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Summary 
As the impacts of climate change become increasingly tangible in urban environments, nature-based 

solutions (NBS) are gaining attention for their potential to simultaneously enhance climate resilience, 

support biodiversity, and improve quality of life. However, despite their promise, the actual uptake of 

NBS remains limited, particularly in the context of residential buildings. This represents a missed 

opportunity, especially in countries like the Netherlands, where a significant portion of the housing 

stock consists of owner-occupied homes. This research addresses this gap by examining how 

homeowners perceive the implementation of NBS on their own homes. The central aim of the study is 

to gain insight into the perceived possibilities, barriers and enablers, and future needs of NBS uptake. 

The main research question is:  

“What are the perceptions of homeowners towards the implementation of nature-based solutions to 

their buildings?” 

To answer this, a qualitative study was conducted using 14 semi-structured interviews with 

homeowners across Noord-Holland and Utrecht. The most important finding of this study is the 

perceived absence of a central, accessible source of information tailored to private homeowners. This 

lack of clear, practical knowledge hinders understanding of what NBS are, how they function, and 

how they can be applied in specific housing contexts. However, homeowners generally express 

openness to NBS and are curious about the options. In addition, uptake through neighbourhood 

initiatives is often viewed positively. To provide an answer to the main research question, it is evident 

that homeowners experience hesitation towards implementation of NBS on their house. Nevertheless, 

they are open to acquiring knowledge regarding this. It is recommended that policymakers who are 

aiming to improve the adoption of NBS on residential buildings invest in targeted communication 

strategies. Such strategies should clarify what NBS are and how they can be applied. A 

recommendation for future research the identification of effective strategies for designing, 

disseminating, and maintaining such information tools. 
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1. Introduction 
In the Netherlands, extreme weather conditions are becoming more prevalent, with high temperatures 

occurring increasingly earlier in the year (KNMI, n.d.). Global warming is caused by increasing average 

atmospheric temperature due to heat trapped greenhouse gas emission, primarily from human activities, 

which lead to climate change (Ahmed Ali et al., 2020; Stocker et al., 2014). Carbon dioxide (CO2), the 

most critical anthropogenic greenhouse gas, can remain in the atmosphere for thousands of years 

(Ahmed Ali et al., 2020).   

Urbanization transforms rural areas into urban areas, expanding the built environment. The building 

sector, encompassing construction and operation, contributes significantly to CO2 emissions, about 39 

% of global direct and indirect emissions (Ahmed Ali et al., 2020; Xiao et al., 2023). Reducing 

emissions in this sector is necessary to achieve climate goals such as the Paris agreement, in which the 

European Union aims at climate-neutrality by 2050 (European Commission, n.d.). This means an 

economy with net-zero greenhouse gas emission.  

Cities contribute to the greenhouse gas emissions of the building sector, due to their high density of 

urban spaces (Ahmed Ali et al., 2020). In addition, cities challenge global environmental problems, 

such as ecosystem degradation and biodiversity crises (Atanasova et al., 2021).  According to Bowler, 

Buyung-Ali, Knight, & Pullin (2010), urban spaces are on average 0.94 % warmer than green spaces, 

with stronger effects when the green space is larger. Given these challenges, cities need solutions to 

mitigate the effects of climate change.  

1.1 Introduction to nature-based solutions 

The environmental problems in cities require effective low carbon solutions. For over two decades, the 

use of nature-based solutions (NBS) has risen in the search for climate change solutions. Moreover, the 

discussion about NBS in academic literature has increased (Cohen-Shacham et al., 2016; Kandel & 

Frantzeskaki, 2024). In order to address the urban and social issues of climate change, NBS suggest 

leveraging nature as a source of ecosystem services, enhancing the sustainability and resilience of cities 

and their infrastructure systems (Cohen-Shacham et al., 2019; Faivre et al., 2017; Frantzeskaki et al., 

2019; Kabisch et al., 2016). The European Commission defines NBS as: “solutions that are inspired 

and supported by nature, which are cost-effective, simultaneously provide environmental, social and 

economic benefits and help build resilience” (European Commission, 2024).  

NBS have collected growing attention for their potential in urban environments with enhancing 

sustainability and resilience, including the built environment (Kandel & Frantzeskaki, 2024; Kabisch 

et al. 2016). To achieve urban sustainability withing the built environment, one option is the 

construction of new ‘green’, sustainable, buildings (Cidell & Cope, 2014). Another option is the 

sustainable renovation of existing buildings (Juan et al., 2010). Balaban & Puppim de Oliveira (2017) 
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suggest that green and sustainably renovated buildings could yield significant advantages, including 

reduced energy and CO2 emissions, cost savings, and enhanced health conditions for building users. 

NBS can be applied to transform these existing buildings to green buildings. For example, green walls, 

green roofs and living walls provide benefits and have climate resilience performance, such as 

contributing to heat resilience (Kandel & Frantzeskaki, 2024).   

In this regard, Kandel & Frantzeskaki (2024) reviewed 222 papers on NBS and buildings, showing 

multifunctional benefits of NBS on buildings. There is evidence, that green roofs reduce temperatures 

in rooms, improving the thermal performance of buildings (Piro et al., 2018). Next to that, temperatures 

of the exterior can be also be reduced using living walls (Shafiee et al., 2020). Another benefit of NBS 

on buildings is the reduced greenhouse gas emission, as energy consumption decreases (Cai et al., 2019; 

Tan et al., 2020). The review also identifies social and economic advantages. Human well-being is 

enhanced by feelings of spaciousness, freedom, and comfortable experiences like noise reduction from 

falling rain on the roof (Anderson et al., 2021; Mesimäki et al., 2019; Yuliani et al., 2021). Kolokotsa 

et al. (2020) agree with such evidence, as they conclude that when NBS are integrated in the urban 

environment, they can contribute to a considerable reduction or urban life depression. However, there 

are diverse NBS to be integrated into buildings, and Almassy et al. (2018) identified some of the types 

of urban NBS intervention that can be implemented in and on buildings, like indoor vertical greening, 

balcony greening, green roofs, walls or facades, and house gardens.  

1.2 Problem definition  

The implementation of NBS on buildings remains a challenging issue. Also, only few data are available 

on NBS in and around buildings. Research institute Readar analysed the number of green roofs in the 

Netherlands, using satellite pictures. Their analysis revealed a 4% annual increase in green roofs in 

Amsterdam since 2017 (READAR & Linden, 2020). Government-backed financial incentives also 

encourage sustainable construction projects (Rijksdienst voor Ondernemend Nederland, 2024). 

Additionally, many municipalities offer subsidies for green roofs, which has contributed to their 

increasing adoption (Van der Jagt et al., 2020). 

However, the implementation of NBS appears to be concentrated primarily in  new construction projects 

rather than in the existing building stock (Rijksdienst voor Ondernemend Nederland, 2024). This is 

problematic, as the existing building stock also contributes to the impacts of climate change (Enzi et 

al., 2017). As of 2023, 8.2 million buildings in the Netherlands were residential homes, next to 1.2 

million buildings being industry, offices, stores, health institutions, and other (PBL, 2024). Of these 8.2 

million houses, 57 % are owner-occupied homes (CBS, 2024). In the case of owner-occupied housing, 

individuals possess the autonomy to make their own choices regarding the property. This suggests that 

approximately 4.7 million households possess the autonomy to make sustainability related decisions 

regarding their house.   
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Despite the clear benefits outlined in scientific research, the implementation and long-term support of 

NBS is still low in the residential buildings sector. It is greatly dependent on how actors view and 

understand them (Ferreira et al., 2021). In addition, the necessity of integrating scientific knowledge 

with practical implementation to advance urban sustainability is emphasised (Fang et al., 2024). This is 

crucial, as it is evident that certain practical aspects differ between scientific and practical 

implementation levels, which means that there is a gap in the implementation process of NBS. Several 

barriers have been identified as hindering in the widespread adoption of NBS in the housing sector. 

Dorst et al. (2022) note that limited citizen engagement in the Netherlands is caused by the ‘not in my 

backyard’ (NIMBY) principle, where residents desire the benefits of new implementations, but not the 

associated drawbacks. Additionally, ‘hard’ evidence of NBS benefits is perceived to be lacking which 

causes sceptical actors towards NBS (Van der Jagt et al., 2020). The limited awareness of the relevance 

of NBS, coupled with a lack of knowledge and knowledge exchange on urban NBS, generates 

knowledge, data, and awareness barriers (Dorst et al. 2022). Moreover, Van der Jagt et al. (2020) 

observe that NBS are often perceived to lack cost-effectiveness due to their substantial maintenance 

requirements. Additionally, the sceptical views on costs, performance, and profitable business models 

of NBS, have been identified as a contributing dimension to the low level of private sector engagement 

(Dorst et al. 2022). Despite municipal subsidies being made available for green roofs, various 

requirements are frequently attached that can hinder utilisation. For example, whether a subsidy is given 

or not, is determined after the green roof has been installed (Duursma, n.d.). Such requirements have 

the potential to impede uptake, given the possibility of limited awareness, uncertainty regarding long-

term maintenance, or confusion around subsidy requirements. In addition, Derkzen et al. (2017) 

conclude that people’s preferences for NBS are also shaped by their awareness of climate impacts and 

understanding of the benefits of NBS. 

So, although nature-based solutions offer clear benefits, their widespread implementation in residential 

buildings is still constrained by various factors. 

1.3 Aim of the research & research questions 

In consideration of the potential for the implementation of NBS in urban housing to address the 

challenges posed by climate change, it is needed to explore the factors that extend beyond the decision-

making process of incorporating NBS. A range of factors may play a role in this regard. 

Consequently, it can be assumed that different dimensions may act as barriers for citizens in the 

implementation process of NBS. However, policy interventions also seek to facilitate this 

implementation process by providing subsidies to residents. Nevertheless, current literature fails to shed 

light on the nature of the barriers and enablers that homeowners (refers to individuals who both own 

and live in their home) experience in the implementation process of NBS in their homes. As Ferreira et 

al. (2021) mention, the perspectives of different actors on NBS are crucial for their recognition and to 



11 
 

gain long-term support. Therefore, it is important to understand the experiences and perceptions of 

homeowners in implementing NBS in and around their homes. The aim of this research is to provide 

insights into the different perspectives homeowners have when they consider applying NBS to their 

houses. This research will establish a human perspective on the implementation of NBS and identify 

areas for improvement in the implementation process of NBS in housing.  

This will be done with the following main research question: 

What are the perceptions of homeowners towards the implementation of nature-based solutions to their 

buildings? 

To answer the main research question, the following sub-questions need to be answered: 

1. How do the homeowners perceive the possibilities of integrating NBS in their buildings? 

2. What are the perceived barriers and enablers to integrate NBS into buildings? 

3. What are the perceptions of building owners towards future implementation processes?  

1.4 Academic relevance  

While the urban context regarding NBS is extensively researched, particularly in terms of public green 

spaces, river restoration, and ecosystem connectivity, buildings, and especially residential buildings, 

remain somewhat underexplored in literature on NBS.  Much of the existing research has focused on 

institutional implementation processes, technical performance, or public infrastructure (Dorst et al., 

2022; Frantzeskaki, 2019; Kabisch et al., 2016; Mell et al., 2023; Sarabi et al., 2019; Toxopeus & Polzin, 

2021). In contrast, the everyday perspectives of private actors, such as homeowners, are largely absent 

in academic literature. This is problematic, as the built environment represents a contributor to 

emissions and energy consumption, thus offering a critical entry point for implementation of sustainable 

solutions. A better understanding of homeowners’ perceptions is therefore essential for scaling up NBS 

in residential areas. 

Despite researchers having categorised many types of NBS for buildings (Almassy et al., 2018; 

Eggermont et al., 2015; Kandel & Frantzeskaki, 2024; Xiao et al., 2023; Xing et al., 2017), these have 

not yet been properly integrated in practice. However, the reasons for this remain little explored. There 

is a lack of in-depth understanding of how and why homeowners choose to adopt or not adopt these 

solutions. Furthermore, user-centred studies that explore the perceptions, motivations, and practical 

concerns of homeowners in decision-making remain limited. 

Given that most of the Dutch housing stock consists of privately owned homes (CBS, 2024), it is crucial 

to understand the perspectives of homeowners. Research focusing on the social acceptance, behavioural 

barriers, financial considerations, and perceived benefits of NBS on houses would provide critical 

insights. Ferreira et al. (2021) and Dorst et al. (2022) have already emphasized the importance of actor 
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perspectives for long-term NBS implementation, but studies focusing specifically on homeowners’ 

views regarding their own property’s are rare. By focusing on this dimension, this research contributes 

to filling a clear gap in the academic literature and could support policy and design processes aimed at 

scaling up NBS in residential areas. 

1.5 Societal relevance 

In addition to its scientific value, this research has societal relevance, as NBS on buildings create 

benefits for the society. The adoption of NBS to buildings generates social benefits, including improved 

mental well-being (Fisher et al., 2021; Hoyle et al., 2019). Consequently, it can be argued that local 

government’s investment in NBS is a prudent decision, as it has the potential to improve the health of 

their citizens. Furthermore, local biodiversity is positively impacted when NBS are applied to buildings. 

Local flora and fauna are evolving and expanding due to the vegetation on roofs and walls (Almassy et 

al., 2018; Kandel & Frantzeskaki, 2024; Xing et al., 2017). Moreover, thermal behaviour of roofs is 

also influenced by NBS, as green roofs can reduce the heat flow by up to 56 %  as opposed to non-green 

roofs (Yuliani et al., 2021). In this way, NBS on buildings can contribute to the reduction of urban heat, 

which is a challenge governments face. A comprehensive understanding of property owners’ 

perspectives of the implementation of NBS is essential for creating effective policies aimed at 

enhancing the health of the population and the sustainability of the city. 

As the climate crisis intensifies, Dutch cities are increasingly expected to adapt to challenges that result 

from climate change. However, in general, policy-makers give little attention to the perceptions of city 

residents, leading to disengagement in decisions about green spaces (Mensah et al., 2017). In addition, 

sustainable and NBS policy is often pointed at public spaces, while private ownership, such as houses, 

remain underutilised (Rijksoverheid, 2022). The findings of this research are relevant for national and 

local governments, as they provide more understanding of how NBS can be effectively implemented in 

housing and therefore can contribute to shaping policy regarding urban climate challenges. It could be 

useful for communication strategies, application procedures and support services. This research reveals 

what type of policy is missing or insufficient regarding NBS, on the national or local scale.  
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1.6 Thesis outline 

 

 

Figure 1: Schematic view of the thesis outline1.  

 

 

 

 
1 Based on the layout from an unpublished thesis, adapted by the author. 
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2. Theoretical framework  

In this chapter the dimensions of perceptions which property owners have regarding implementation of 

NBS are explored. Firstly, background on the definition of NBS is provided and the definition for this 

study is given. Next, the applications of NBS in buildings are outlined. Then, the barriers and enablers 

that are currently defined in literature are presented. After that, current views in literature on future 

policy for NBS in buildings are demonstrated. Lastly, a conceptual model of this study is provided. 

2.1 The concept of nature-based solutions 

NBS is a concept that promotes the maintenance, restoration, and enhancement of ecosystems and 

biodiversity to address several concerns simultaneously (Kabisch et al., 2016). However, NBS is not 

the only concept promoting this. For example: ‘green infrastructure’ (GI), ecosystem-based adaptation’ 

(EBA), and ‘sustainable urban drainage systems’ (SUDS) share the same principles. A distinction 

between those and NBS is the broader scope of NBS and the explicit focus on generating multiple co-

benefits across ecological, social, and climate-related domains. GI, EBA, and SUDS share overlapping 

principles, but they tend to have a more specific focus. GI refers to networks of (semi-) natural spaces 

and are primarily designed to deliver ecosystem services in urban settings (Chapman & Hall, 2022; La 

Rosa & Pappalardo, 2021). EBA on the other hand uses biodiversity and ecosystem services to support 

human adaptation to climate change, to improve climate resilience (Ma & Jiang, 2023). SUDS are 

engineered systems to manage stormwater and their objective primarily lies in urban water management 

and flood mitigation (La Rosa & Pappalardo, 2021). So, these concepts are often implemented as a 

target strategy within a broader NBS framework. NBS are therefore defined as an umbrella concept 

(Aghaloo et al., 2024; Cohen-Shacham et al., 2019; Dorst et al., 2019; López-Maciel et al., 2023). 

