the need for energy and food will also rise, which often 

yields greenhouse gases as a side effect. This is further amplified by 

fluctuations in local climates such as relative humidity, wind speed, and 

the amount of solar radiation which affect air quality (Salma, Chi, and 

Maenhaut, 2004). With the predicted increase in people living in urban 

areas, the environment degradation will only further escalate unless 

measures are taken to reduce our effect on the environment. In the 

long run, we need to tackle the root of the problem and prevent further 

degradation by changing our lifestyle. Reducing the use of heat 

absorbing materials for buildings and encouraging the use of electric 

cars are among the few actions that can be promoted as efforts to 

tackle the issues at the source. Targeting and treating the cause of the 

issues will have more impact and allow more room for urban greening 

to make a more significant contribution. 

To have a significant impact, changes in urban development 

need to be conducted on a city or national scale which can be ensured 

through policies and regulations for both increasing green initiatives and 

reducing the source of the problem. Providing incentives such as tax 

reduction for homeowners with water-saving green roofs and subsidies 

for green walls and roofs installations hopefully will increase the 

amount of nature within the city. Similarly, increasing taxes for owners 

of carbon-emitting vehicles will push individuals to cycle more or invest 

in electric cars. Policies and regulations such as these will ensure that 

efforts are invested to limit and reduce the negative impact that 

urbanisation has on the environment. 
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5.1 Greening guidelines 

Amsterdam currently already has long-term planning in place 

for policies and regulations for both increasing greening and reducing 

emissions. The Green Agenda (Agenda Groen) 2015-2018 states the 

vision and mission to increase more green in Amsterdam through city 

parks, increasing the focus on climate and biodiversity, and making 

green more accessible for residents of Amsterdam. It serves as a short-

term plan as part of the Amsterdam Structural Vision (Structuurvisie 

Amsterdam) 2040. Amsterdam also plans to improve its air quality 

through the plans stated in the Clean Air for Amsterdam: Towards an 

emission-free Amsterdam 2025. Included in the document are policy 

plans such as providing subsidies for electric vehicle owners, increase 

the availability of charging docks, and limiting parking permits for high-

pollution vehicles. 

In addition to the existing greening and emission plans in 

Amsterdam, we have also looked into greening guidelines of other cities 

in the world throughout the project. Currently, Amsterdam already has 

thorough long-term plans to achieve a green and healthy city, however 

we believe it would still be useful for the municipality of Amsterdam to 

study these other guidelines for potential input, especially regarding the 

issue of biodiversity.  

At the moment, the Green Agenda has specific goals of 

increasing the area of green roofs and adjusting existing policies to 

support this, however the actions to promote biodiversity is only briefly 

touched upon and can still be further specified. The Biodiverse Green 

Roofs Guideline (City of Toronto, 2013) created by the city of Toronto 

can be a good benchmark for a detailed protocol. The document 

elaborates on the aspects of green roof designing which are essential to 

consider in order to diversify the microclimates and habitat, such as 

topographic variety or providing nesting opportunities. Consequently, 

this provides a suitable environment for various species of plants and 

will attract an assortment of small wildlife. 

The Tokyo Green Plan 2012 (Tokyo Metropolitan Government, 

2012) also focuses on biodiversity but on a broader scope, including 

forests and aquatic environments. As a supporting document for this 

plan, the Guideline for Selecting Native Species for Greening was 

created by Tokyo Metropolitan Government in 2014 (Tokyo 

Metropolitan Government, 2014). As the name suggests, the document 

provides a protocol for plant species selection for greening in the city, 

such as identifying the natural and substitutional plant community, the 

hierarchical structure of the plant, and management of plant density. 

The municipality of Amsterdam can look upon the important aspects 

that Tokyo uses to determine the assortment of plants best used for 

their environment and create its own decision tree for selecting the 

most suitable plants for any urban greening designs considering the 

existing climate and conditions in Amsterdam. 

The Growing Green Guide of Melbourne (State of Victoria, 

2014) is a comprehensive document covering various topics related to 

greening buildings: from storm water management to biodiversity for 

green roofs, walls, and facades. Due to climate change, Amsterdam has 

experienced an increase of rainfall of up to 20% (PBL Netherlands, 2013) 

and therefore needs creative ways of managing the heavy rain in the 

city. Green roofs for rainwater management is one among the many 

topics discussed in the guideline document from Melbourne which 

could be useful for the municipality of Amsterdam to look into.  

 

To conclude, the conceptual designs that we have developed 

were created with strong beliefs that they can contribute to 

remediating the environmental issues in Amsterdam. That being said, 
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Amsterdam needs to continue developing policies and regulations 

which tackle the source of the issue in order for urban greening designs 

to have a significant impact. To improve the existing plans that the 

municipality of Amsterdam has formulated to achieve a healthy and 

green city, many greening guidelines all over the world can be studied 

as examples and extrapolated to conform to the necessities for 

Amsterdam. Considering that the Green Agenda is coming to an end this 

year (2018), this is the perfect opportunity to present new suggestions 

to the municipality of Amsterdam to incorporate into the next short-

term greening plan. 