Seddon et al. (2021) mention the advantage of the use of the term NBS, as it encourages recognition of 

a wider range of outcomes of a given intervention then specific terms.  

So, although NBS covers multiple approaches coming from the principle of maintaining, restoring and 

enhancing ecosystems, there is a variety of specific definitions used among academics and 

governmental institutions. The concept of NBS was introduced in 2008 by the World Bank by listing 

projects addressing biodiversity and climate crises, with focus on adaptation and vulnerable 

communities (Castelo et al., 2023; MacKinnon et al., 2008; Sowińska-Świerkosz & García, 2022). The 

International Union for Conservation of Nature (IUCN) later defined the concept as “actions to protect, 

sustainably manage, and restore natural and modified ecosystems that address societal challenges 

effectively and adaptively, simultaneously benefiting people and nature”(IUCN, n.d.). The European 

Commission (EC) expands this definition: “Solutions that are inspired and supported by nature, which 

are cost-effective, simultaneously provide environmental, social and economic benefits and help build 

resilience. Such solutions bring more, and more diverse, nature and natural features and processes into 

cities, landscapes and seascapes, through locally adapted, resource-efficient and systemic interventions” 
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(European Commission, 2024). In several academic studies an interpretation of these definitions is used, 

but the emphases vary. For example, Kabisch et al. (2016) focus on the positive contribution to 

biodiversity, while (Gómez Martín et al., 2020) emphasise the multifunctionality of NBS. Almassy et 

al. (2018) address the added value of NBS to an existing green area, as green areas can not be 

automatically considered as NBS. They point out that NBS are “interventions that change or enhance 

the function of the area/structure to address current societal challenges.” Sowińska-Świerkosz & García 

(2022) conducted a systematic review of publications addressing NBS to identify the core ideas of NBS, 

according to official guidelines (IUCN and EC) and the current state of knowledge. The core ideas that 

they extract from NBS definitions in 970 research papers is shown in figure 2.1.  

 

 

Figure 2.1: Schematic overview of the core ideas of NBS emerged from definitions throughout 970 research papers (adapted 

from Sowińska-Świerkosz & García, 2022). 

Additional to these findings of the core ideas of NBS, Seddon et al. (2021) illustrate a systemic overview 

of positioning the definition of NBS in a broader context, demonstrating how interventions can be 

designed to build synergies and to be resilient to future climate and socio-economic change. As shown 

in figure 2.2, NBS illustrate the condition of biodiversity for the end goal of supporting sustainable 

development (including human-well being) through the outcomes of products created by people 

working with nature.  
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Figure 2.2: Conceptual diagram of NBS (adapted from Seddon et al., 2021) 

This research adopts the definition of NBS as the core principle of IUCN, supplemented by the 

definition of the EC, as this is the definition most research papers follow as well. Even though the 

definitions are not exactly the same, it comes down to the core ideas of being inspired by nature (EC), 

facing societal challenges (IUCN) , providing multiple benefits (EC, IUCN), and being efficient (EC) 

(Sowińska-Świerkosz & García, 2022). Although not every academic definition recognizes the ‘cost-

effective’ approach from the EC definition, it is relevant to consider costs as a factor in the 

implementation process of NBS (Sarabi et al., 2019). This integrative definition provides a foundation 

for analysing how NBS on buildings can contribute to broader environmental and societal goals. 
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2.2 Nature-based solutions on buildings 

Eggermont et al. (2015) argue that NBS can be classified in three types. These types are defined along 

three factors: the level and type of engineering of biodiversity/the ecosystem, the maximization of the 

delivery of key services, and the number of services and stakeholder groups (figure 2.3). NBS in the 

context of housing, is best represented by type 3, as this type represents the greening of buildings. 

Moreover, Eggermont et al. (2015) posit that type 3 is comparable to concepts such as blue and green 

infrastructure, connecting domains like engineering, biodiversity conservation, and urban planning.  

 

Figure 2.3: Schematic overview of the three types of NBS. The types are defined based on the level of engineering or 

management applied to biodiversity and ecosystems (x-axis), and the likely level of maximization of the delivery of key 

services, and number of services to be delivered and number of stakeholder groups targeted (y-axis) (adapted from Eggermont 

et al. 2015). 

To further specify what is meant by type 3 NBS in the built environment, Xing et al. (2017) identify 

four meta-types of NBS in the built environment: indoor plants, green roofs, green walls, and green and 

blue landscaping. These are summarised in figure 2.4. Indoor plants are multi-functional, easily 

maintained, low-cost, and air-cleansing ventilating. In addition to potted plants, vertical greenery can 

be applied, like living walls. Green roofs range from edible and recreational roof gardens to rolled-out 

green carpets. The depth of substrate layer and the type of vegetation determines the category: extensive, 

semi-intensive, or intensive. Green walls can be climber plants with the facade material as support, 

double-skin separated from the wall, or hanging pots planted around the building creating a green 

curtain. Green & blue infrastructure is vital element for urban NBS. Although a number of these actions, 

such as urban lakes and rivers, are not applicable in the context of housing, a rain garden could be if 

homeowners have a front- and/or backyard.  
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Figure 2.4: Typology of NBS in the built environment (adapted from Xing et al., 2017). 

The benefits of these types have been extensively studied by Kandel & Frantzeskaki (2024) and they 

place emphasis on the benefits of NBS applied on the building level. Their systematic review of 222 

research papers demonstrates that green roofs, green walls, and living walls provide climate reliance 

performance and benefits. These benefits are heating resilience, socio-ecological justice, provision of 

vegetation, habitat and biodiversity enhancement, and water retention and purification. Empirical 

research confirms that green roofs and walls can improve indoor thermal comfort (Piro et al., 2018; 

Shafiee et al., 2020), reduce energy consumption (Cai et al., 2019; Tan et al., 2020), and offer aesthetic 

and psychological benefits such as noise reduction, perceived spaciousness, and increased well-being 

(Anderson et al., 2021; Mesimäki et al., 2019; Yuliani et al., 2021). Kolokotsa et al. (2020) conclude 

that NBS integrated in the urban fabric may even contribute to the mitigation of urban life depression 

through enhanced environmental quality. These findings further reinforce the multifunctionality 

outlined in the framework of Xing et al. (2017), presented in figure 2.5.  
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Figure 2.5: Multi-benefits of urban NBS (adapted from Xing et al. (2017). 

However, it is also important to consider who benefits from these interventions. Almassy et al. (2018) 

emphasise that although community members and residents are among the main beneficiaries of urban 

NBS, the benefits of building-integrated NBS may be less visible to the public if access is limited. They 

argue that these solutions primarily support regulating ecosystem services, such as water and air quality 

management, but also contribute to cultural services through aesthetics and improved mental health. 

These benefits may not be immediately obvious, which can affect how residents perceive their value. 

Thus, while NBS on buildings are structurally diverse and functionally rich, their success in urban 

adaptation depends not only on technical feasibility but also on how clearly their benefits are 

communicated and experienced by residents. The typologies provided by Xing et al. (2017) and the 

benefit analyses by Kandel and Frantzeskaki (2024) offer a solid foundation for assessing how such 

solutions may be adopted and scaled within housing contexts. 

 

2.3 Perceived possibilities 

Understanding how residents perceive the possibilities for implementing NBS on their own buildings 

is central to bridging the gap between high-level climate policy and local action. Research shows that 

among stakeholders, more possibilities are perceived when they experience concerns about climate 

change (Giannakis et al., 2016). Derkzen et al. (2017) align with this and elaborate that the concerns 

shape people’s preferences of implemented NBS. They add to that, that willingness to support the 

implementation of NBS is under the condition that the NBS is multifunctional, for example recreational 

and aesthetically pleasing. In contrast, Mell et al. (2023) place greater emphasis on the size of the NBS 
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project, than on personal beliefs. They argue that awareness and sense of feasibility of residents often 

increases when they see successful projects in their vicinity. They underscore the need for larger scale 

and more visible NBS to gain acceptance, as smaller projects are perceived as less socially and 

ecologically valuable (Mell et al., 2023). In accordance with this standpoint, large scale projects have 

the potential to serve as good examples for city residents and community groups (Kabisch et al., 2016). 

Communicating them as flagship projects may increase awareness about NBS and the offered benefits 

of them (Kabisch et al., 2016). However, Dorst et al. (2022) argue that visibility of NBS is not enough. 

They state that, despite the context-specific nature of NBS performance, actors engaged in the domain 

of urban infrastructures rely on quantified evidence, calculations and standardisation. Kabisch et al. 

(2016) therefore argue that communication on this is needed. Individuals would be more likely to 

perceive NBS as a viable option if government schemes, such as subsidies or maintenance support, are 

easily accessible and well-communicated (Kabisch et al., 2016; Faivre et al., 2017). Faivre et al. (2017) 

agree and state that well designed government schemes make it easier for citizens to implement and 

maintain NBS.  

However, government schemes are not the only influence on the perceived possibilities. Although it is 

valuable to use government schemes, the context-specific nature of NBS performance should not be 

overlooked (Dorst et al., 2022). The perception of NBS by individuals can vary depending on where 

they live, and the contextual circumstances, such as living in a dense coastal city or a rural city (Ferreira 

et al., 2021). Supplementing to this, proximity to green spaces is perceived as an influencing factor of 

residents’ experiences of urban nature (Combary & Atchrimi, 2024). They state that individuals living 

less than 500 m. from a green space have perceptions of perceived biodiversity and urban cooling, but 

also a risk of diseases. The study area of Combary & Atchrimi (2024) was in Africa, where mosquitos 

(with diseases such as malaria) explain the perceived risks. In agreement to the other arguments of 

Combary & Atchrimi (2024) other studies show that individuals living in close proximity to green 

spaces tend to value the benefits more highly, for example the benefits for social cohesion, climate 

resilience and well-being (Giannico et al., 2021). Residents perceive green spaces with higher 

biodiversity, natural sounds, and a sense of naturalness as more restorative and beneficial for mental 

health, which in turn enhances their support for NBS and related stewardship initiatives (Fisher et al., 

2021; Hoyle et al., 2019).  

Finally, how residents’ position NBS relative to other, more traditional ‘grey’ technologies, for example 

insulation measures can also influence the perceived possibilities. Several studies argue that support for 

NBS is stronger when these solutions are embedded within an integrated, resilient urban strategy rather 

than being framed as stand-alone interventions (Frantzeskaki, 2019; Liu et al., 2021). The 

multifunctional benefits of NBS are often valued, such as improved aesthetics, social spaces, and 

environmental quality (Frantzeskaki, 2019). However, the reliability and familiarity of traditional 
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"grey" infrastructure are also recognized, leading to a preference for hybrid solutions (Masi et al., 2020; 

Niemelä et al., 2020). 

In summary, the perceived possibilities of NBS at the building scale are shaped by a combination of 

personal climate concern, the visibility and scale of existing projects, proximity to green spaces, 

institutional communication, and how NBS are positioned in relation to conventional technologies. The 

findings in the literature indicate that both social context and systemic framing play a critical role in 

shaping how residents interpret the feasibility and desirability of nature-based interventions. 

 

2.4 Perceived barriers 

The adaption of NBS in buildings by homeowners is accompanied by various barriers. The actual 

implementation can be strongly influenced by barriers that operate across financial, knowledge, 

maintenance and engagement domains.   

 

Financial barriers 

Financial barriers are widely recognised as a major constraint for the implementation of NBS in 

buildings. One key issue is the perception that the private costs of NBS installation and maintenance 

outweigh the personal benefits, such as improved biodiversity or heat (Liberalesso et al., 2020). 

Toxopeus & Polzin (2021) argue that the challenge is not only on the household level but also at the 

institutional level, where traditional financing mechanisms often fail to recognise the broad, long-term 

co-benefits of NBS. As a result, investments in NBS are often undervalued compared to conventional 

grey infrastructure (Den Heijer & Coppens, 2023; Toxopeus & Polzin, 2021). 

In addition, uncertainty about initial investment costs, payback periods, and long-term maintenance 

expenses contributes to reluctance and risk aversion among property owners (Dijkshoorn-Dekker et al., 

2020; Kabisch et al., 2016). This hesitancy is particularly strong in the absence of clear and accessible 

subsidy schemes or public support mechanisms, which could otherwise help reduce perceived financial 

risk (Zarei & Shahab, 2025). Even when NBS are supported in policy, the lack of concrete funding 

programmes or cost-sharing arrangements means that private actors are often left to carry a 

disproportionate share of the investment burden (Liberalesso et al., 2020; Toxopeus & Polzin, 2021). 

This results in preference for cheaper, more familiar grey infrastructure over NBS. 
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Knowledge barriers 

One of the most significant barriers to the implementation of NBS lies in the knowledge and information 

gaps experienced among several actors. While scientific and policy discourse around NBS has expanded 

rapidly in recent years, much of this knowledge remains inaccessible or poorly translated for individual 

citizens, such as homeowners (Brink et al., 2016; Frantzeskaki et al., 2019; Raymond et al., 2017). As 

Sarabi et al. (2019) demonstrate, uncertainty about how NBS should be implemented and NBS 

effectiveness is among the most frequently cited barriers in the literature. This often results in a lack of 

clarity about what NBS might look like in their specific building context and what technical or 

maintenance demands such solutions would entail (Castelo et al., 2023). The absence of site-specific 

design guidelines exacerbates this issue, especially in densely built urban environments where technical 

constraints are considerable. Technical knowledge barriers are also experienced trough the lack of 

standardized technical guidelines, which is making it challenging for home owners to select, design, 

and implement the most suitable NBS for their specific context (Sarabi et al., 2020; Zarei & Shahab, 

2025).   

Moreover, Sarabi et al. (2019) show that many homeowners operate with short time horizons in 

decision-making about their property, making them less likely to invest in measures which benefits are 

long-term or difficult to quantify. This is further compounded by the fact that investors often have 

limited insight into the long-term benefits of NBS (Dorst et al., 2022), perceive a lack of robust, 

empirical evidence, and thus remain sceptical towards the feasibility and effectiveness of such 

interventions (Van der Jagt et al., 2020). This barrier is further reinforced by limited visibility of 

successful local projects (Mell et al., 2023; Kabisch et al., 2016), as well as by the lack of targeted 

communication strategies and planning tools aimed at private homeowners (Liberalesso et al., 2020; 

Dorst et al., 2022).  

Beyond the lack of available knowledge, the uptake of NBS is also hindered by organisational memory 

and institutional habits. The so-called path dependency of decision-making means that actors rely 

heavily on established practices, often resisting innovation even when faced with evidence or 

opportunity. This institutional inertia reinforces the preference for conventional solutions and further 

limits the mainstreaming of nature-based alternatives (Davies & Lafortezza, 2019). 

 

Maintenance barriers 

Brudermann & Sangkakool (2017) state that maintenance barriers include physical risks associated with 

the implementation of NBS and the possible damages to buildings, due to overgrowth or leakages. The 

responsibility of not letting such things happen, like overgrowth, is perceived as a maintenance barrier 
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(Dijkshoorn-Dekker et al., 2020). This perception of responsibility is strengthened by what Dorst et al. 

(2022) describe as the ‘not in my backyard’ (NIMBY) principle, defined as a barrier to NBS 

implementation in the Netherlands. In the Dutch context, individuals may support the general idea of 

NBS and its environmental benefits but resist implementation when they expect potential 

inconveniences or commitments such as maintenance. This results in a situation where the willingness 

to benefit from NBS is not matched by a willingness to contribute to their upkeep.  

Next to responsibility, there is also a management issue concerning maintenance, Knapik et al. (2024) 

stress the importance of the challenge of clear management, for example there is often confusion over 

who is accountable for the upkeep of the NBS, which is also mentioned by Wamsler (2015). Moreover, 

there are mixed perceptions about the maintenance requirements of NBS, with can cause 

underestimation of the effort involved, which can result in neglect or improper care of the NBS 

(Castellar et al., 2024; Knapik et al., 2024). Another issue with maintenance is the financial aspect of 

it. The costs of maintenance and installation could be higher than costs of traditional solutions, for 

instance for green roofs instead of cool roofs (Berto et al., 2020; Perini & Rosasco, 2016).  

 

Engagement barriers 

Homeowners' engagement in the implementation of NBS is shaped not only by individual attitudes or 

awareness, but also by the broader institutional and procedural structures that mediate participation, 

such as the role of citizens in shaping NBS interventions. Mensah et al. (2017) argue, planning practices 

tend to prioritise administrative and technical efficiency over democratic legitimacy, which can 

marginalise the lived experiences and preferences of residents. This exclusion is particularly 

consequential at the building level, where NBS require active participation from private actors who 

must absorb risks and responsibilities. Dorst et al. (2022) show that citizen involvement in urban 

greening is often reduced to consultation without meaningful influence. When applied to residential 

settings, such symbolic engagement undermines the sense of ownership needed for homeowners to 

support and maintain NBS interventions. These responses cannot be dismissed as irrational; rather, they 

reflect the misalignment between top-down planning and locally situated knowledge and priorities. 

On the other hand, Chu et al. (2016) highlight how social factors can constrain who can participate in 

co-creation processes, such as class, age and hierarchies in decision-making. This is particularly 

relevant in housing contexts, where NBS decisions intersect with complex individual cost-benefit 

considerations. Without tailored communication and support, engagement remains low, especially 

among those not already inclined toward environmental action. As Raymond et al. (2017) note, 

participatory processes that fail to incorporate local knowledge miss opportunities to increase social 

relevance and legitimacy.  
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These insights suggest that engagement barriers cannot be addressed by awareness campaigns alone. 

They point to the need for adaptive, inclusive governance models that empower homeowners as co-

creators rather than passive recipients of sustainability policy. Such models require institutional 

commitment to early-stage involvement, shared decision-making, and support structures that 

acknowledge practical and social constraints. 

 

2.5 Perceived enablers 

While multiple barriers constrain the uptake of NBS, research also identifies enabling conditions. One 

such enabler is the trust in the local government and the experimentation process itself, which is 

essential when NBS are still perceived as unfamiliar or uncertain. As Frantzeskaki (2019) notes, 

experimentation with NBS requires that citizens not only feel confident in the actors’ coordinating 

implementation, but also that the interventions themselves are aesthetically appealing. Zhang & He 

(2021) also discuss that the aesthetic character of NBS can serve as a motivating factor for 

implementation. 

A second cluster of enabling factors relates to the generation and dissemination of knowledge. 

Dijkshoorn-Dekker et al. (2020) emphasise that increasing awareness of the value of NBS, and their 

applicability to the local context, can strengthen willingness among homeowners to engage with such 

solutions, even when risks are involved. In line with this, Sarabi et al. (2019) identify sharing 

experiences and lessons learned across different contexts as an important enabler. Knowledge sharing 

technologies will be used as instruments for this purpose, which in turn may promote investments in 

NBS. Others identify how educational programs can increase knowledge and serve as an enabler. 

Stakeholders in several studies identify education campaigns as an integral part of NBS implementation 

and maintenance of NBS, helping to highlight the value of such solutions and offering tools to prevent 

or resolve conflict (Campbell-Arvai, 2019; Halbac-Cotoara-Zamfir et al., 2019). Cárdenas et al. (2021) 

offer empirical support for this claim: in their study, over 75% of participants improved their 

understanding of environmental sustainability and reported feeling more confident and motivated to 

improve sustainability in their local surroundings. 

On the other hand, Bissonnette et al. (2018) place more emphasise on the need for public participation. 

They suggest that to overcome existing barriers, a shift is needed toward more intensive public 

participation, stronger collaboration between sectors and actors, and the production of robust evidence 

about the effectiveness of NBS. Additionally, local embedding is highlighted as a key factor. Van Ham 

& Klimmek (2017) stress the importance of engaging local entrepreneurs and other members of the 

community in developing and maintaining NBS. Such involvement increases context sensitivity and 
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facilitates long-term ownership of interventions, which is especially relevant when NBS are 

implemented on or near private homes. 

Others, however, stress the importance of economic enablers. Direct financial benefits function as a 

powerful and tangible enabler. When homeowners are presented with subsidies, grants, or cost savings, 

adoption rates increase significantly. Studies show that when profit or savings are clearly 

communicated, participation can increase by up to 19% (López-Maciel et al., 2023; Toxopeus & Polzin, 

2021). 

 

2.6 Perceptions on future implementation  

Although NBS are increasingly recognised for their potential to address climate and societal challenges, 

several authors agree that more systematic efforts are needed to improve their adoption among 

homeowners. One identified need is the creation of supportive institutional structures that go beyond 

fragmented local experimentation. Frantzeskaki (2019) stresses that NBS inherently require 

collaborative governance, in which multiple levels of government, citizens, and private actors co-

develop and sustain interventions over time. However, achieving such integration remains difficult in 

practice, in part because the NBS concept itself is still marked by ambiguity. As Sowińska-Świerkosz 

& García (2022) argue, the origins of NBS in diverse scientific disciplines have led to conceptual 

overlap with related measures, while the lack of clear standards means that a wide variety of actions are 

labelled as NBS without clear criteria. This conceptual vagueness makes it harder for policy actors to 

formulate actionable implementation plans, particularly in residential contexts. Nesshöver et al. (2017) 

add to this that a comprehensive and operational definition of NBS would not only reduce confusion, 

but also promote innovation, improve communication between science, policy and practice, and support 

uptake across urban planning domains. This aligns with the recommendation from Castelo et al. (2023) 

who argue for transdisciplinary implementation strategies, embedded in local governance and linked to 

pilot projects. Such pilots can simultaneously address the urgency for implementation and fill 

knowledge gaps through the assessment of effectiveness. 

Alongside governance reform, several studies emphasise the need to expand and institutionalise resident 

participation. Puskás et al. (2021) argue that participation must go beyond grassroots activism and 

become embedded in top-down urban planning structures, without compromising their fundamental 

objectives. In line with this, Xiao et al. (2023) call for policies and design guidelines that explicitly 

support the use of NBS on buildings, providing homeowners with an enabling legal and technical 

framework. Citizen participation and co-creation could be created as neighbourhood initiatives, which 

can enhance the relevance and acceptance of NBS and contribute to social cohesion, a sense of 

ownership, and long-term sustainability of interventions (Dushkova & Haase, 2020; Mahmoud et al., 
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2021). In that sense, studies show that such neighbourhood projects can help prioritize areas for NBS, 

and bridge gaps between policy, technical expertise, and residents’ expectations (Battisti et al., 2024; 

Rauf et al., 2024). However, Rauf et al. (2024) & Snep et al. (2023) mention that this also entails 

obstacles as there are uncertainties as knowledge, costs, and shared responsibilities among the 

stakeholders. 

Others state that improving the accessibility of knowledge and practical support is a necessary step for 

increased future implementation. López-Maciel et al. (2023) and Adu Boateng et al. (2023) note that 

accessible information, technical guidance and education campaigns can significantly increase 

residents’ understanding, confidence, and capacity to install and maintain NBS. Educational and 

awareness efforts are particularly impactful when coupled with financial incentives and low-threshold 

technical assistance, such as installation support or local advice. In a study in Eindhoven, adoption rates 

among residents were found to be low, but could be substantially improved through targeted financial 

and educational interventions (López-Maciel et al., 2023). Moreover, simplifying installation and 

maintenance procedures, making NBS easy to try out and adapt to personal needs, has been shown to 

increase adoption by up to 17% (López-Maciel et al., 2023). These findings point to the need to remove 

practical and perceptual barriers, particularly those associated with technical complexity or uncertainty. 

Taken together, these insights suggest that improving NBS adoption among homeowners requires 

clarity in definition and policy, shared governance, accessible knowledge and incentives, and an 

integrated approach to participation and implementation support. Future strategies must not address 

these dimensions separately, but as interdependent conditions that collectively determine the feasibility 

and appeal of nature-based interventions in the residential domain. 

 

2.7 Conceptual model 

As illustrated in figure 2.6, the conceptual model synthesises the findings from the scientific literature. 

A larger version is provided in appendix 1. The model delineates the factors that constitute the various 

dimensions in the implementation process, alongside the associated factors that have emerged from 

academic literature. These dimensions independently influence the outcome of the primary research 

question: “What are the perceptions of property-owners towards the implementation of nature-based 

solutions to their buildings?” The context-dependent factors, namely the type of house and province, 

will be utilised for the purpose of establishing control. In accordance with the various dimensions, 

responses can also be formulated to the sub-questions:   

1. How do the building owners perceive the possibilities of integrating NBS on their buildings? 

2. What are the perceived barriers and enablers to integrate NBS into buildings? 

3. What are the perceptions of building owners towards future implementation processes? 
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Figure 2.6: Conceptual model of the study. Illustrating factors that influence the perceptions of homeowners regarding NBS 

implementation. 
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3. Methodology 
This chapter will explain which methods are used to answer the research question ‘what are the 

perceptions of homeowners towards the implementation of nature-based solutions to their building?’. 

The goal is to gain further understanding of implementation processes and the reasoning behind it for 

homeowners. An answer to this research question will be found with the use of sub-questions, covering 

perceived possibilities, current barriers and enablers, and perceptions for the future. The chapter ends 

with a visual summary of the methodological process of this research.  

3.1 Study areas 

This study is conducted in urbanized areas of two provinces of the Netherlands, Noord-Holland (NH) 

and Utrecht (U), as illustrated in figure 3.1. The urbanized areas in which the data are collected are as 

follows: Amersfoort (U), Amsterdam (NH), Bilthoven (U), Bloemendaal (NH), Haarlem (NH), 

Nieuwegein (U), Overveen (NH), Soest (U), Utrecht (U), and Zeist (U). The reason to collect data in 

two provinces is to enable a comparison between them.  It is proven that different urban, geographical, 

and socio-economic context impact certain perceptions, in the field of NBS studies (Ferreira et al., 

2021). The provinces of Noord-Holland and Utrecht are distinct in terms of governmental institutions 

and rural landscapes. This creates a difference in regulations and decision-making. In terms of climate 

adaptation strategies, the province of Utrecht has adopted an integral and participatory approach. The 

province is collaborating in a pilot with several municipalities within its region, to implement strategies 

that have been devised by these municipalities (Rijkswaterstaat, n.d.). In contrast, Noord-Holland 

adopts a more regulatory approach. The province establishes boundaries and policy frameworks for 

municipalities, encouraging them to incorporate climate adaption considerations into the development 

of new buildings and infrastructure (Provincie Noord-Holland, 2025).  

 

Figure 3.1: Research study areas; L: provinces, R: cities/villages (Author, 2025) 
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The differences in the approaches can therefore have different consequences for individuals residing in 

this province. It is therefore of relevance to investigate if these differences have effect on the perceptions 

of the respective residents. Both provinces do not distribute subsidies for individuals; this responsibility 

is delegated to the municipalities. The level of subsidy allocation varies from one municipality to 

another. Table 3.1 presents an overview of the subsidies available to residents of the studied 

municipalities in this research. The data show that more areas in the province of Utrecht have access to 

subsidies for its residents. So, despite the proximity of the provinces to each other and their geographical 

location within De Randstad region, there are relevant differences between them for the purposes of 

this research. The present study seeks to investigate the impact of provincial differences on individual 

perceptions. 

Table 3.1: NBS subsidies per municipality  (Milieu Centraal, n.d.-a) 

Municipality Province NBS subsidy For what type of 

NBS 

Amersfoort Utrecht Yes Green roof 

Amsterdam Noord-Holland Yes Green roof, removing 

tiles 

Bloemendaal* Noord-Holland Yes Green roof 

De Bilt** Utrecht Yes Green roof, removing 

tiles, rain garden 

Haarlem Noord-Holland Yes Green roof 

Nieuwegein Utrecht Yes Green roof, removing 

tiles, rain garden 

Soest Utrecht Yes Green roof 

Utrecht Utrecht Yes Green roof, removing 

tiles, rain garden 

Zeist Utrecht Yes Green roof, removing 

tiles, rain garden 

* Overveen is part of the municipality of Bloemendaal 

** Bilthoven is part of the municipality of De Bilt 

 

 



32 
 

3.2 Specific characteristics 

This research also distinguishes the types of houses. Separating fully detached houses from other 

housing types: corner houses, terraced houses, semi-detached houses, and upper-floor apartments. This 

categorisation is analytically relevant because the housing type strongly influences both the physical 

feasibility and the perceived relevance of implementing NBS, such as green roofs, vertical greenery, or 

rainwater retention systems (Rauf et al., 2024; Xiao et al., 2023). Detached houses often provide more 

private outdoor space and design autonomy, which can foster greater individual agency in implementing 

NBS. In contrast, homeowners of more compact or collectively managed housing units may face 

institutional barriers or dependence on collective decision-making processes (Kronsell & and Mukhtar-

Landgren, 2018). Differentiating by housing type therefore allows for a more nuanced understanding 

of how certain contexts shape homeowners’ perceptions, opportunities, and constraints in engaging with 

NBS. Next to that, it is of importance that the resident is living in an owner-occupied house, as it is 

essential that a resident is entitled to adjust the property, which is often not the case with rental contracts.  

 

3.3 Qualitative research in NBS studies 

To answer the questions outlined above, a qualitative research approach is applied. Qualitative research 

primarily involves the collection of non-numerical data, covering a wide range of materials such as 

texts, photographs and videos, spoken recordings, maps, observations and historical data (Hay & Cope, 

2021). This method allows experiences and thoughts to be expressed. It does not use static data and 

expressions in numbers. It is rooted in an epistemological framework that values, and seeks to 

understand, human experiences, emotions, relationships, differences, inequalities and cultural practices 

(Hay & Cope, 2021). Given that the central focus of this research lies in exploring the perceptions of 

homeowners, a qualitative methodology seems suitable. It enables an in-depth understanding of how 

individuals interpret and experience NBS implemented on buildings, insights that would be difficult to 

capture through quantitative measures alone. 

However, a limitation of qualitative approaches is the restricted generalisation that can be achieved. 

The experiences and perceptions of the homeowners studied in this research do not represent those of 

all homeowners living in the same area or type of house (Scheepers & Tobi, 2021). Nevertheless, these 

variations illustrate all the different opinions and possible requirements of homeowners. They are 

therefore crucial for understanding the barriers and enablers in the implementation process of NBS on 

individual properties. Next to that, qualitative research is dependent on its context; perceptions are 

unique and influenced by various background factors. Although it is not possible to avoid this 

completely, it is important to take this into account as a researcher when conducting this research 

(Bryman, 2016). 
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Although many of the NBS studies mentioned in chapter 2 rely on quantitative approaches, qualitative 

research methods are also of value in studies of NBS on buildings. Quantitative research can measure 

and compare outcomes (e.g., willingness to pay, mental health scores), but it may not fully explain the 

underlying reasons or meanings behind these numbers, especially for intangible benefits (Viti et al., 

2022). Several studies have therefore underscored the value of qualitative research in the context of 

NBS, as it is useful for codifying the opinions that were expressed by respondents (Dorst et al., 2022; 

Sturiale et al., 2023; Van der Jagt et al., 2020). While the focus of these studies was on stakeholders 

other than homeowners, research of Rauf et al. (2024) demonstrates a broader application. Their 

research included both stakeholders and residents, using quantitative surveys for stakeholder input 

while conducting interviews with residents of their study area. They argue that it is necessary to include 

lived experiences to improve current landscape management systems Rauf et al. (2024).  

Building on the above and considering the specific focus on homeowners’ perceptions in this research, 

the most suitable approach for this research is therefore a qualitative research method. As interviews 

were used as a qualitative method in other NBS studies, this will be the method used in this research as 

well. 

3.4 Interviews 

Prior to the study, literature research is conducted on current perceptions about NBS on buildings, which 

is reflected in the theoretical framework in chapter 2. The study itself consists of interviews. The 

interview questions are based on the findings in the theoretical framework, the operationalisation of this 

can be found in appendix 2.  

The interviews in this study are semi-structured. This means that the interviewer drafts questions as a 

guide but can engage on certain answers. This results in open-ended questions to which a variety of 

answers is possible and providing room to delve deeper into answers that arouse interest (Dunn, 2021). 

This supports the choice of doing interviews in this study, rather than using quantitative methods. It is 

all about the experiences of homeowners, so the focus of each interview can be different. 

Prior to conducting the interviews, a topic list is developed to provide a general structure and to ensure 

that all relevant themes are addressed. While the topic list serves as a useful guide, it is important to 

remain flexible during the interview process. Participants may address certain themes spontaneously 

while responding to questions on a different topic. In such cases, repeating similar questions may result 

in redundancy and could be perceived by the participant as inattentiveness or lack of engagement by 

the interviewer. Therefore, the interviewer must remain attentive, responsive, and willing to adapt the 

sequence of questions based on the direction of the conversation, rather than relying rigidly on the pre-

structured topic list. This adaptive approach aligns with the nature of semi-structured interviews, which 
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aim to balance structure with openness, allowing participants the space to express their experiences in 

their own terms (Bryman, 2016). The topic list can be found in appendix 3. 