 

5.2 Environmental Kuznets Curve 
 

The Environmental Kuznets Curve (EKC) was developed in the early 

1990s to depict the empirical relationship between per capita income 

and a measure of environmental degradation, usually concerning 

gaseous pollutant levels (Bhattarai & Hammig 2001). This inverted U-

shaped relationship, shown to the right, provides an optimistic 

approach to economic growth, and shows that growth is necessary for 

environmental improvement (Stern 2004; Grossman & Krueger 1995). It 

also shows there is a possibility of achieving sustainability while an 

economy continues to grow (Stern 2004). 

 

Within the first half of the EKC, the economy is pre-industrial and is 

mainly composed of primary and secondary sector jobs such as farming 

and manufacturing. Within the latter half of the EKC, after reaching the 

turning point, the economy shifts to a post-industrial economy, with 

industry predominantly made up of tertiary and quaternary sectors. It is 

in this stage that technologies will be developed to mitigate the effects 

of growth and environmental policy will become more stringent in 

efforts to decrease environmental degradation (Gill et al. 2017). For 

instance, the US implemented import bans on tuna from Mexico to 

protect dolphin populations (Martínez-Alier 1995). 

  

  

However there is much debate regarding this model, as it proposes that 

environmental protection is a luxury with increasing income 

(Beckerman 1992). This model implies that countries value the 

environment differently depending on how developed a nation is 

(Copeland & Taylor 2004). This is in fact not true, developing nations 

around the world have adopted urban greening strategies such as new 

emerging cities in Egypt (Hegazy et al. 2017). Environmental policy has 

been prioritised and has led to significantly more sustainable cities 

(Hegazy et al. 2017). This shows that it is a combination of policy and 

green development which will lead to a sustainable future. 

  

Moreover, this inverted U-shape relationship is not found to be true for 

all measures of environmental degradation as per capita gasoline 

consumption rises strongly with per capita income (Hilton & Levinson 

1998), as well as carbon dioxide emissions (Shafik 1994; Holtz-Eakin & 
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Selden 1995). Traffic congestion and consequent emissions are major 

problems for urbanising cities in developed countries. 

  

Furthermore, the EKC provides no guidance concerning sustainable 

development and policy change. This model discourages the use of 

sustainability and promotes environmental feelings as an afterthought. 

As well as implying that all damage to the environment is reversible (Gill 

et al. 2017; Özokcu & Özdemir 2017), as it shows that it is possible to 

“grow out” of environmental problems (Shafik & Bandyopadhyay 1992). 

  

  

In reality a country doesn’t automatically solve the problems of 

environmental degradation when it reaches a certain income. New 

techniques such as urban greening need to be implemented within 

these urban environments to limit the negative effects of the economic 

growth pathway. Applying knowledge to urban greening technologies 

ensures that there is potential for nature based solutions to mitigate the 

harmful effects of urbanisation to create a cleaner, healthier 

environment (Braquinho et al. 2015; Hassell & Coombes 2007; Aupetit 

et al. 2013). Then again, it is argued that this is merely treating the 

symptoms and not the cause with sustainability viewed as a constraint 

for economic growth (Colby 1991). As mentioned previously, 

sustainability measures need to occur from a bottom-up approach to 

ensure environmental degradation is limited. 

  

The EKC has also raised important questions about how economic 

growth and trade can affect the environment (Copeland & Taylor 2004). 

This has also come to light more recently with the topic discussed in 

Kate Raworth’s book: exploring doughnut economics. To become more 

circular in the global economy, these models need to be rethought to 

cater for a more sustainable world. The ever expanding economy is 

bound by a finite ecosystem, which has caused catastrophic 

environmental degradation including the effects of urbanisation 

(Baldwin 1995). It is not sustainable to continue a “business as usual” 

approach to global development (Stern et al. 1996; Stern 2004; Gill et al. 

2017; Copeland & Taylor 2004). It is essential to deviate from this 

destructive developmental pathway to ensure a sustainable, circular 

future for cities and the populations they home. 

  

It is therefore essential that countries, such as The Netherlands which 

possess the available technologies, create innovative solutions as well 

as generate a knowledge base which can act as a foundation for 

sustainable solutions globally. Although Amsterdam does have long-

term plans to make the city more sustainable it could benefit by making 

a comprehensive guide, such as those from Toronto, Melbourne and 

Tokyo, which developing nations can adopt to make their growth 

pathway more sustainable and to limit damage to the environment. 