To minimise the psychological distance between interviewer and interviewee, a range of methods for 

conducting the interview is proposed. It is mentioned that the preferred location would be in the 

participant's home, facilitating some understanding of the house of the interviewee. However, every 

participant gets the option to choose another physical location, or a (video) call.  Online gathered data 

are equivalent to in-person collected data for semi-structured interviews, in terms of data integrity and 

quality (Shapka et al., 2016). The interview starts after a brief chat between the interviewer and 

interviewee. After that, the subject is introduced, after which permission is obtained for an audio 

recording to be made. 

 

3.5 Data collection 

This study employs a non-probability sampling strategy, meaning that not every member of the 

population had an equal chance of being selected. This is done, because the characteristics of housing 

type and province mattered. However, this approach entails a risk of researcher bias, as some units in 

the population will not be represented. This undermines the generalisability and validity.  Furthermore, 

sampling bias can also occur, if the selection of participants overrepresents certain perspectives of 

groups (Clifford et al., 2010). It is important to take this into account when drawing conclusions. 

Nevertheless, in this research, this sampling strategy is most suitable due to the needed specific 

characteristics of respondents.  

Subsequent, a purposive sampling method was applied, using the principle of maximum variation 

sampling. This approach involves deliberately selecting participants based on diverse characteristics, to 

capture a wide range of perspectives on the topic of interest. Maximum variation is aimed to gain 

information from as many angles as possible, while keeping each group evenly represented (Nyimbili 

& Nyimbili, 2024). For that reason, half of the respondents were from Noord-Holland and the other half 

from Utrecht. Adding to that, the type of house was also evenly distributed, half of the respondents live 

in a detached house and the other half in semi/non-detached houses. The goal of this sampling strategy 

is to identify both shared patterns and unique experiences across the participant group, thereby 

enhancing the richness and validity of the analysis (Patton, 2015). 

3.5.1 Sampling plan 

A few individuals who met the sampling criteria are approached via personal contacts. Using personal 

contacts helps to establish of a good rapport with the participants, as they are more likely to accept the 

researcher and share personal matters. This leads to higher quality data (Van Meijl et al., 2021). As 

such, personal contacts were sent a brief message about the research, and they were asked if they would 
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and/or knew individuals who could be willing to participate. This is called snowball sampling. Snowball 

sampling involves collecting the target group through acquaintances, so individuals approached by the 

researcher will in turn collect individuals in their own network of acquaintances (Naderifar, Goli & 

Ghaljaie, 2017). It is often applied when it is difficult for the researcher to reach the target group of the 

study. Through acquaintances who meet the sampling criteria, contact can be made with other people 

who live in this certain area in a certain type of house. The snowball method is advantageous as it takes 

little time and provides easier communication, as the participants are recruited via-via and thus can 

easily provide contact with potential participants (Polit & Beck, 2010). However, this method can also 

cause the response group to be formed early in the process according to the personal characteristics of 

the first participants in the process. In such case, the response group could end up consisting of 

individual that are of the same age and with the same educational background (Parker, Scott & Geddes, 

2019). Despite this limitation, this method is used in this study. This is because the target group is 

otherwise difficult to reach within the timeframe of the study, as the researcher itself is not part of the 

target group. 

It was planned to conduct 12-16 interviews. In the end, 14 interviews are conducted, with a total of 15 

respondents. One interview is done with a couple living in their house together, who wanted to both 

engage with the interview. The minimum interview length was 20 min., the maximum length 40 min., 

with most interviews having a length between 25 and 35 min. After 14 interviews, no more interviews 

were conducted, as the point of saturation was reached (Van Meijl et al., 2021). This is the moment 

when the researcher obtains no new findings in the data collection and patterns are repeated. An 

overview of the respondents and their characteristics is presented in table 3.2. All but two respondents 

own a garden attached to their house. Anna shares a garden with her downstairs neighbour; she can also 

adjust the roof of the building. Willemijn has a balcony and a roof with a terrace. Next to that, all the 

respondents have finished higher education, either higher professional education or university 

education. 

Table 3.2: Respondents characteristics  

Name* Ag

e 

Gender Living area Housing 

type 

Household 

(nr. of 

persons) 

Energy 

label** 

Moment of 

interview 

Anna 47 Woman Haarlem, NH Upstairs 

flat 

1  N/A 28-04-2025 

20:30 

In person 

Valerie 57 Woman Overveen, NH Detached  2 C 29-04-2025 

12:00 
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In person 

Berend 54 Man Haarlem, NH Terraced 

(tussen-

woning) 

2 D 29-04-2025 

16:00 

In person 

Anouk 57 Woman Haarlem, NH Semi-

detached  

2 N/A 30-04-2025 

11:30 

In person 

Nora 55 Woman Soest, U Detached 2 F 07-05-2025 

17:15 

In person 

Dirk & 

Loes 

62 

& 

61 

Man & 

Woman 

Soest, U Detached 2 N/A 07-05-2025 

20:30 

In person 

Willemi

jn 

55 Woman Amsterdam, 

NH 

Upstairs 

flat 

4  C 08-05-2025 

14:30 

In person 

Charlott

e 

56 Woman Haarlem, NH Semi-

detached 

2 A+++ 08-05-2025 

17:00 

In person 

Jeroen 61 Man Amersfoort U Detached 2 C 10-05-2025 

14:00 

In person 

Oscar 50 Man Bloemendaal, 

NH 

Detached 4 A 12-05-2025 

10:00 

Call 

Vera 60 Woman Zeist, U Detached 2 N/A 14-05-2025 

15:00 

Video call 
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Pieter 56 Man Nieuwegein, U Terraced 2 C 14-05-2025 

18:00 

In person 

Floris 56 Man Bilthoven, U Detached 1 C 15-05-2025 

14:15 

Call 

Marije 53 Woman Utrecht, U Terraced 2 N/A 16-05-2025 

17:30 

In person 

*Pseudonyms 

** Energy labels in the Netherlands range from A++++ to G. Label G indicates the house is very energy 

inefficient compared to similar houses (Milieu Centraal, n.d.-b). N/A is used when energy label is not 

available. 

3.6 Data analysis 

3.6.1 Process 

Data collection was done with audio recordings. This was chosen because recording an interview, as 

opposed to taking notes during an interview, allowed the interviewer to listen more attentively and 

critically (Dunn, 2021). In addition, it also gave more time to stay in line with the interview and organise 

the questions/topics to come. However, facial expressions and gestures could not be noted. 

Nevertheless, in this study it was chosen not to take notes, to keep the focus on the conversation and to 

listen carefully to the answers. To reduce the risk of unsuccessful recording, each interview was checked 

in advance to ensure that the interview was recorded properly. In addition, it was mentioned before the 

interview that the recordings would not be shared publicly. Each participant agreed to be recorded. 

Qualitative data analysis is defined as a process of identifying and interpreting collected data from 

research participants (Hennink et al., 2020). It is a process of discovery, in which researchers must stay 

close to the data if they are to understand the research questions in an informed way. 

In this study, the analysis was conducted using the methodological framework of grounded theory. This 

signified that the data collected were processed in an inductive way, thereby enabling the formulation 

of a theory derived from the data. As in this research, data were analysed to formulate perceptions of 

homeowners, grounded theory was the most suitable way for answering the research question. The 

outcome of a grounded theory analysis is a comprehensive theory that emerges from data, by applying 

systematic techniques, to underpin a phenomenon or process (Hennink et al., 2020). A strength of 
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grounded theory lies in the simultaneous collection, coding and analysis of data, and the creation of a 

theory during research. The development and refinement of the theory occurs iteratively during the 

analysis process (Ryan & Bernard, 2010). This approach leads to rich theoretical insights, supported by 

empirical evidence (Glacer & Strauss, 1967; Green & Thorogood, 2004). However, it is needed to be 

aware of subjective interpretation and therefore restricted generalisation (Scheepers & Tobi, 2021). 

Because the theory is solely derived from the data, choices and interpretations of the researcher play a 

key role in forming the theory. As it is the best suitable way for this research, reflectivity on the methods 

applied is necessary when conclusions are drawn. The interviews were first transcribed and coded, to 

be able to apply grounded theory to the collected data. The transcription and coding process is further 

explained in paragraphs 3.6.2 and 3.6.3. 

After all interviews were transcribed and coded, the process of data analysis was carried out. The goal 

was to identify key topics that emerged from the data, with the interview transcripts providing in-depth 

insights into how homeowners perceive NBS applied to their homes. These rich narratives allowed for 

a detailed understanding of various aspects and nuances within each theme (Hennink et al., 2020). 

Through this descriptive phase, the unique and diverse perspectives of participants on NBS in 

residential settings were highlighted. This phase will begin with the creation of a word cloud. This 

provides a quick visual summary of the words that were used most frequently throughout the interviews. 

Therefore, word clouds can serve as a useful starting point for analysing large amounts of qualitative 

data, such as interview transcripts, providing a basic understanding of the data before deeper analysis 

is applied. This enables key topics and themes to be identified (McNaught & Lam, 2010). This was 

achieved using the NVivo 15 software, which allowed a word cloud out to be created from the 

transcription files. The word cloud was generated for words of six characters or more. This is done 

because this already filters out commonly used words such as ‘and’, ‘what’, and ‘think’, as longer words 

are more likely to be specific (DePaolo & Wilkinson, 2014). Additionally, it was generated with 

stemmed words, to match up similar words. However, it is important to bear in mind that words spoken 

by the interviewer are also counted, which are often topic-related words. Some words were therefore 

left out manually, to make the word cloud easier to interpret (DePaolo & Wilkinson, 2014). The words 

that are left out can be found in appendix 5. Finally, it is also important for the researcher to bear in 

mind that word clouds are supplementary tools that do not replace in-depth data analysis, as they do not 

capture context or deeper meanings (McNaught & Lam, 2010).  

However, description of the data alone is not sufficient in grounded theory. The next step was to move 

towards interpretation and explanation, aiming to understand not only what participants think, but why 

they think that way in relation to their housing context and broader sustainability concerns. This 

interpretive process contributes to the development of a theory grounded in the everyday realities and 

lived experiences of urban residents (Hennink et al., 2020), which is further elaborated in chapter 5, the 

discussion. 
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Subsequently, the constant comparative method was used throughout the analysis to support the 

transition from descriptive coding to theory-building. This method creates a bridge between identifying 

issues in the data and explaining them: through continuous comparison, patterns, contradictions, and 

deeper meanings began to emerge (Hennink et al., 2020). A cross-case comparison was applied across 

all interviews, examining how different participants, living in different housing types, experienced or 

interpreted NBS. This approach helped to map the range and diversity of perceptions and enabled the 

identification of similarities and differences across the dataset. 

Finally, individual codes were grouped into broader thematic categories, and connections between 

themes were analysed in relation to the central research question. This iterative, inductive process 

ultimately led to a grounded, theory-informed explanation of how homeowners understand and relate 

to NBS on their homes. 

3.6.2 Transcribing 

The first step in the data analysis process was to transcribe the interviews in full. This ensured that the 

answers given were recorded accurately and nothing was forgotten or distorted. This is also useful when 

including quotes in the results chapter. The audio recordings were transcribed verbally so that the 

transcripts could be analysed. This meant that hesitations, filler words and stuttering were ignored. This 

makes the text clearer and easier to use in the study (Plochg & Van Zwieten, 2007). 

The interviews in this study were transcribed using Amberscript software. This software is provided by 

Utrecht University. Each transcript was then reread while the recorded interview was played back. This 

process allowed errors made by the software to be identified and corrected and ensured that the text was 

read completely. The interviewer was present during the interviews and can therefore best reconstruct 

the exchange of information. Additionally, working with the collected data again helps with the initial 

phase of analysis (Dunn, 2021). The transcripts were then used to analyse the content.  

3.6.3 Coding 

Once all the interviews had been transcribed, the transcripts were coded. Grounded theory proposes the 

use of three steps in analysing the data: open coding, axial coding, and selective coding (Boeije, 2014). 

This process involves marking sentences or phrases and linking them to a particular code. Initially, a 

variety of codes was assigned to specific sections of the transcript. This process used the NVivo 

software, which can collect codes from different transcripts and connects them to one project. This 

makes the different codes easy to use with different transcripts. The codes were not created by the 

program. They were created inductively, meaning they came from within the data and stayed close to 

the text. This is called open coding. 

These open codes were then collected and grouped under umbrella codes. This is called axial coding, 

which creates an overview of the collected data. The umbrella codes emerged from the earlier defined 
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theory. Therefore, these are deductive codes. These deductive codes were determined based on literature 

research within the theoretical framework and were also incorporated into the operationalisation. These 

deductive codes were then linked to earlier defined themes. This process is known as selective coding 

(Williams & Moser, 2019). This enabled linkage between the study results and current literature 

findings. Figure 3.2 shows the coding process schematically. If a theme emerged frequently in the 

interviews and was not addressed in the theoretical framework, it became a new umbrella code. Unlike 

the other umbrella codes, this code was inductive. The axial and selective parts of the coding process 

were iterative, as codes and themes are defined beforehand, but are also adjusted during the analysis. A 

schematic overview of the codes is shown in the coding framework in appendix 4. 

 

Figure 3.2: Schematic view of the coding process (adapted from William & Moser, 2019) 

 

3.7 Ethic considerations 

This study has been conducted with consideration for ethical principles. At the beginning of each 

interview, the interviewee was informed about the purpose of the interview and where the research 

would end up. The interviewees were informed about the thesis database of Utrecht University. The 

interviewees were all asked for permission to audio-record the interview. After that, it was explained 

that this audio recording is only available for the researcher and will be deleted when the research is 

finished (Hay & Cope, 2021).  The recordings were used in the transcribing process, using Amberscript. 

The audio fragments were removed from Amberscript immediately after transcription.  

As it is of importance that the respondents recognize their experiences and answers in this research, the 

researcher tried to confirm their responses during the interview. The interviewee sometimes provided 

answers that were then subsequently employed as questions for confirmation by the researcher. This is 

done to verify the researcher’s interpretation of the response. This approach ensures to describe the data 

as accurately as possible, whilst facilitating the documentation of the homeowners’ experience. 
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The respondents were informed that their data would be used anonymously, but that personal 

characteristics would be shared. Furthermore, in the transcription, instances of the name of an individual 

were substituted with e.g.  [name] or [name friend]. In addition, respondents were informed that they 

had the option to stop, pause, or skip a question during the interview at their discretion (Dunn, 2021). 

3.8 Validity and reliability  

In qualitative research, validity and reliability are assessed in terms of credibility, consistency, and 

transparency rather than statistical precision. In this study, both internal and external validity and 

reliability were considered throughout the research design, data collection, and analysis process. By 

doing this, the feasibility of the research increases (Scheepers & Tobi, 2021). 

To enhance internal validity, the interview guide was developed based on theoretical concepts relevant 

to homeowners’ perceptions of NBS and was tested in advance with an acquaintance of the researcher. 

This pre-test helped identify unclear or overly narrow questions and allowed for adjustments of flaws 

(Scheepers & Tobi, 2021). Next to that, the topic list ensured the collection of structural data. To ensure 

that respondents could provide informed reflections, a brief information sheet explaining the concept 

NBS was shared during the interview. In the interview, participants got time to investigate this factsheet. 

It was purposely not shared beforehand, to measure the what the existing knowledge was about NBS. 

The factsheet aimed to increase the internal validity of the study by minimizing the influence of 

unfamiliarity with the topic on the interview responses 

Regarding external validity, maximum variation sampling was applied across housing types and 

geographic regions (North Holland and Utrecht), enabling a wide range of perspectives to emerge. 

Though qualitative research does not aim for statistical generalisability, this variation supports 

transferability of the findings to similar urban contexts. By comparing cases across housing types using 

cross-case analysis, broader themes and differences could be identified that contribute to a context-

sensitive but insightful understanding of how homeowners engaged with and perceived the feasibility 

of NBS in the built environment. However, generalisation should be considered. 

Reliability was strengthened by consistent documentation of the research steps, including interview 

procedures, transcription, and coding. Open coding was used inductively, with all interviews transcribed 

and analysed using the constant comparative method. This allowed for both description and explanation 

of patterns in the data. Moreover, critical reflection was applied throughout the process, particularly in 

terms of researcher positionality (Clifford et al., 2010). The researcher was aware of the social and 

experiential distance between themselves and the participants, including differences in age and 

familiarity with the home environment. During interviews, participants often directed the conversation 

toward areas of their own knowledge and interpretation of the topic, which was embraced rather than 
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interrupted. This created space for authentic responses and allowed the researcher to return to the topic 

with greater sensitivity to the participant’s frame of reference. 

To maintain neutrality, non-relevant personal characteristics of the researcher were not disclosed unless 

directly asked for, thereby limiting the influence of identity on participants’ responses (Hennink et al., 

2020). This practice helped reduce bias and supported the consistency of the data collection. 

3.9 Flow chart 

Figure 3.3 presents a visual summary of the methods applied in this research, from the development of 

interview questions to the interpretation of findings. This visual overview supports the methodological 

narrative and highlights key decisions made during the research process.   

 

Figure 3.3: Flow chart of research process (Author,2025). 
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4. Results 

This chapter presents the key findings from the qualitative analysis of fourteen semi-structured 

interviews. First a word cloud of the interviews will be explored. Then, the results are structured 

according to the sub-questions. First, perceived possibilities, then the barriers and enabler, and finally 

the potential implementation process. Together, these elements aim to answer the main research 

question: What are the perceptions of homeowners regarding the implementation of nature-based 

solutions (NBS) on their homes? Illustrative quotes are included, with pseudonyms corresponding to 

table 3.2. 

In this chapter, ‘homeowners’ refers to the fifteen participants residing in Noord-Holland and Utrecht. 

Due to the limited sample size, findings should not be generalised to all homeowners of these provinces 

living in a (non-) detached house. 

4.1 Word cloud 

To create a general overview of the topics and themes throughout the interviews, a word cloud is 

generated. The world cloud is shown in figure 4.1. It can be concluded that energy consumption was 

amply discussed, as insulation and solar panels are often mentioned. A lot was also discussed about the 

characteristics and benefits of NBS, covering ‘air quality’, ‘health’, ‘biodiversity’. Other words can also 

relate to this, as ‘green’, ‘plants’, and ‘heat’, however these can be used in more general contexts as 

well. Also, authority institutions were discussed often, as municipalities are mentioned, but also the 

subsidies they can give. Finally, potential barriers or enablers can be identified, as terms such as 

‘knowledge’, ‘concerns’ and ‘subsidies’ are frequently occurring. These can be supplemented by some 

of the grey words, which are potentially supplemental to barriers or enablers. Other words that are often 

mentioned can relate to the place were NBS are seen or implemented, such as ‘shed’, ‘street’, and ‘built 

environment’. 
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Figure 4.1: Word cloud (Author, 2025). The bigger, light green words indicate the most often used words and topics in the 

interviews. The smaller, darker green words indicate words and topics that are less, but still quite often discussed. The small 

grey words indicate less discussed, but relevant words and topics. 

4.2 Perceived possibilities   

This section explores the first theme: perceived possibilities. It outlines the homeowners’ views on 

climate-related issues, their exposure to NBS, how NBS are perceived in comparison with traditional 

(sustainable) technologies, and how they assess the suitability of NBS for their own homes. This section 

contributes to answering sub-question 1: How do the building owners perceive the possibilities of 

integrating NBS on their buildings? 

Climate awareness 

All participants reported taking measures to minimise their environmental impact. These measures 

included a reduction in meat consumption, the purchase of second-hand clothing, and the 

implementation of rainwater harvesting and energy-efficient home insulation measures. Furthermore, 

concerns were raised by all but two of the participants. It was indicated by the participants that attempt 

to be sustainable, but that they do not have any direct concerns in this regard. The participants who 

expressed their concerns primarily focussed on the future of the next generation and the consequences 

for nature. These concerns were expressed with particular emphasis: “I am seriously worried about that” 

(Valerie, 57). Concerns regarding health were only expressed by Marije, mentioning diseases that will 

be faced in the future due to drought or humidity. 
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Exposure to NBS 

The presence of NBS on buildings, and thus exposure to NBS, was experienced differently. Initially, 

many participants perceived an absence of NBS in their neighbourhood and mainly thought of other 

NBS places, such as bus shelters. The presence of flora on the roofs of bus shelters was a point noted 

by almost every homeowner. It was only subsequently that many people became aware of the existence 

of green roofs on nearby buildings or in other parts of the city. During the interviews, additional 

examples were often cited, including the utilisation of living walls in the respondents' work 

environments and green solutions observed internationally. These visible NBS on buildings are 

generally perceived positively by the participants, especially in terms of their appearance. They find 

them attractive and enjoyable to look at or see them as good examples. However, for the majority, they 

do not serve as a source of true inspiration: 

“I think it looks nice. So far, it hasn’t inspired me to think about putting something 

like that on my own roof or on my own facade.” (Pieter, 57) 

 

NBS compared to more traditional solutions 

Most homeowners indicate that they think of solar panels as sustainable systems for domestic use. All 

participants have already implemented systems themselves, such as insulating windows, solar panels, 

water-permeable paving stones, a natural garden or native plant species. Regarding the comparison of 

NBS with technical solutions for insulation and energy use, it becomes evident that many homeowners 

do not perceive NBS as standalone solutions, particularly in the domain of insulation. It has been 

asserted by several participants that they experience greater concern regarding the retention of warmth 

during the winter months than they do regarding the necessity of cooling their homes during the summer 

months. This was more often mentioned by homeowners of detached homes, although Oscar (50), who 

also lives in a detached house, did say he suffers from heat in summer. Furthermore, he acknowledged 

the advantages of a technical solution, noting that with an air conditioner he can both cool and heat, 

with heating being more efficient:  

“Yes, ultimately it comes down to an investment decision. And I think where... for 

me this is just something extra that you could add.” (Oscar, 50) 

Marije (53) agrees with this. She posited that the economic interests of the subject were of greater 

significance than the option of a green roof when choosing between that and solar panels. If her roof 

had been larger, a part of it could have been green, she stated. However, it is noteworthy that all 

respondents acknowledged the merits of NBS and did not refute them. It was repeatedly emphasised 

that a combination of both NBS and technical solutions is considered beneficial. Anna (47) was the 
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only person to believe in NBS as a standalone solution, particularly due to their contribution to 

biodiversity. 

NBS understanding & suitability 

The awareness of NBS on buildings is still limited. Many participants referred to the initiative to replace 

tiles in gardens or in front of houses with plants, or simply to having a green garden. While all 

respondents expressed familiarity with green roofs, many demonstrated limited familiarity with rain 

gardens. The concept of green facades and living walls has been acknowledged as NBS, yet it appears 

that the participants have not fully grasped the potential for implementing such features on residential 

properties, rather than solely on large-scale buildings. 

In addition, when questioned on their familiarity with NBS, half of the interviewees cited alternative 

sustainable solutions, such as heat pumps, solar panels or rain barrels. Some interviewees exhibited 

confusion between NBS and the utilisation of natural materials, such as thatch or certain types of wool, 

for insulation purposes. It appeared to be a challenging task for many homeowners to estimate the 

suitability of NBS for their own home.:  

“Well, I know it exists, but your house also has to be suitable. And yes, look, you 

can very nicely put a moss sedum roof on your roof, but then your roof has to be 

suitable and able to support it, so to speak. Yes, and it also has to fit the street view.” 

(Berend, 54) 

Berend is not the only one who considers the appearance of the street. It appears that both homeowners 

of detached and non-detached homes consider the aesthetic appearance of the building. The primary 

reason for this is either that it would not fit the neighbourhood, or because the building is a listed 

monument or part of a protected cityscape. This was mentioned for both detached and non-detached 

houses. For non-detached houses, it was more often about the street view; listed and protected properties 

included both detached and non-detached houses. Additionally, suitability was considered not only in 

terms of green roofs, but also green facades. Many respondents immediately thought of the effects on 

the exterior wall, such as ivy or other plants growing directly against it. Such statements were often 

expressed negatively. Once more, it became evident that the homeowners had conducted negligible 

research on the functionality of green walls and the methods by which they could be installed. 

However, it did become clear that many participants had not yet explored the possibilities. Three 

participants had done so in relation to a green roof for a garden house, shed or extension. In all three 

cases, the contractor/builder assessed the structure as being unable to support the weight of a green roof. 

They had not yet considered it for their main home. Anouk (57), who desired a green roof for her garden 

house, primarily appreciated the aesthetic appeal of the concept. Regarding her house, she currently 

perceives no personal benefit. Furthermore, she had not explored the possibilities, nor conducted any 
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research, and she described herself as not being a frontrunner in terms of sustainability. However, it 

became evident that both Anouk and others drew inspiration from the interview, as for many, it 

constituted the first occasion on which they had encountered more detailed information and begun to 

reflect on the topic. For example, Charlotte (56) said: “I don’t feel the urgency, but I’d be happy to be 

convinced.” And shortly after that: “Oh no, no definitely not. I’d be very interested in whether we could 

still do something. I just think it’s very difficult.” 

A recurrent theme, particularly among homeowners of detached or corner residences, was 

absence of perceived necessity, because they live in a green environment or already have a 

good energy label. As a result, they do not feel the need to add more greenery. The 

contribution of NBS to the environment is therefore considered minor, and they do not explore 

the possibilities further. Vera also noted the absence of an impulse to investigate NBS options: 

 “But apart from that, I think you only start looking into it when you want to do something 

with your house. So, say we want to sell... or if you’re planning a major renovation, then 

you’d of course take it into account. But then you’d weigh it up naturally.” (Vera, 60) 

 

Conclusion 

The estimated possibilities for implementing NBS in residential properties are perceived to be low. 

Many participants have expressed concerns that their homes are not suitable for NBS. However, only a 

limited number of them have investigated this. This focus was on green roofs, which were the most 

prominent NBS among the participants. While many individuals are familiar with green facades in the 

context of commercial buildings, the potential for their application to residential structures is not 

commonly understood. It was observed that most participants were not acquainted with the concept of 

rain gardens. The extent to which individuals perceive possibilities and are willing to explore them is 

also constrained by a perceived lack of urgency, which may be attributable to residing near natural 

environments. 

 

4.3 Barriers 

Chapter 2, the theoretical framework, demonstrates that several factors have the potential to act as 

barriers to the implementation of NBS on residential buildings. This paragraph explains the way 

financial, knowledge-related, maintenance-related, engagement-related and property-specific factors 

have the potential to act as a barrier for homeowners. These results aim to answer the sub-question: 

What are the perceived barriers and enablers to integrate NBS into buildings? 
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Financial 

The participants expressed a range of divergent opinions regarding the financial aspects of NBS on their 

house. It was evident that all respondents agreed on the necessity of investments that do not yield direct 

returns. However, the willingness to invest among homeowners is not uniform. The following two 

quotations illustrate the contrast in attitudes towards such an investment, as expressed by Jeroen and 

Berend: 

“J: No, no. No, this is going to cost money. 

I: And in the long term perhaps? 

J: Also not. No, at most maybe health-related themes. 

I: And those wouldn’t outweigh the cost for you? 

J: No, I have no complaints.” (Jeroen, 61) 

“No, I’m open to that. But of course, it comes with a price tag, because it wouldn’t 

be cheap to install such a roof. But yes, I’m definitely open to it.” (Berend, 54) 

Jeroen is aware of his own attitude and acknowledges that certain things necessitate financial 

investment; “otherwise, you end up doing nothing.” Many other homeowners also mention that financial 

considerations play a pivotal role regarding NBS implementation. For instance, Marije chose solar 

panels over NBS while renovating her home, because of the quick returns on the investment. Vera also 

is uncertain about such an investment, because she does not know at what pace she will receive financial 

returns on the investment of NBS. Although they acknowledge the benefits, they doubt whether energy 

cost reductions would be substantial, since most expenses concern heating in winter rather than cooling 

in summer. Others, however, do see potential benefits, especially for homes that use air conditioning. 

Homeowners frequently neglect to research the availability of subsidies or only undertake this research 

infrequently. For instance, Willemijn (55) installed a 

small patch of sedum on her roof some time ago, as 

demonstrated in figure 4.2, at a time when no subsidy 

was available. The subject had initially expressed a 

desire to undertake this action for the neighbouring 

property; however, this was not a possibility at the 

time. Even though she had been contemplating the 

possibility of undertaking a project related to the roof, 

she had not yet conducted any research into the 

subsidies. 

Several participants indicated that subsidies would not 

make a significant difference in their decision. Floris (54), for instance, stated that he carried out other 

Figure 4.2: Sedum on the roof of Willemijn (Author, 

2025) 
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sustainable improvements in his house for environmental reasons without any subsidy, with the idea 

that they would lead to long-term savings. This also applies to Anouk (57), who said: “I think subsidies 

help, but for me personally, that wouldn’t be a reason.” 

Other participants explicitly stated that subsidies could make a difference in their decision to install 

NBS. Nora (55) noted that a subsidy would certainly influence her choice, but only if it also applied 

when carrying out the work yourself, in order to save on labour costs. Floris and Nora live in detached 

houses, Anouk in a semi-detached house. Oscar (50) initially stated that his home is already “just too 

efficient” to gain much additional benefit, and he saw little opportunity for NBS on his property. 

However, when informed of a subsidy available in his municipality, his view changed: 

“Yes, then I would reconsider. Yes, I noticed our front facade is in the sun all day. 

… I believe there’s a lot to be gained there.” (Oscar, 50) 

A few weeks after the interview with Oscar, it had become clear that talking about and letting him know 

what is possible with NBS, Oscar wants to implement a green wall on a complex with 17 apartments 

he is working on. The main reason is to make it visually attractive for the neighbourhood. He explicitly 

mentions that the costs are expected to be reasonable.  

Knowledge   

Homeowners frequently encounter a paucity of knowledge regarding the possibilities of NBS for their 

houses. For instance, Anna (47), who is having a green roof installed on her shed and is therefore already 

somewhat familiar with this form of NBS, still admitted she had not known it offered so many benefits. 

The same applies to Nora (55), who, during her home renovation, conducted comprehensive research 

on the utilisation of sustainable materials and expressed a keen interest in the installation of a green roof 

on her garden house. Nevertheless, she mentioned: “And then yes, actual plant-based material, we 

really need to research that more. We haven’t done that yet.” 

It was acknowledged by homeowners that there was a lack of knowledge regarding NBS, both among 

those who had previously explored NBS and those who had not. The respondents asserted that they 

lacked the requisite knowledge to provide an informed estimate for their own home, particularly 

regarding the climate impact, insulation potential and maintenance requirements. The desire to 

understand something before acting was mentioned repeatedly during the interviews. This also holds 

back Pieter: 

“I think the lack of knowledge and maintenance, and those might even be linked, 

those are the biggest obstacles for me. I certainly have no principled objections. 

Absolutely not. And if it were to cost a reasonable amount, I would be willing. But 

I have no idea what is possible or how it works.” (Pieter, 56) 
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Despite a lack of comprehensive understanding, certain homeowners have formed assumptions 

regarding the functionality of NBS and the potential consequences thereof. For instance, Dirk (62) 

asserted that these substances are harmful to bricks and will ultimately lead to their degradation. 

Consequently, he experiences difficulties in the installation of a green wall, emphasising the necessity 

for precise consideration. While homeowners generally expressed openness to such an approach, they 

identified a lack of comprehensive overview and a need for a more holistic perspective. Participants 

expressed uncertainty regarding the most effective method for accessing information. In instances 

where attempts were made to engage in consideration or to undertake superficial research, it was 

challenging to locate reliable information. Consequently. due to a perceived absence of urgency, 

homeowners frequently concluded their considerations at that stage. The same applies to Vera (60), 

who said she would not acquire new knowledge unless she happened to be engaged in something for 

where it would be relevant. 

In the context of acquiring knowledge from external sources, such as contractors or professionals in the 

building sector, both Berend (54) and Oscar (50) acknowledged the complexity of the task. Drawing 

upon their professional experience, they characterised the construction industry as being marked by a 

notable conservatism. “That entire sector is just like, ‘’I’ve always done it this way, so why would I 

change it?” (Oscar, 50). 

Maintenance 

As previously referenced in Pieter’s citation, maintenance constitutes a factor for a proportion of the 

homeowners. While not all are informed enough to evaluate it, maintenance is nevertheless perceived 

as a barrier. One commonly mentioned concern was accessibility of the roof, as many participants 

encounter difficulties in accessing their roofs. Additional maintenance-related barriers were cited, 

including the necessity of regular trimming of greenery to prevent overgrowth, the risk of blocked drains 

due to rooftop soil, and the vulnerability of exterior walls. It was only Marije (53) who did not perceive 

any limitations in this regard. It had been communicated to her by a contractor that a green roof requires 

minimal maintenance and attention. Willemijn, who has already installed a sedum roof of modest 

proportions, does not perceive this as a significant impediment. However, she acknowledges the 

necessity for maintenance: 

“W: Yes, it needs to be maintained, because you notice it. These things can’t just be 

left alone, because then they disappear or change into something else.” 