  

  



 

36 

6. Project evaluation 

The selection of the Green Arch and the Botanic Cube as the designs we focused on was based on the ranking of these designs in the factor analysis 

that we conducted for both the outdoor and indoor designs. Although the criteria that we included in the factor analysis were dominantly regarding the 

benefits and practical implementation of the designs, we are aware that inclusion of other criteria could change the order of rankings. One criteria that we 

later realised may have been important to include is the subjective preference towards the design. Towards the end of the project, we found evidence that 

the subjective feeling towards a certain urban greening initiative may have a considerable effect on how beneficial the design is for an individual. For 

instance, the perceived sound insulating properties of a green wall was found to be affected by the degree of liking of the individual towards the green wall 

itself (Joynt & Kang 2010). Priego et al. (2008) also found that people of different cultural and social background use and perceive urban greening strategies 

in different ways. Unfortunately, due to limited time, we were not able to conduct a survey in the market for preference towards the designs to include in 

the matrix. An optional suggestion would be to conduct a survey targeted at residents of Amsterdam (or the Netherlands for a larger scale) using brief 

descriptions of each of the designs we have developed. The data can then be used to score each design based on market preference and include it as a 

criteria in the factor analysis matrices. 

Seeing as plants would be an essential component of each design, we initially decided to create a separate plant matrix to assess the benefits and 

maintenance requirements of each species in the same manner as we have done for the designs. We eventually found this task to be difficult to accomplish 

due to the immense number of criteria which would be important to include. As an alternative, we compiled a database of plants which were found to 

contribute to improving the air quality, which we assessed to be the most important added benefit of plants to an urban greening design. Nevertheless, a 

complete plant matrix would be a valuable tool for future urban green designers. An expert on urban greenery at Wageningen University and Research, Jelle 

Hiemstra, is currently working on compiling an extensive database of plants and their air pollutant (e.g. particulate matter, VOC) uptake or absorption 

capabilities. Amsterdam Green Campus could build the bridge between market-driven research. 
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Appendix A. Glossary 
 

 

Biodiversity - Biodiversity is the variability among all living things, including plants and animals.  

 

Client- Niek Persoon, director of Amsterdam Green Campus 

 

Consumer - Individuals that will use the final service. They may purchase the product for own use or consumption i.e. homeowners 

 

Customer - Future customers of the small and medium enterprises alliance  

 

Feasibility analysis - An overarching term to describe the validation of the integrated design as well as checking the viability of the product.  

 

Integrated design - A design based on the various products of the alliance that fulfills the sustainability requirements we set out 

 

Product - The existing product or service provided by each SME 

 

SME - Small and medium sized enterprises 

 

Sustainability - Meeting the needs of today without compromising the needs of tomorrow i.e. long term ecological balance  
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Appendix C. Interview Design 

This interview design may be used as a guideline for the interviews that 

are to be conducted with the several SMEs. The design can be used for 

competitors, while questions can be altered in a later stage of the 

project. 

 
Approach 

In order to find the perspectives and preferences of the SMEs in 

contributing to the SME alliance exterior and interior design, a semi-

structured interview design was chosen. First, the interview will start 

broad in order to get acquainted and obtain a general sense of their role 

and perspective of their product within the SME alliance. Narrowing 

down the interview for specific questions, related to product 

specifications etc. will then be followed by, again, a broadening of the 

focus. This hourglass format stimulates the obtaining of information 

that is not yet anticipated. In case the interviewee agrees, the 

interviews will be recorded and the text will be transcribed for analysis 

and design development. 

 
Interview Design 

Opening 

Introducing ourselves and main topic of urban greening and asking for 

recording of the interview. Discussing the practicalities, such as the duration 

the interview. 

Body of the interview 

1. SME’s own product 

a. Motivation for making product 

b. Cost of the service/product 

c. How is the impact SME product measured? 

d. Are there guidelines for measuring its impact? 

e. Are there points of improvement? 

 

2. Perspective on alliance 

a. What kind of role does SME play in the alliance? 

b. How does SME contribute to the SME alliance? 

c. What do you appreciate about the alliance? 

d. Are there points of improvement? 

e. How is the integrated design visualised by SME? 

 

3. Open questions about urban greening and sustainability 

a. Definition of urban greening 

b. Definitions of sustainability (and sustainable development) 

c. Recommendations for integrating the designs? 

Closing 

Closing off the interview and asking for additional questions. Recap of what 

was discussed and any required deliverables. Exchange of  our contact details 

and sign of appreciation (i.e. gift). 
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Appendix C. Contact list 

Actors in Urban Green Name Involvement / expertise Consulted on 

Amsterdam Green Campus (AGC) Niek Persoon  
(Director AGC) 

Providing directions in the project.  Regular basis 

SME alliance  Erik Boer 
ACE Venture Lab 

Director of ACE, supplying the pilot site for Amsterdam Green Campus. May, 9th, 2018 

Eliane Khoury  
VFA Solutions  

Specialises in measuring local air quality through a variety of sensors. Also focuses on air filtering of particulate matter.  May, 19th 2018 

Eduard van Vliet  
Green Art Solutions 

Creative designer, experience in urban green projects in the past. Gardener and landscape perspective. April 10th, 2018 