“I: So you see maintenance support as something necessary if this were to be 

pursued?” 

“W: Yes, I think that is a condition.” 
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For some respondents, maintenance is a key reason for not choosing NBS on their house. The 

respondents expressed two reasons. Either they cannot access their roofs or, they simply do not want 

the ongoing responsibility of maintaining the NBS. Furthermore, several homeowners expressed 

concerns regarding potential additional effects of NBS, such as attracting insects. 

Engagement 

The involvement of various institutions is experienced differently. Most participants feel that their local 

municipality is to some extent involved, but not fully committed, possibly because its attention is 

focused on other matters. However, it has been observed that several municipalities are engaged in 

initiatives aimed at augmenting green spaces and safeguarding the natural environment. Anna (47) 

stated that her municipality specifically participated in a project to enhance the sustainability of her 

neighbourhood through the introduction of green roofs, with a particular emphasis on her own area. She 

experienced this as a high level of engagement. It was reported by other homeowners that there is a 

paucity of information in newspapers and magazines about this subject. In several interviews, reference 

was made to the newsletter of the homeowners' association (VVE); however, it appeared that NBS was 

rarely mentioned in such publications. Similarly, other local foundations or associations likewise 

published minimal material on the topic. Many interviewees referred to a national campaign 

encouraging people to remove paving stones and replace them with plants, such as with facade gardens. 

This initiative was widely remembered, and its usefulness was recognised. This finding suggests that 

national campaigns can contribute to enhancing awareness regarding specific subjects and prompting 

more active consideration of these issues. 

Regarding municipal engagement, a small difference was noted between residents of Utrecht and those 

in Noord-Holland. Several homeowners in Utrecht mentioned that the municipality was occupied with 

water drainage, suggesting that this might result in less focus on green solutions. 

 

Property-specific factors 

The interviews revealed that homeowners experience various property-specific factors that may act as 

barriers. Seven respondents emphasised that they already have a lot of greenery either inside or around 

their homes. As a result, they do not feel that implementing an NBS would provide additional value, 

since the existing greenery already contributes to improved health, biodiversity and more related 

factors. In such instances, the rain garden was frequently regarded as a viable alternative. Of the 

respondents, five reside in detached properties and two in non-detached properties. 

During the interviews it was expressed that this greenery has the capacity to maintain a cool temperature 

in the summer. Some homeowners have trees in front of their homes that block the sun. It was further 
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noted that other homeowners do not encounter disagreeable indoor temperatures, thus do not identify 

the necessity for the cooling effects of NBS. 

Respondents also indicated that they were unsure whether they were allowed to change the appearance 

of their homes because the building is a listed monument or located in a conservation area. This was 

the case for both detached and terraced houses. In addition to possible legal restrictions, multiple 

participants stated that they would not want to make changes anyway, in order to preserve the character 

of their homes. These were all homeowners of detached houses. 

That the appearance of their home is important to homeowners was also evident from their comments 

about the street view. For example, Berend (54) said: 

“Yes, because if you live in a street with a defining appearance, with all these roof 

tiles, then it would look odd if one house in the middle had a green roof. Just 

strange.” 

Conclusion 

Various factors can serve as barriers for homeowners when it comes to implementing NBS on their 

homes. The interviews show that a lack of knowledge acts as a barrier. For many, cost is also an 

important factor, though the ability to estimate both the investment and the return is more of a concern 

that the initial costs. Maintenance is also identified as a barrier, especially by homeowners who cannot 

access their roofs. Furthermore, many homeowners do not perceive added value in implementing NBS 

on their specific property, either because there is already sufficient greenery or because they wish to 

preserve the character of their home. 

 

4.4 Enablers 

This paragraph presents the enablers as experienced by the homeowners. It discusses aesthetics, 

perceived benefits, and how a neighbourhood initiative could contribute to the decision to implement 

NBS. These results aim to answer the sub-question: What are the perceived barriers and enablers to 

integrate NBS into buildings? 

Aesthetic factors 

Opinions about the aesthetic aspect of NBS are unanimous among the participants. They state that they 

find buildings with green facades very attractive and, in some cases, even impressive. For example, 

Anouk had never previously considered that it was part of a sustainability strategy; she had assumed it 

was purely a design choice. In several interviews, examples of large-scale projects in which NBS had 

been implemented were cited. These made a lasting impression and were described as beautiful and 
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impressive. However, it was noted by some respondents that aesthetics alone would not constitute 

sufficient motivation for them to install NBS, because they would not be able to see it themselves. 

“We have a flat roof here, so whatever I put on the roof can certainly make a nice 

contribution to the environment and to the climate in the long run. Even if it's just 

a small step in that. But personally, I don’t benefit from it.” (Pieter, 56) 

Perceived benefits 

The benefits of NBS have been found to be a positive experience by several respondents. It is evident 

that the rationale behind NBS's numerous benefits is comprehensible to them, and the added value it 

provides, in comparison to conventional solutions, is recognised. Furthermore, several respondents 

indicated that, because of the interview, they became aware of benefits of which they had not previously 

been aware. Nevertheless, there is a degree of scepticism surrounding the question of whether the 

implementation of NBS on their house has a significant impact. These reflections are frequently 

associated with their personal experiences of living in the region. Oscar has previously asserted that the 

importance of comfort and pleasure in living is often underestimated. He further elaborated that the 

implementation of cooling measures could prove effective in this regard and is therefore open to 

investigating the potential implications of a green facade. 

A significant proportion of respondents expressed a lower valuation of the benefits for the surrounding 

area in comparison to the personal benefits. On multiple occasions, the benefits were acknowledged 

and understood, but then, it was subsequently asserted that they imagined NBS to be more suitable 

elsewhere. For instance, in a dense, hot city with little greenery. They had the feeling that it would be 

more appropriate to apply NBS there, rather than to their own homes. However, Marije lives in a densely 

populated area but shares this perception. She expressed that she has a garden and enough greenery 

around her house. Anouk and Willemijn thought differently. They reflected on the added value for the 

city. Anouk herself does not experience discomfort from high temperatures in her house but asserts that 

if the city is affected by this issue, she expects that everyone should contribute at some time. Willemijn 

said the following: 

“I think that’s a really nice solution, and I actually think it would also make a big 

difference in terms of sound. Yes, for example, if all the roofs here were covered 

with greenery, then yes, it would be much quieter in the city. … Yes, I completely 

support that. Yes, I definitely think it has all kinds of advantages in many different 

areas.” (Willemijn, 55) 
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Property-specific factors 

In addition to being barriers, property-specific factors can also function as enablers. Several respondents 

indicated that their homes get very warm and that cooling measures would therefore be welcome. A 

sunshade can also help against heat, but Nora (55) mentioned that a green solution is much more 

attractive while offering the same effect. 

Several respondents said that NBS do not fit with the street view or that they do not match the character 

of the home. A collective neighbourhood approach could make a difference in such cases. Pieter agreed, 

explaining that in his experience, he found the threshold to be lower when something was approached 

collectively. Anna was involved in such a joint neighbourhood project. She stated that this was very 

beneficial for her in implementing NBS. She added that otherwise she would not have known about it 

and that it made the process much easier. 

Conclusion 

Homeowners experience various positive factors that could stimulate the implementation of NBS. They 

find NBS aesthetically pleasing and see the benefits for themselves and potentially for the wider 

environment. For some, a collective initiative within the neighbourhood has lowered the barrier and 

served as a motivating factor. 

 

4.5 Future implementation 

This final section discusses the future implementation of NBS. It explores how homeowners perceive 

the concept of NBS, their willingness to participate, and what they consider necessary for successful 

implementation. This paragraph demonstrates the results to answer the sub-question: What are the 

perceptions of building owners towards future implementation processes? 

NBS concept 

The respondents' understanding of NBS remains ambiguous. It was reported by several respondents that 

they had previously encountered or read about NBS, though the clarity of this material was perceived 

to be lacking. For these individuals, NBS is not perceived as a distinct and readily identifiable solution. 

Rather, it is perceived as an additional element to other sustainable solutions. Berend emphasised that 

the use of an English term in this context is not helpful for clarity. Widespread awareness was felt 

missing. Respondents mentioned absence of publicity about NBS on housing. Floris stated that a 

government campaign would be effective in promoting understanding of the NBS concept, a role that 

could be fulfilled by provincial or municipal authorities. He noted that at present, he experiences no 

communication about it at all. 
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Participation willingness 

Paragraph 4.4 demonstrates that a neighbourhood initiative had the capacity to make a change for 

homeowners when implementing housing related issues, such as a green roof. For future 

implementation, several respondents expressed the effect of a collective approach on their decision. 

They mentioned how a neighbourhood initiative would enhance the chance of implementing NBS. 

Valerie mentioned that a neighbourhood initiative would be motivating for her, particularly because it 

strengthens the sense of community. Anouk’s perspective aligns with this: 

 

“A: Yes, then I wouldn’t want to be left behind or anything like that. As you can tell, 

I’m not the frontrunner in this area. 

I: And you wouldn’t want to be left behind because you think: oh, they’re doing a 

good job or because you don’t want to stand out? 

A: Yes, very nice, they’re doing a good job. I would also be enthusiastic about the 

idea of a collective effort. Yes, yes.” (Anouk, 57) 

All respondents said they would be open to tackling this collectively. Some also expressed this, because 

of estimated reduced costs of inspections and installation. However, not every participant perceived it 

useful for their specific house. Floris and Jeroen both mentioned that it would be difficult to apply such 

an initiative in their neighbourhoods, because the houses in their streets vary greatly in design. Both 

live in detached homes. 

Implementation needs 

For the future implementation of NBS, many homeowners stated that broadening their knowledge is 

essential. They prefer to make decisions based on a clear assessment of the advantages and 

disadvantages. Awareness was identified as a necessary condition, leading to more general familiarity 

with the concept. This knowledge distribution could be achieved through better communication via 

(national) campaigns, but also through more easily accessible resources for independent research. It 

was noted that personal advice was absent. Many respondents expressed a desire for access to this. The 

necessity for customised advice or a portal where such advice can be located is emphasised. Berend 

referred to a website of Milieu Centraal, on which users can enter their address to investigate the 

sustainable energy solutions applicable to them. The availability of such a feature within NBS for 

housing would be highly advantageous in his opinion. Others adopt a similar standpoint, as evidenced 

by the perspective of Floris: 
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“Well, yes, Google is your best friend, you can find quite a lot there. But if there 

really were a site or a platform where you could find more information and also ask 

questions to someone who could think along with you, that would definitely help.” 

(Floris, 56) 

Anna also said that specific outreach had been the deciding factor for her. She thinks this would be 

enabling for many others: 

“So not so much a general announcement saying: we now have this scheme, go 

ahead and sign up. But more like, we’re now starting with this neighbourhood, and 

then receiving information about that.” (Anna, 47) 

Jeroen (61) mentioned that the government could simply promote and potentially mandate NBS, similar 

to the mandatory installation of bird houses for example. For Anouk (57), “gentle pressure” would also 

be the most effective approach. 

Conclusion 

This section shows that the participants' estimated requirements for applying NBS in the future are fairly 

aligned. Clearly, there is a great need for a centralised source of comprehensive information on 

implementing NBS in their house. Ideally, this information should also be personalised and tailored to 

the homeowner’s situation. Others indicate that government incentives would be the most effective 

stimulus for them. 
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5. Conclusion 

The objective of this study is to provide an answer to the central question: “What are the perceptions 

of property-owners towards the implementation of nature-based solutions to their buildings?” 

Qualitative analysis is employed to examine the various aspects that could influence the experiences of 

homeowners. Firstly, it was studied what the possibilities are of NBS for homeowners. After that, the 

barriers and enablers for homeowners, when implementing NBS, were explored. Finally, it was 

examined what needs to be done for homeowners to increase the implementation of NBS in housing. 

In the following paragraphs, the key elements of these sub-questions will be addressed to formulate an 

answer to the main research question at the end of this chapter. The findings in this chapter will be 

positioned within the existing academic literature in the following chapter, the discussion.  

The perceived possibilities for implementing NBS on houses are generally low. Although many 

homeowners believe their homes are unsuitable, only a few have explored this. Most attention has been 

given to green roofs. Green facades are familiar, but their application in housing is not widely 

recognised. Rain gardens are also largely unknown. In addition, lack of urgency and low estimated 

added value is expressed by homeowners, mainly when already living in green areas. Furthermore, 

because most of the time energy consumption is not considered a major concern, energy-related benefits 

of NBS are not seen as particularly valuable. Nearly all participants view NBS as complementary to 

conventional solutions. The most frequently mentioned barrier is a lack of knowledge, which makes it 

difficult for homeowners to assess costs and benefits. Costs are indeed important, but it is primarily the 

uncertainty about returns on investment that hinders decision-making. Maintenance is also a concern, 

especially in terms of roof access and exterior deterioration. Additionally, homeowners experience low 

local engagement. Aesthetic concerns are also raised, with some stating that NBS would not suit the 

character of their home or fit in the streetscape. Even when homeowners acknowledge potential 

benefits, they sometimes express a NIMBY attitude. 

Despite these barriers, enabling factors are also identified. Homeowners generally find NBS 

aesthetically pleasing and recognise their potential environmental benefits. However, many also express 

that they do not personally benefit from aesthetic benefits, which reduces their motivation for NBS 

implementation. Other advantages are acknowledged but rarely viewed as sufficient justification for 

individual adoption. In contrast, previous positive experiences with neighbourhood initiatives are 

remembered favourably, and homeowners indicate that this can contribute to implementation in the 

future. In terms of future enablers, there is a clear demand for centralised, accessible information that 

is tailored to the specific context of individual households. Some participants also indicate that financial 

incentives would be the most effective means of encouraging action. Noteworthy is a participant who, 

because of the interview, implemented a green wall in a housing project. This suggests that even brief 
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exposure to relevant knowledge can inspire practical engagement, underscoring the importance of 

effective communication and knowledge exchange in facilitating NBS implementation. 

The results do not reveal clear distinctions based on the province in which homeowners live. A small 

distinction is observed regarding the housing type. The character of the house often played a role in de 

decision to implement NBS, for example in the case of neighbourhood initiatives. Constraints were 

expressed due to different design of the detached houses. In addition, homeowners of detached homes 

expressed lower urgency for implementing NBS, due to high number of plants and trees in their garden 

and surroundings. However, these two arguments were also expressed by some homeowners of non- or 

semi-detached homes. Therefore, no firm conclusions can be drawn regarding contextual differences. 

In conclusion, the perceptions of homeowners towards the implementation of NBS reflect both 

hesitation and potential. Hesitation arises from uncertainty about costs, maintenance, and the lack of 

clear information regarding NBS and their benefits. Moreover, NBS are rarely perceived as necessary 

within the personal context of homeowners, leading them to question why they should implement such 

measures themselves, rather than in locations where they may be more urgently needed. However, 

homeowners also express openness to NBS, as the benefits are widely acknowledged, and many are 

motivated to contribute to addressing climate change. Yet, many homeowners lack access to reliable, 

practical information to take concrete actions. 
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6. Discussion 

This chapter firstly presents the results of the study compared to the theories discussed in the theoretical 

chapter. After that, societal and academic contributions of this study are presented. Then, limitations of 

this study are discussed. Lastly, suggestions for future research will be stated, followed by 

recommendations for policy and practice.  

6.1 Interpretation of results 

Perceived possibilities 

The perceived possibilities for implementing NBS among the interviewed homeowners are generally 

low. This finding is particularly striking since most participants express strong concerns about climate 

change. This contrasts with the findings of Giannakis et al. (2016) and Derkzen et al. (2017), who argue 

that concern for climate change is positively associated with a higher perceived potential for NBS. One 

possible explanation for this discrepancy is that participants in this study have already adopted other 

sustainability measures such as solar panels, insulation, or rain barrels, which they see as more practical 

or familiar responses to their concerns. This suggests that concern alone is not sufficient to increase 

perceived NBS feasibility, particularly when more traditional sustainable technologies are already in 

place. 

At the same time, the findings support the work of Mell et al. (2023) and Kabisch et al. (2016), who 

stress the importance of visible, large-scale NBS projects in shaping local perceptions. Residents in this 

study frequently refer to NBS examples they have seen elsewhere, such as in different neighbourhoods 

or even other countries, while few can identify relevant interventions in their own surroundings. This 

perceived distance to NBS projects may hinder homeowners’ ability to imagine NBS as viable for their 

own homes. 

Contrary to the findings of Ferreira et al. (2021), no clear distinctions emerge between participants from 

different provinces or levels of urban density. While some homeowners live in more suburban areas, all 

are based in relatively built-up settings, which may explain the absence of such variation. Instead, 

contextual differences are more pronounced at the architectural level. The style and visibility of homes, 

particularly the desire to maintain the streetscape or comply with heritage regulations, are often cited 

as reasons against adopting NBS. This aligns with Dorst et al. (2022), who stress the importance of 

context-specificity in NBS planning and implementation. 

A particularly interesting contrast with the literature concerns the role of proximity to green space. 

Previous studies (Fisher et al., 2021; Giannico et al., 2021; Hoyle et al., 2019) suggest that residents 

living close to greenery tend to be more supportive of NBS. However, participants in this study 

frequently report the opposite. Those who have access to large gardens or nearby parks feel less urgency 
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to implement NBS themselves. Conversely, participants who live in more paved or less vegetated 

neighbourhoods express stronger interest in local greening efforts. This suggests that proximity to green 

space may reduce perceived necessity rather than enhance perceived feasibility, adding a layer of 

nuance to the current literature 

Finally, participants’ views on NBS as complementary rather than standalone solutions align closely 

with existing research on hybrid infrastructures. Most homeowners acknowledge the ecological and 

aesthetic value of NBS but still prioritise more familiar technical systems for insulation or energy 

efficiency. These findings support the arguments made by Masi et al. (2020) and Niemelä et al. (2020), 

who advocate for hybrid models that integrate grey and green infrastructure to maximise 

multifunctionality and acceptability. 

 

Barriers 

In literature, financial barriers are widely recognized as a major barrier. This partly aligns with the 

findings of the study. Homeowners indeed express the need for (short-term) financial return on the 

investment of NBS, undervaluing the long-term co-benefits of NBS compared to conventional grey 

infrastructure (Den Heijer & Coppens, 2023; Toxopeus & Polzin, 2021). However, it is found that costs 

for installation and maintenance are not perceived as a great barrier, although Liberalesso et al. (2020) 

state that. The interviewed homeowners recognize the benefits and are willing to pay for that. This could 

be attributed to the financial resources of the participants that allow extra expenses next to standard 

living costs. Also, the homeowners do not mention the lack of funding programmes or schemes (Zarei 

& Shahab, 2025; Liberalesso et al., 2020). This however could be explained by the fact that the 

homeowners often do not think about applying NBS, and thus did not do much research about such 

financial schemes. For the cases where a homeowner already did investigate the implementation of a 

green roof, most of the time this did not happen because it was not possible. Corresponding with 

Dijkshoorn-Dekker et al. (2020) and Kabisch et al. (2016), one homeowner mentioned explicitly that 

the uncertainty about payback periods is a barrier for her. In addition, another homeowner mentioned 

that while renovating her roof, she chose solar panels instead of NBS because of the quick financial 

returns on the investment, which agrees with the statements of Liberalesso et al. (2020) and Toxopeus 

& Polzin (2021). So, although economic factors do play a role, they turn out to not be the main barrier 

for homeowners. However, it is important to note that these conclusions are made based upon 14 

participants, all with the financial resources to consider expenses like this, making it hard to generalise 

these financial findings.  

In agreement with literature, inaccessibility to knowledge is found to be a great barrier to the uptake of 

NBS by homeowners (Brink et al., 2016; Frantzeskaki et al., 2019; Raymond et al., 2017). It is often 



64 
 

uncertain how NBS could fit, what it would mean for a house or its surroundings and what technical or 

maintenance demands would occur, corresponding with arguments of Castelo et al. (2023). Moreover, 

main agreements are found with the arguments of Sarabi et al. (2020) and Zarei & Shahab (2025) that 

argue the lack of standardized technical guidelines, allowing homeowners to do research on the most 

suitable NBS options in their context. This lack of knowledge, and the uncertainty about where to find 

more information, are the most expressed barriers by homeowners. The lack of knowledge also results 

in assumptions about NBS for buildings, aligning with Van der Jagt et al. (2020) who state that limited 

insights and lack of empirical evidence creates scepticism. The lack of knowledge exchange mentioned 

as problematic for the understanding of NBS (Dorst et al., 2022) is also identified by the homeowners. 

When attempts were made to undertake superficial research, it was challenging to locate reliable 

information. This is problematic, as in this stage of the process potential adopters of NBS discontinue, 

instead of getting engaged by new knowledge. A certain path-dependency is also recognized by 

homeowners, mostly mentioned about the construction sector, which align with the argument of Davies 

& Lafortezza (2019), who mention institutional path-dependency as a limit for mainstreaming NBS.  

Maintenance is perceived as a barrier by the homeowners, primarily due to concerns regarding 

accessibility and the necessity of taking care of the plants to avert damage to the residence. This 

corresponds with maintenance barriers defined in literature (Brudermann & Sangakool, 2017; 

Dijkshoorn-Dekker et al., 2020; Castellar et al., 2024; Knapik et al., 2024). The NIMBY principle that 

Dorst et al. (2022) identified, is also found among homeowners. Among several homeowners, it was 

argued that the uptake would work better if it was done somewhere else, instead of their house. It is 

possible that this is behaviour of Dutch people mostly, as this was identified by Dorst et al. (2022) for 

the Netherlands in particular. However, there are also homeowners that contradict with the NIMBY 

principle, as they would really like having NBS at their place but just do not have the knowledge or 

possibility to implement it. Barriers of additional maintenance costs, as described by Berto et al. (2020) 

and Perini & Rosasco (2016) are not mentioned. 

Although low engagement by local authorities or communities is identified, this cannot be identified as 

a great barrier for homeowners. It is demonstrated that no information on NBS is spread to homeowners 

from the municipality in which they live or through national magazines and campaigns. However, this 

is not considered as a barrier. Nevertheless, correspondence is found with arguments in literature about 

the need for citizen participation (Mensah et al., 2017; Dorst et al., 2022). This is demonstrated by one 

participant who is involved in a NBS project for her neighbourhood, initiated by the municipality she 

lives in.  

An interesting finding is the role of property-specific factors. It was mentioned several times that the 

character of the house was a great barrier for homeowners to implement NBS. Whether this was a 

monumental property, and thus no changes are allowed from the municipality, or not, this was perceived 
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as a barrier for the homeowners. This was not found in literature beforehand and represents an 

unexpected outcome. This can be explained by the fact that not much literature was with residential 

buildings, or homeowners specifically, but mostly about buildings in general or the perception of 

institutional stakeholders.  

 

Enablers 

The findings of this study indicate that several enabling factors influence homeowners’ willingness to 

implement NBS. For instance, the importance of aesthetic appreciation as a motivator is strongly 

confirmed. Nearly all participants find green facades attractive and mention that they are impressed by 

large-scale NBS implementations. This supports earlier findings by Frantzeskaki (2019) and Zhang & 

He (2021), who argue that aesthetic appeal is crucial in overcoming psychological distance from 

unfamiliar interventions. However, the interviews also reveal a nuance: aesthetics alone are often 

insufficient, particularly when homeowners cannot directly see or enjoy the solution, such as a green 

roof on a flat structure. This suggests that visual value must be paired with personal relevance or 

visibility to act as a true enabler. 

A second group of enablers relates to the perceived benefits of NBS, especially in comparison to 

conventional technologies. While participants acknowledge the environmental potential of NBS, these 

benefits are often seen as more relevant elsewhere. This indicates a contextual gap between the general 

recognition of benefits and the personal motivation to act. Still, some participants expressed growing 

awareness and curiosity during the interview, highlighting the role of exposure and knowledge 

generation. This observation is consistent with Dijkshoorn-Dekker et al. (2020) and Sarabi et al. (2019), 

who underline that tailored information and shared learning experiences can significantly increase 

perceived feasibility. The fact that one participant implemented a green wall after the interview offers 

compelling anecdotal support for the potential impact of such knowledge-based enablers. 

Moreover, the role of collective or neighbourhood-based initiatives emerges as a practical and 

psychological enabler. Several homeowners indicate that participating in previous local projects had 

lowered the threshold to action and helped clarify procedures. This observation aligns with the insights 

of Bissonnette et al. (2018), who emphasise the value of public participation and collaborative 

processes. Similarly, van Ham & Klimmek (2017) argue that local embedding fosters ownership and 

relevance. The interviews in this study reinforce this view, as collective initiatives help homeowners 

overcome individual doubts or a lack of initiative. 

Interestingly, although financial enablers are significantly acknowledged in the literature (López-

Maciel et al., 2023; Toxopeus & Polzin, 2021), economic incentives are not spontaneously mentioned 
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by most participants. This could indicate either a low awareness of available schemes or a stronger 

focus on non-financial motivations, such as aesthetics or climate concern. It may also suggest that for 

certain homeowners, financial instruments are necessary but not sufficient: they require combination 

with emotional or social incentives to be effective. 

  

Future implementation 

An important theme in the needs of homeowners for future implementation is the limited clarity 

surrounding the NBS concept itself. Many respondents are unfamiliar with the term or associate it 

vaguely with greenery rather than with a structured sustainability strategy. This aligns closely with the 

concerns raised by Sowińska-Świerkosz and García (2022), who argue that the conceptual vagueness 

of NBS creates confusion among stakeholders, particularly in residential contexts. Respondents’ 

remarks about the absence of clear communication and visibility in public campaigns further confirm 

the emphasis on the need for operational definitions and targeted communication to enable action 

(Nesshöver et al., 2017). 

Another critical enabling condition identified in both the literature and in this study is the importance 

of localised, community-based participation. Many interviewees indicate that collective neighbourhood 

initiatives would increase their willingness to implement NBS, especially because such efforts reduce 

the burden of individual decision-making and enhance social motivation. These findings are consistent 

with Puskás et al. (2021), Dushkova & Haase (2020), and Mahmoud et al. (2021), who argue that 

embedding participation within urban planning processes can increase social cohesion and ownership. 

Social cohesion is mentioned by some homeowners, expressing that belonging to a collective process, 

rather than acting alone, is a decisive factor. At the same time, some respondents also pointed out that 

architectural diversity in their neighbourhoods would make coordinated action more difficult, a 

contextual constraint that is not explicitly mentioned in existing literature but aligns partly with the 

arguments of Rauf et al. (2024) and Snep et al. (2023). They argue that uncertainties arise when 

neighbourhood initiatives take place.  

The strongest recurring need across all interviews is for accessible, personalised knowledge and 

guidance. Respondents express a desire for centralised platforms where they could obtain practical 

advice, examples, and tailored information. This is strongly supported by the studies of López-Maciel 

et al. (2023) and Adu Boateng et al. (2023), who emphasise that making NBS implementation 

understandable and relatable at the residential level significantly improves uptake. In addition, 

homeowners are not only looking for information, but also for a way to apply it in their specific context, 

including the possibility to ask questions, compare alternatives, and receive localised suggestions. This 
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aligns with findings of López-Maciel et al. (2023), who state that making NBS easier to try out and 

adapt to personal needs can increase adoption. 

 

6.2 Academic and societal relevance  

This study addresses a clear gap in the literature on NBS on buildings, by focusing on private 

homeowners and the perceived feasibility of implementing NBS on residential buildings. While much 

research has explored NBS in public urban spaces such as parks or green infrastructure corridors, the 

building scale, and especially the role of individual homeowners, remains underexamined. The findings 

reveal that filling this gap is important, as homeowners face several barriers that affect their willingness 

to adopt NBS. 

Although researchers like Ferreira et al. (2021) and Dorst et al. (2022) have stressed the need to include 

actor perspectives, most empirical studies have centred on institutions or policy-level actors rather than 

homeowners. This study contributes by offering detailed insights into how homeowners weigh 

aesthetic, financial, and environmental considerations in deciding whether to implement NBS on their 

own property.  

Additionally, while taxonomies such as those by Almassy et al. (2018) and Xiao et al. (2023) describe 

various NBS types for buildings, they do not capture how these options are interpreted or prioritised by 

end-users. By connecting lived experience to existing conceptual frameworks, this study contributes 

empirical depth and supports the development of more user-centred NBS strategies. 

The results of this study also underscore the societal importance of gaining insights on the perceptions 

of homeowners on the implementation of NBS on residential buildings. While policy attention to urban 

greening is growing, the findings reveal that NBS on private buildings remain underutilised, in part 

because homeowners lack clear guidance, support, and incentives. This is problematic given the 

substantial public benefits that NBS on buildings can generate. As previous studies have shown, green 

roofs and facades contribute not only to climate adaptation goals such as urban heat mitigation and 

water retention, but also to improved mental well-being and local biodiversity (Almassy et al., 2018; 

Fisher et al., 2021; Hoyle et al. 2019; Kandel & Frantzeskaki, 2024; Xing et al., 2017). However, if 

homeowners are not supported in understanding and implementing these NBS, their societal potential 

remains largely unused.  

By clarifying which obstacles homeowners face, such as informational gaps and maintenance concerns, 

this study provides actionable insights for policymakers. It also points to missed opportunities in current 

urban sustainability strategies which overlook privately owned buildings. As Dutch cities continue to 

respond to climate change, integrating homeowners’ perspectives into green building policy will be 
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essential for building inclusive, effective, and widely supported adaptation measures (Mensah et al., 

2017). 

 

6.3 Limitations 

It is important to note that this study has several limitations. First, the response group of this study is 

quite homogeneous in terms of age. The participants are all between the ages of 47 and 62, with most 

of them being around 56. Although it was not initiated to have a response group of a specific age, the 

sampling method probably caused this. This can be explained with the fact that the snowball method is 

used. This methodology is already recognized as a method that can create an early-formed response 

group (Polit & Beck, 2010). Therefore, the results might not be recognizable for homeowners of other 

age categories. A different sampling method could have created a more varied response group. For 

example, direct sampling with a door-to-door method could have resulted in a more age-diverse group. 

Nevertheless, this study presents valuable insights on homeowners, through the different experiences 

and opinions they have with/of NBS. 

Next to that, it can be noted that a limited number of interviews was done. Although after the 14 

interviews the point of saturation was reached, the number remains limited. Consequently, it is less 

possible to generalise the results. Although this was not the main goal of this study, this could be useful 

to identify the perception of all sorts of homeowners, making the outcomes more adaptable for 

individuals, such as policy makers or contractors, that focus on the uptake of NBS among homeowners. 

However, the number of interviews still presents a good representation of homeowners, as they live in 

several types of homes. Also, during the interviews, the subject sometimes turned to what the 

interviewees thought of policies, instead of their own situation. This sometimes resulted in less useful 

insights, as perceptions of the homeowner about their personal situation were sought, not their 

perceptions on how it should be done on a local/national scale. Because of the psychological distance, 

mainly with the age of the researcher, it was sometimes hard to change this approach of the interviewee. 

However, these approaches sometimes substantiate the perspectives on certain topics, from which 

strong interpretations could be drawn. Moreover, sufficient data were gathered from these interviews. 

Lastly, there could have been more focus on the contextual differences between the homeowners. As 

the interviews were conducted, it was already found that there were no big differences in the contextual 

differences for this response group, mainly for the case of the province factors. This can be explained 

by the fact that the main differences between Noord-Holland and Utrecht would be the landscape of the 

rural areas of the province (a lot of polders in Noord-Holland and more of a hill landscape in Utrecht), 

but none of the participants lived in these rural areas. The places they live in, are quite comparable. 

Nevertheless, the fact that they live in comparable places, but in different provinces and municipalities 
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also provides interesting insights. It shows that perceptions of homeowners towards NBS are not 

strongly different among varying urban areas in the Netherlands, which could be of advantage when 

applying national policies. 

 

6.4 Recommendations for future research 

One of the most prominent barriers identified in this study was the lack of accessible, reliable, and 

context-specific information on NBS for individual homeowners. Participants expressed a strong need 

for a centralised platform that offers tailored guidance based on their housing type, location, and 

personal preferences. This informational gap hinders decision-making, as many homeowners are unable 

to assess the technical, financial, or aesthetic suitability of NBS in their own context. Future research 

should therefore focus on identifying effective strategies for designing, disseminating, and maintaining 

such informational tools. Studies could evaluate the usability and impact of a digital platform that aims 

to provide personalised NBS recommendations. Such findings could help with the development of 

practical instruments that lower the knowledge barriers of homeowners in NBS adoption processes. 