Albert Haasnoot 
Royal Flora Holland 

Provides knowledge about specific planting which is a critical part of any urban green design. April 16th, 2018 

Corne van Bliek 
Scents4You 

Provides scent analysis and neutralising and capturing odours.  May, 22nd 2018 

Rob Hazekamp 
Nocciolo 

Specialises in a low-maintenance, recycled substrate. April, 12th 2018 

Ton van Oostwaard 
My Earth Global 

Focuses on circular designs which benefit many aspects of the environment such as biodiversity, wellbeing and heat stress.  April, 12th 2018 

Jarno van Veelen and Stefan Dekker 
Bas van Buren groep 

Substrate specialists with ability for quality analysis in own research & development department (specification sheets).  April, 6th 2018 

Valerie Vernout 
Den Ouden  

Provide circular technologies in improving soil quality and ground and soil cover.  - 

Geert Jan Derksen 
JoostenECODAK 

Eco-roof specialist in particularly water management and the engineering of the research supported products.  April, 10th 2018 

Max Beaumont 
SKYTREE 

Specialises in air purification for the potential to make fuel and vertical farming all through CO2 technologies.  April 11th, 2018 
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Floor van Schaik  
Floor van Schaik Rack Solutions 

Wireframing for green walls for practical application. April 9th, 2018 

Fien Dekker 
Rain(a)way 

Aesthetically designed tiles for rainwater collection. April 11th, 2018 

Project Manager (KCNL) Roos van Maanen The KCNL (KennisCentrum Natuur en Leefomgeving) was set up with a similar purpose to that of Amsterdam Green Campus. Some 
of the alliance players are members of both the KCNL and Amsterdam Green Campus projects, therefore this contact is vital in 
organisational matters. 

Tuesdays 

Knowledge Institute 
University of Amsterdam - Institute 
for Biodiversity and Ecosystem 
Dynamics (IBED) 

Gerard Oostermeijer Researcher at UvA, focusing on conservation and management of biodiversity. April, 16th 2018 

Knowledge Institute 
University of Amsterdam -  
Department of Public Health (DPH) 
Government 
Municipality of Utrecht 

Mariël Droomers Researcher at UvA, studying the health effects of urban green. Attended WHO meeting in Bonn in 2017 to discuss the evidence for 
Urban Green.  
Currently, researcher and advisor at Public Health Department of Utrecht. Worked previously at National Institute for Public Health 
and the Environment (RIVM). 

April, 24th 2018 

Knowledge Institute 
Wageningen University and 
Research Centre - Regional 
Development and Spatial Use 

Sjerp de Vries Senior Social Scientist. Researches the relation between green space, urbanity and health. May, 7th 2018 

Knowledge Institute 
Wageningen University and 
Research Centre - Plant 

Jelle Hiemstra Senior Scientist Trees and Urban Green. Project leader of ‘Ecosystems services of tree nursery producers’.  May, 7th 2018 

Knowledge Insitute 
Vrije Universiteit Amsterdam - 
Faculty of Science, Youth and 
Lifestyle Health Behaviours and 
Chronic Diseases 

Nicole van den Bogerd Researcher. Currently studies greenery in the university environment and students’ preferences and perceived restoration. In a 
recent study, she measures the influence of potted plants in Amsterdam University Library on amount and duration of students, self-
reported measures of productivity and attention as well as  air quality of the identical study  spaces. Air quality is measured  in terms 
of volatile organic compounds and carbon dioxide with help of VFA sollutions equipment. 

March, 23rd 2018 

Government 
Municipality of Amsterdam 

Geertje Wijten Planner at department of urban planning and sustainability in the City of Amsterdam. She can provide information about rules, 
regulations and greening programmes that are funded by the Dutch government. 

May, 7th 2018 

GGD  
Department of public health  

Saskia van der Zee Senior advisor in environment and health, focussing on air quality. She advises local governments, citizens and other public health 
departments. She is involved in research on air quality measurements in Amsterdam. 

May 7th 2018 

European Union 
Project PERFECT 

Varying representatives of local health 
departments or nonprofit companies from eight 
European countries (London, Cornwall, 
Amsterdam, Ferrara, Ljubljana, Graz, Bratislava 
and SASD from Hungary). 

Project PERFECT integrates benefits of green infrastructure (GI) into planning and investment in future urban and rural areas. This 
project will last from January, 1st 2017 until December, 31sr 2021 with the goal to create 7 action plans for new improved GI, papers 
and factsheets, guidance on GI partnership and overview of good practices. 

May 7th, 2018 

Company Mira Merme Co-founder of One Farm, a vertical farming initiative based in Amsterdam. Mira Merme has experience in financial services as CEO of June, 6th 2018 
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One Farm large companies such as food services company Availeon. She specialises in understanding how structures of bonus, incentives and 
relationships between different sectors lead to unintended consequences for clients. 

Green initiative 
‘De gezonde stad’ 
Green Knowledge Mile and Rooftop 
Revolutions 

Jan Henk Tigelaar  Project manager for urban green initiatives that tackle one of the most polluted areas in Amsterdam (from Amstelplein to Mr. 
Visserplein).  

May, 7th 2018 

Company 
Air so Pure 

Marco van Leeuwen Concept manager of Air so Pure, a brand that offers scientifically proven air filtering potted plants for indoor usage. Research is 
outsourced to Fytagoras, Bert van Duijn, as well as researchers at Wageningen University. 

June, 26th 2018 
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Appendix D. Plant database 

 

Species Common name Type Air pollutant 
component 

Efficacy Details Source 

Stephanandra 
incisa 

Laceshrub Deciduous shrub Total PM 38-72 μg/cm2/year  Study conducted in Norway and Sweden, in 2009 and 2010 (Sæbø et al., 2012) 

PM 10 30-44 μg/cm2/year Study conducted in Norway and Sweden, in 2009 and 2010 (Sæbø et al., 2012) 

PM 2.5 4-23 μg/cm2/year Study conducted in Norway and Sweden, in 2009 and 2010 (Sæbø et al., 2012) 

PM 0.2 4-5 μg/cm2/year Study conducted in Norway and Sweden, in 2009 and 2010 (Sæbø et al., 2012) 

Pinus sylvestris Pine tree Coniferous tree Total PM 35-70 μg/cm2/year Study conducted in Norway and Sweden, in 2009 and 2010 (Sæbø et al., 2012) 

PM 10 23-55 μg/cm2/year Study conducted in Norway and Sweden, in 2009 and 2010 (Sæbø et al., 2012) 

PM 2.5 9-11 μg/cm2/year Study conducted in Norway and Sweden, in 2009 and 2010 (Sæbø et al., 2012) 

PM 0.2 3-4 μg/cm2/year Study conducted in Norway and Sweden, in 2009 and 2010 (Sæbø et al., 2012) 

Pinus mugo Dwarf mountain 
pine 

Coniferous shrub Total PM 50-60 μg/cm2/year Study conducted in Norway and Sweden, in 2009 and 2010 (Sæbø et al., 2012) 

PM 10 42-45 μg/cm2/year Study conducted in Norway and Sweden, in 2009 and 2010 (Sæbø et al., 2012) 

PM 2.5 4-12 μg/cm2/year Study conducted in Norway and Sweden, in 2009 and 2010 (Sæbø et al., 2012) 

PM 0.2 3-4 μg/cm2/year Study conducted in Norway and Sweden, in 2009 and 2010 (Sæbø et al., 2012) 
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Betula pendula Silver birch Deciduous tree Total PM 22-38 μg/cm2/year Study conducted in Norway and Sweden, in 2009 and 2010 (Sæbø et al., 2012) 

PM 10 10-27 μg/cm2/year Study conducted in Norway and Sweden, in 2009 and 2010 (Sæbø et al., 2012) 

PM 2.5 3-6 μg/cm2/year Study conducted in Norway and Sweden, in 2009 and 2010 (Sæbø et al., 2012) 

PM 0.2 5-10 μg/cm2/year Study conducted in Norway and Sweden, in 2009 and 2010 (Sæbø et al., 2012) 
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Species Common name Type Air pollutant 
component 

Efficacy Details Source 

Hedera helix Common ivy Evergreen 
climber, Vigorous 
climber which 
sends 
out aerial roots 
that attach to 
any surface. Dark 
green leaves 
have 3 to 5 lobes 

Total PM 12-29 μg/cm2/year Study conducted in Norway and Sweden, in 2009 and 2010 (Sæbø et al., 2012) 

PM 10 8.5-25 μg/cm2/year Study conducted in Norway and Sweden, in 2009 and 2010 (Sæbø et al., 2012) 

PM 2.5 2.5-3 μg/cm2/year Study conducted in Norway and Sweden, in 2009 and 2010 (Sæbø et al., 2012) 

PM 0.2 1 μg/cm2/year Study conducted in Norway and Sweden, in 2009 and 2010 (Sæbø et al., 2012) 

Formaldehyde 2 - 25 mg/m2/h  
 

 (Jim et al., 2008) 

reduction of 81 - 
96% in 24 h  

 (Aydogan & Montoya, 
1997) 

1120 μg/h    (Wolverton & Wolverton, 
1993) 

Toluene 8.25  μg/m3/m2/h   (Yang et al., 2009) 

Benzene 3.63 μg/m3/m2/h    (Yang et al., 2009) 

Octane 5.1μg/m3/m2/h With alpha-pinene, not the most commonly researched pollutant  (Yang et al., 2009) 

TCE 
(trichloroethylene) 

8.07 μg/m3/m2/h    (Yang et al., 2009) 

Xylene 131 μg/h  (Wolverton & Wolverton, 
1993) 

Benzene, 
formaldehyde, 
trichloroethylene 

1555-107653  μg (or 
9.2 - 89.8%)  in 24 h 

VOC mixtures reduce the VOC removal rates, probably due to competitive uptake (Yoo et al., 2006). 
Decreased removal rates can also be due to decreased VOC concentrations (Orwell et al., 2006), if 
concentrations remain the same removal rates are unaffected. Removal rate speed can differ per VOC, 

Wolverton, 1989 
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therefore, findings of removal rate efficiencies for single VOC do not directly apply in situations with 
VOC mixtures (and real-life settings) (Dela Cruz, 2014). 

Tradescantia 
pallida 

Purple heart plant  Toluene 9.10 μg/m3/m2/h    (Yang et al., 2009) 

Benzene 3.86 μg/m3/m2/h    (Yang et al., 2009) 

TCE 7.95 μg/m3/m2/h    (Yang et al., 2009) 

Hemigraphis 
alternata 

Purple waffle  Toluene 9.63 μg/m3/m2/h    (Yang et al., 2009) 

Benzene 5.54 μg/m3/m2/h    (Yang et al., 2009) 

TCE 11.08 μg/m3/m2/h    (Yang et al., 2009) 

 

Species Common name Type Air pollutant 
component 

Efficacy Details Source 

Asparagus 
densiflorus 
 

Asparagus fern  Toluene 7.44 μg/m3/m2/h    (Yang et al., 2009) 

Benzene 2.65 μg/m3/m2/h    (Yang et al., 2009) 

TCE 6.69 μg/m3/m2/h    (Yang et al., 2009) 

Hoya carnosa Variegata wax plant  Toluene 5.81 μg/m3/m2/h    (Yang et al., 2009) 

Benzene 2.21 μg/m3/m2/h    (Yang et al., 2009) 

TCE 5.79 μg/m3/m2/h    (Yang et al., 2009) 
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Fittonia 
argyroneura 

Silver-net leaf  Toluene 5.09 μg/m3/m2/h    (Yang et al., 2009) 

Benzene 2.74 μg/m3/m2/h    (Yang et al., 2009) 

TCE 6.15 μg/m3/m2/h    (Yang et al., 2009) 

Epipremnum 
aureum (Scindapsus 
aureus) 

Golden 
pothos/Devil’s ivy 

Evergreen 
climber. Vine 
with green heart-
shaped 
leaves with gold 
or cream 
colors. 

Formaldehyde at 25C and 760mm 

pressure 2 large plants 

(in 3.8 litre pots) could 

remove 3874 

micrograms of 

formaldehyde every 

24 hours Equivalent to 

0.1 ppm formaldehyde 

in a room of 4.6m x 

3.7m x 2.4m 

Removal rate of golden pothos and nephthytis was relatively equal due to the same photosynthetic 

requirements and leaf area. Specifically looking at energy-efficient homes. Recommend homes to be built 

with solariums where most plants can be grown. 

 (Wolverton & McDonald, 

1982) 

Toluene 

1.54 μg/m3/m2/h 
This plant was indicated to have 'poor removal efficiency' 

 (Yang et al., 2009) 

Benzene 

0.44 μg/m3/m2/h 
 

 (Yang et al., 2009) 

23.5 ppm/day  

 (Orwell et al., 2004) 

TCE 

1.52 μg/m3/m2/h  

(Yang et al., 2009) 

Ipomoea batatas Sweet Potato  Formaldehyde 50% less than other 

species 
 

(Wolverton & McDonald, 
1982) 
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Species Common name Plant description Air pollutant 
component 

Efficacy Details Source 

Syngonium 
podophyllum 

Nephthytis Flowering, low 
light requiring 

Formaldehyde at 25C and 760mm 

pressure 2 large plants 

(in 3.8 litre pots) could 

remove 3849 

micrograms of 

formaldehyde every 

24 hours. Equivalent 

to 0.1 ppm 

formaldehyde in a 

room L4.6 x W3.7 x 

H2.4 

 (Wolverton & McDonald, 
1982) 

Nephrolepis 
exaltata 

Sword fern Lomariopsidacea
e, native to 
tropical regions 
throughout the 
world, tolerant to 
drought 

Formaldehyde 

1863 micrograms 

removed per hour 

(temp. 26.1C, 20.3 cm 

pot size) 

 (Wolverton & Wolverton, 
1993) 

Chrysanthemum 
morifolium 

Florist’s 
Chrysanthemum 

Brilliant display of 
colourful flowers 

Formaldehyde 1450 micrograms 

removed per hour 

(temp. 26, pot size 

15.2) 

 (Wolverton & Wolverton, 
1993) 

Ammonia 3,641 micrograms 

removed per hour 

(t=26.5, pot=15.2) 

 (Wolverton & Wolverton, 
1993) 

Phoenix roebelini Dwarf date palm Palm, Stately 
main trunk with 
graceful, green 
fans that droop 
elegantly. Fronds 
reach 3 feet 
and grow 
horizontally 

Formaldehyde 1863 micrograms 

removed per hour 

(temp. 26.1C, 20.3 cm 

pot size) 

 (Wolverton & Wolverton, 
1993) 

Xylene 610 micrograms 

removed per hour 

(t23.1, potsize 35.6cm) 

 (Wolverton & Wolverton, 
1993) 

Dracaena 
deremensis ‘Janet 
Craig’ 

Dracaena Dracaena Erect 
stems with a 
rosette of 

Formaldehyde 1361 micrograms per 

hour (t=24.7,pot size= 

25.4) 

 

(Wolverton & Wolverton, 

1993) 
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broad, smooth, 
glossy, darkgreen 
leaves 12 inches 
long 
and 2 inches 
wide. Low-light 
requiring 

Benzene 

27.5 ppm/day 

 

(Orwell et al., 2004) 

VOC 50% reduction of total 

VOC in room with 700 

μg/m3 

Effects of non-air conditioned rooms are estimated to be higher (related to lower VOC levels). 

(Wood, 2006; cited in Dela 

Cruz, 2014) 

CO2 10% reduction in air 

conditioned buildings 

(25% in non-

airconditioned 

buildings) 

 

(Wood, 2006) 
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Species Common name Plant description Air pollutant 
component 

Efficacy Details Source 

Ficus benjamina Weeping fig Treelike growth 
habit. Graceful 
drooping 
branches. Small, 
dark 
green, pointed, 
glossy leaves. 

Formaldehyde 940 micrograms per 
hour (t=25.7,pot 
size= 15.2) 

 (Wolverton & Wolverton, 
1993) 

Dieffenbachia 
camille 

Dumb cane  Xylene 341 micrograms per 

hour (t=26.6, pot 

size=15.2) 

 

(Wolverton & Wolverton, 

1993) 

Dracaena 
marginata 

Red-edged 
Dracaena 

 Xylene 338 micrograms per 

hour (t=26.9, pot 

size=20.3) 

 

(Wolverton & Wolverton, 

1993) 

Benzene 

24.7 ppm/day 

 

(Orwell et al., 2004) 

Schefflera Amate (Umbrella 
tree) 

 Benzene 19 ppm/day  (Orwell et al., 2004) 

Pleurozium 
schreberi 

Red-stemmed 
feathermoss 

Moss PAH (polycyclic 
aromatic 
hydrocarbon) 

166–404 μg/kg Study conducted in Finland (Viskari, 2000) 

Hypnum 
cupressiforme 

Hypnum moss Moss PAH (polycyclic 
aromatic 
hydrocarbon) 

1567–10450 μg/kg Study conducted in Hungary (Ötvös et al., 2004) 

Hylocomium 
splendens 

Splendid feather 
moss 

Moss PAH (polycyclic 
aromatic 
hydrocarbon) 

828–3573 μg/kg Study in Poland (Orlinski, 2002) 
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Source: Kobayashi et al., 2007. Kobayashi et al 2007 - Plants contained in this study were scored out of 10 on their ability to remove VOCs (Formaldehyde, 

Xylene, toluene, benzene, ammonia, alcohols, acetone), with 10 being excellent. 

Species Common name Plant description Score Details 

Hedera helix Common ivy Evergreen climber 9 Semi-sun to semi-shade. Easy to grow ideal for hanging baskets. 
Generally does not do well in high temperatures. 

Epipremnum 
aureum (Scindapsus 
aureus) 

Golden 
Pothos/Devil’s Ivy 

Evergreen climber 5 Semi-shade to shade. One of the easiest houseplants to 
grow. Fast growth. Can be grown as a 
hanging basket or trained to climb. 

Chrysanthemum 
morifolium 

Florist’s 
chrysanthemum 

Brilliant display of colourful 
flowers 
 

9 Full sun and semi-sun. Avoid midday sun as the heat may age the 
blossoms prematurely 

Phoenix roebelini Dwarf date palm Palm, Stately main trunk 
with graceful, green fans 
that droop elegantly. 
Fronds reach 3 feet and 
grow horizontally" 

9 Semi-sun, Very slow grower. Adapts well to low light levels 

Dracaena 
deremensis ‘Janet 
Craig’ 

Dracaena Dracaena Erect stems with 
a rosette of 
broad, smooth, glossy, 
darkgreen 
leaves 12 inches long 
and 2 inches wide 

8 Semi-shade Grows quickly. Tolerates dimly lit areas but growth will 
be slow 

Dracaena 
deremensis 
‘Warneckei’ 

Dracaena Leaves, 2 feet long and 2 
inches wide, are green with 
white and gray-green 
stripes 

6 Semi-shade Grows slowly. Tolerates low light and 
dry air. Retains its variegation in low 
light. 

Ficus benjamina Weeping fig Ficus. Treelike growth 
habit. Graceful 
drooping branches. Small, 
dark green, pointed, glossy 
leaves. 

8 Full sun to semi-sun. Leaf drop is common until it adjusts to its 
new environment. 

Dracaena 
marginata 

Red-edged 
Dracaena 

Smooth, gray, erect canes. 
Leaves, 2 feet long and 1/2 
inch wide, are deep, glossy 
green with red edges along 
the margins. Leaves cluster 
at the end of each cane. 

6 Semi-sun to semi-shade. Tolerates relatively low light and dry air. 

Dypsis lutescens Areca palm (butterfly 

palm) 

Clusters of erect, slender, 

cane-like stalks with feathery 8 

Light requirement: Sun to semi-sun, Releases an abundant amount 

of 
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yellow-green fronds. moisture into the air. Fast growing. 

Chamadorea 
elegans /C. 
erumpens Bamboo Palm 

Clusters of small slender 

canes. Graceful fans with rich 

green color 9 

Semi-sun environment. Releases an abundant amount of 

moisture into the air. Easy to care for. 

Nephrolepsis 
exaltata 

Fern 
Stiff fronds arch outwards, 

drooping downward as they 

age 9 

Semi-Sun Releases an abundant amount of 

moisture into the air. Ideal for hanging 

baskets. Mist and water frequently to 

reduce leaf drop. 

Dracaena fragrans 
"Massangeana" 

Corn Plant 

Shiny medium green leaves 

with 

a bold yellow-white stripe 

down 

the center. Develops a solid 

woody stem. Leaves 

concentrate 

at the top of each stem 8 

Semi-shade - Survives in dimly lit areas. 

Occasionally will send up a small 

spray of fragrant white flowers. 

 Dendrobium orchid Has beautiful exotic blooms, 

usually in clusters or in a row 

along canes. 7 Semi-sun, long lasting flowers 

Dieffenbachia Dumb cane Wide, blotched green and 

white 

(cream) leaves. Unbranched 

stems arch downward. 7 

Semi-sun to semi-shade. Fast growth. May be hazardous or toxic if 

eaten or comes in contact with eyes or skin; keep plants away from 

children 

Ficus bennendijkii  

Slender dark green leaves 7 

Full sun and semi sun. Easy to grow may have some leaf drop until it 

adjusts to new location 

Gerbera Jamesonii 

Barberton 

Daisy/Gerbera daisy 

Sturdy stems that have 

colorful 

flowers. Leathery leaves. 9 

Full sun and semi sun. Releases abundant moisture into the 

air. Avoid midday sun as the heat may 

age the blossoms prematurely. 

Nephrolepis 

obliterata 

Kimberley Queen 

Fern 
Fern with graceful, drooping 

fronds and lush green foliage. 9 

Semi-sun to semi-shade Releases an abundant amount of 

moisture into the air. Mist and water 

regularly to reduce leaf drop. 

Homalomena Wallisii King of hearts 

Dark, olive-green, oval-

shaped 

leaves with areas of silver or 

cream. Leaves 8 inches long. 7 Semi-shade to shade. Slow growing. Can be difficult to maintain. 

Rhapis excelsa or R. 

humilis 
(Broadleaf) Lady palm 

Large palm with fans 6 to 12 

inches wide with 4 to 10 thick 

shiny leaves. Brown hairy 7 Semi-sun. Grows slowly. One of the easiest houseplants to care for. 
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main 

trunk with thin arching stems 

Liriope muscari Lily Turf 

Grassy arching evergreen 

leaves reaching 6 to 18 

inches 

long. May be dark green or 

variegated. 7* 

semi-sun to semi- shade Produces small spikes of white or 

lavender flowers. 

Spathiphyllum 

varieties 

Peace lily (White 

flag), 

Sends up stiff erect stalks 

that produce beautiful white 

spathes. Dark green leaves 

stand erect in the juvenile 

stage, but start to bend as 

they mature. 8* 

semi-shade to shade. Releases an abundant amount of 

moisture into the air. Tolerant of low 

light. Will bloom indoors. 

Philodendron 

erubescens Red emerald 

Vining habit. Burgundy-red 

leaves are long and narrow 

with 

yellow veins. 6* 

Semi shade to shade. Easy to grow. Needs to be staked or 

given support for climbing. May be hazardous or toxic is eaten or 

comes in contact with eyes or skin, keep plants away from children 

Ficus elastica Rubber plant 

Thick, leather-like, glossy, 

dark-green leaves that 

contain 

a rubber-like latex. 9* Semi-sun to semi-shade. Easy to grow. Tolerates low light. 

Brassaia actinophylla 

Schefflera (umbrella 

tree), 

Has long stems with 7 to 16 

deep green leaves, each up 

to 12 inches long. 8* 

Semi-shade. Easy to grow. May be hazardous or toxic is eaten or 

comes in contact with eyes or skin, keep plants away from children 

Chlorophytum 

comosum Spider plant 

Sends up slender, arching 

shoots with leaves that may 

be 

green or green with a broad 

center stripe of yellow or 

cream. 

Leaves 6–12 inches long. 6* 

Semi-sun to shade. Ideal for hanging baskets. Has small 

white flowers at the end of aerial 

runners, which are followed by 

airborne plantlets. 
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