Another recommendation follows from a surprising result in this study: the importance of characteristics 

of the building. Several homeowners noted that the visual character, architectural style, or monumental 

status of their home discouraged them from considering NBS. These perceptions suggest that 

architectural compatibility plays a significant role in homeowners’ decision-making processes, 

particularly in neighbourhoods where uniformity, historical value, or building codes restrict 

modifications. Future research could therefore investigate in more depth how built form constraints, 

facade design norms, or municipal heritage policies influence the perceived feasibility and aesthetic 

desirability of NBS. Comparative studies across different housing typologies may help clarify which 

physical or regulatory conditions pose the greatest barriers, and under which circumstances NBS 

integration is more readily accepted. 

 

6.5 Recommendations for policy and practice 

Resulting from this study, some advice can be drawn for governmental institutions that aim for 

improved adoption of NBS on residential buildings. Together, these recommendations provide an 

actionable framework to support the wider implementation of NBS in the residential domain. 

First, national governments and municipalities should invest in targeted communication strategies that 

clarify what NBS are and how they can be applied in residential contexts. Current awareness among 

homeowners appears to be limited, and communication materials should therefore avoid technical 

jargon and instead focus on clear concepts and concrete examples.  
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Second, the findings show that collective approaches at the neighbourhood level hold strong potential 

for overcoming hesitation among homeowners. Local authorities and housing associations can play a 

facilitating role by initiating and funding pilot projects within neighbourhoods, coordinating group-

based installation services, and providing shared maintenance support. Such initiatives do not only 

lower individual financial thresholds but also foster a sense of community and shared responsibility.  

Third, although financial incentives were not the most decisive factor for all participants, they were 

mentioned as an important enabler. Governments are therefore encouraged to introduce or expand 

subsidy schemes that support small-scale green infrastructures on private homes. These could include 

direct grants for green roofs, facade greening, or rainwater gardens. Importantly, financial incentives 

should be offered alongside outreach campaigns or advisory services, as the combination of financial 

and informational support is more likely to result in action.  
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Appendix 2: Operationalisation 

 

 

Belongs to sub 

question: 

Interview-question: Reference Overlapping 

themes for codes 

Possibilities of NBS 1. How do you 

personally relate to 

issues of climate 

change? 

2. Are you worried 

about climate change 

effects? 

a. Property? Health? 

People?  

3. Do you already have 

(sustainable) systems 

applied regarding 

energy efficiency? 

Giannakis et al., 

2016; Derkzen et al., 

2017; Frantzeskaki, 

2019 

Climate views 

Possibilities of NBS  9. Can you give any 

examples of NBS on houses 

in your neighbourhood? 

a. How do you perceive 

those? 

b. Do they inspire you? 

Mell et al., 2023; 

Kabisch et al., 2016; 

Giannico et al., 

2021; Dorst et al., 

2022; Faivre et al., 

2017 

NBS exposure 

Possibilities of NBS 8.What is your perception of 

NBS as an effective solution 

to renovate your house 

compared to technology 

driven solutions?  

 

a. What do you think about 

the benefits? 

Combary & 

Atchrimi, 2024; Den 

Heijer & Coppens, 

2023; Toxopeus & 

Polzin, 2021 

NBS compared 

Possibilities of NBS  6.Have you ever explored 

NBS? And what type of NBS 

was this? 

a. Did this inspire 

you/change 

perceptions? 

Cardenas, 2021; 

Faivre et al., 2017 

NBS understanding 

Barriers and 

enablers 

13. Do you feel like you 

would benefit economically 

from NBS?  

a. Have you ever looked 

into subsidies or 

financial support for 

Dijkshoorn-Dekker 

et al., 2020; 

Toxopeus & Polzin, 

2021; Kabisch et al., 

2016; Lopéz-

Maciel, 2023 

Financial  
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making your home 

greener? What did 

you find? 

b. Would financial 

support, like 

subsidies, increase 

your willingness to 

implement NBS? 

 

 

Barriers and 

enablers 

10. Do you think your house 

could have NBS on them? 

a. What do you think is 

possible or feasible in 

terms of 

implementing NBS 

on your own property 

or around your home? 

b. How confident do 

you feel in your 

understanding of 

NBS to make that 

kind of decision? 

 

Sarabi et al., 2020; 

Brudermann & 

Sangkakool (2017); 

Raymond et al., 

2017  

Knowledge 

Maintenance  

Barriers and 

enablers 

4.Where do you think of if 

you think about sustainable 

solutions for your house?  

5. What is your familiarity 

with NBS as renovation for 

houses, buildings? 

Davies & 

Lafortezza, 2019 

Knowledge, Path 

dependency 

Barriers and 

enablers 

14. Do you perceive a form of 

engagement towards NBS by 

others, for example local 

authorities?  

Dorst et al., 2022; 

Van Ham and 

Klimmek, 2017; 

Mensah et al., 2017; 

Raymond et al., 

2017 

Engagement 

Barriers and 

enablers  

11. What are your thoughts 

on the effects of NBS? How 

do you feel about the 

benefits? 

          a.  And how do you feel 

about the benefits compared 

to more technical solutions? 

Van der Jagt et al., 

2020; 

Dorst et al., 2022 

 

Benefits perceived  
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Future 

implementation 

process 

7. How would you 

describe your 

understanding of 

NBS?  

a. Do you feel the concept 

is clearly communicated 

in the materials or 

discussions you've 

encountered?  

b. Does NBS feel like a 

distinct approach, or just 

one of many terms used 

in sustainable 

infrastructure?   

        c. In your experience, is 

there a consistent definition 

or understanding of NBS 

across different sources? 

 

Nesshöver et al., 

2017; Sowińska-

Świerkosz & García 

, 2022; Castelo et 

al., 2023 

NBS concept 

Future 

implementation 

process 

15. How do you perceive 

neighbourhood projects 

related to NBS?  

a. Would this make a 

difference in your choices 

about NBS on your property? 

Mell et al., 2023; 

Dushkova & Haase, 

2020; Battisti et al., 

2024; Mahmoud et 

al., 2021 

Participation 

willingness  

Neighbourhood 

initiatives 

 

PFuture 

implementation 

process 

12. How are these effects 

and benefits of NBS 

on houses/gardens 

communicated to 

you? 

a. By whom? 

Local 

community? 

Municipality? 

 

Cárdenas et al., 

2021; Faivre et al., 

2017; Castelo et al., 

2023 

NBS Concept 

Future 

implementation 

process 

18. What do you think 

authorities/stakeholders could 

do to enhance 

implementation?  

- Structural guidelines?  

Xiao et al., 2023; 

Castelo et al., 2023 

Implementation 

needs 

- Policy 

perceptions 

Future 

implementation 

process 

16. What kind of support 

do you think you 

need if you want to 

renovate your house 

with NBS? 

Toxopeus, 2023; 

Lopéz-Maciel et al., 

2023; Adu Boateng 

et al., 2023 

Financial 

willingness 
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A. Financial, 

technical, 

construction, 

government, 

knowledge 

gaining?  

 

Future 

implementation 

process 

17. What would be most 

helpful for you to implement 

and maintain NBS on your 

house?  

López-Maciel et al., 

2023;  Adu Boateng 

et al., 2023 

Implementation 

needs 
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Appendix 3: Topic list and interview 

3.1 Topic list 

Subject Topic 

Introduction • Introducing topic 

• Permission audio recording 

Background characteristics • Age 

• Gender 

• Education  

• Energy label 

• Household 

• Housing type 

Climate change • General view 

• Concerns 

Current energy systems • Currently applied systems 

• Sustainable solutions 

• Familiarity NBS as renovation 

Explain what NBS are with factsheet  

Understanding of NBS • Explored 

• Concept communicated 

• Distinct approach 

• Consistent definition 

Comparison NBS to traditional systems  

Perceiving benefits  • Perception NBS vs traditional 

Exposure NBS • Neighbourhood 

• Inspiring 

Perceived possibilities • Own property 

• How confident to make that choice 

Explain benefits NBS  

Perceived benefits • Imagine the benefits  

• Compared to traditional systems 

• Benefits communicated 

Financial • Financial benefits 

• Subsidies 

Engagement • Neighbourhood project 

• Local authorities/communities 

Future • Support needed 

• Most helpful 

• Policy  
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3.2 Interview questions order 

Beforehand, an introduction was given to the interviewee. Firstly, they were thanked for participating 

in the interview. Then an explanation was given about the topic, and why this topic was chosen. The 

definition of NBS from the European Commission was given, with elaborating that this is however NBS 

in general, and this thesis is focussing on buildings. Then the research question and goals were 

explained. It was told what would happen with the information they share and that the results will be 

anonymised. They were told they could take a break, or stop, anytime if they wanted to. Also, skipping 

a question was possible. At last, approval for a recording was asked and the interview started. 

Background questions  

Á What is your age? 

Á What is your gender? 

Á What is your education-level? 

Á Could you tell me the following characteristics of your house? 

o Energy label 

o Number of people living there 

o House type 

o WOZ-value 

Questions regarding the research questions 

1. How do you personally relate to issues of climate change? (Biodiversity, air quality) 

2. Are you worried about climate change effects on your home/for your health/housing 

members/neighbourhood? (Rising temperatures, risk of floods) 

a. Why/why not?  

3. Do you already have systems/renovation applied regarding energy efficiency: for example, 

solar panels, heat pump, pvc window, roof installation …(etc)? 

4. Where do you think of if you think about sustainable solutions for renovation to improve 

house? 

5. What is your familiarity with NBS as renovation for houses, buildings? 

Explain what NBS are, show overview below (own design) 
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6. Have you ever explored NBS on buildings? And what type of NBS was this? 

a. Did this inspire you/change perceptions? 

7.  How would you describe your understanding of NBS?  

a. Do you feel the concept is clearly communicated in the materials or discussions 

you've encountered?  

b. Does NBS feel like a distinct approach, or just one of many terms used in sustainable 

infrastructure?   

c. In your experience, is there a consistent definition or understanding of NBS across 

different sources? 

Comparison NBS to traditional renovation systems 

Property Green Roof High-Performance Insulation (e.g., 

Polyurethane Foam) 

R-value ~0.1–0.2 m²·K/W ~5–6 m²·K/W 

Insulation 

Capacity 

Low to moderate Very high 

Insulation 

Mechanism 

Thermal mass + evaporative 

cooling 

Direct thermal resistance (conductive 

insulation) 

Summer 

Performance 

Good for reducing heat gain 

(cooling effect) 

Constant, less focused on active cooling 
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Winter 

Performance 

Less effective at preventing heat 

loss 

Very effective at preventing heat loss 

Additional 

Benefits 

Biodiversity, stormwater 

retention, air purification 

Mainly thermal insulation only 

Maintenance Requires maintenance (plant care) No maintenance needed 

 

8. What is your perception of NBS as an effective solution to renovate your house compared to 

traditional/other sustainable solutions?  

9. Can you give any examples of NBS on houses in your neighbourhood? 

a. If so, how do you perceive those? 

b. Do they inspire you? 

10. Do you think your house could have NBS on them?  

a. What do you think is possible or feasible in terms of implementing NBS on your own 

property or around your home? 

b. How confident do you feel in your understanding of NBS to make that kind of 

decision? 

Explain benefits of NBS 

Domain Co-benefit Explanation 

Economic Lower energy costs Green roofs and walls reduce cooling and heating 

demands. 

Health Improved mental 

health 

Access to greenery reduces stress, anxiety, and 

depression. 

 
Enhanced physical 

health 

Better air quality and encouragement of active outdoor 

lifestyles (walking, cycling). 

Biodiversity Habitat creation Green roofs, facades, and parks provide habitats for 

birds, insects, and other species. 

Heat Resilience Mitigation of urban 

heat island effect 

Vegetation cools surroundings through shading and 

evapotranspiration, crucial during heatwaves. 

 
Improved thermal 

comfort 

Green infrastructure lowers local temperatures, 

enhancing comfort for residents. 

Water 

Management 

Stormwater retention Green roofs and rain gardens capture rainwater, 

reducing runoff peaks into sewers. 

 
Flood risk reduction By promoting infiltration and buffering, NBS help 

mitigate urban flooding. 

Air quality Reduction of air 

pollution 

Plants filter pollutants like particulate matter 

(PM10/PM2.5) and nitrogen oxides. 
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Social Cohesion Community building Neighbourhood greening projects strengthen social 

networks and foster cooperation among residents. 

 

11. What are your thoughts on the effects of NBS? Can you perceive the benefits you might get 

from this? 

a.  And how do you perceive these benefits compared to more traditional/other 

sustainable solutions? 

12. How are these effects and benefits of NBS on houses/gardens communicated to you? 

a. By whom? Local community? Municipality? 

13. Do you feel like you would benefit economically from NBS?  

a. Have you ever looked into subsidies or financial support for making your home 

greener? What did you find? 

b. Would financial support, like subsidies, increase your willingness to implement 

NBS? 

14. Do you perceive a form of engagement towards NBS by others, for example local authorities? 

15.  How do you perceive neighbourhood projects related to NBS?  

a. Would this make a difference in your choices about NBS on your property? 

16. What kind of support do you think you need if you want to renovate your house with NBS?  

a. Technical support? Stakeholder support? Energy consultant? Construction support? 

Gardener? Governance support? 

b. Or how could it be improved? (Maybe terms of scale (maybe national policy?), 

financial help (loans, subsidies), and communication?) 

17.  What would be most helpful for you to implement and maintain NBS on your house?  

18. What do you think authorities/stakeholders could do to enhance implementation?  

a. Structural guidelines?  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



90 
 

Appendix 4: Coding framework 

Perceived possibilities 

 Climate views 

  Action is needed 

  Few concerns 

  Concerns next generation 

  Concerns impact on nature  

  Concerns future health 

 NBS exposure 

  NBS in close environment 

   Homes  

   Buildings 

   Bus shelters 

                                           (Not) Inspiring 

 NBS compared 

  Thinking about sustainable renovation 

                                            Solar panels 

                                            Rain barrel 

                                            Heat pump 

  Current sustainable systems 

                                            Many energy efficiency systems 

                                            Few energy efficiency systems 

  NBS compared to traditional systems 

   Agreeing to environmental benefits 

   Combination of both is best 

   Need for warmth in winter 

 NBS understanding 

  Awareness of NBS 
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   Plants and trees 

   Removing tiles 

   Seen abroad 

   Familiar with green roofs 

  Exploring NBS possibilities 

   No sense of urgency 

   Busy with other things 

   Already being sustainable 

  Suitability own house 

   Never seriously considered 

   Already enough sustainable systems 

   Roof too steep 

   Bad for exterior wall 

   Green roof too heavy 

   Appearance of house 

  Incorrect definition of NBS 

   Seeing sustainable renovation as NBS 

 

Barriers and enablers 

 Financial 

   Negative about costs 

   Costs are worth it 

 Knowledge 

  Assumptions about NBS 

                                          Not possible sloped roof 

                                          No climate impact 

                                           Destroys exterior wall 



92 
 

  Little knowledge NBS 

  Bigger picture needed 

  Path dependency 

                                           Impulse needed for knowledge gathering 

                                           Conservative building sector 

 Maintenance 

  Accessibility roof 

  No maintenance required 

  Overgrowth 

  Help with maintenance needed  

 Engagement 

  Already neighbourhood approach 

  Municipality not involved 

  Communication from associations 

  More on general green 

 Aesthetic 

  Thinking it is pretty 

  Remembering of larger project 

 Perceived benefits 

  Agreeing with benefits 

  Hearing new benefits 

  Impact as individual 

  Benefit as individual 

  NIMBY 

 Property specific 

  Barrier 

   Temperature 
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   Character of house 

   Green environment 

   Streetscape 

  Enabler 

   Temperature 

   Aesthetic 

   Joint initiative 

Future implementation 

 NBS concept 

  Unclear 

   English  

  Little communication  

 Participation willingness 

  Neighbourhood initiative 

   More accessible 

   Not lagging 

   Good for social cohesion 

 Implementation needs 

  Creating awareness  

  Individual approach 

  Gaining knowledge accessible 

   Website 

   Overview (dis)advantages 

   Explore possibilities easy 
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Appendix 5: Stop words Nvivo  
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English: 

Only, all, always, other, different, bit, certain, for example, think, things, clearly, actually, each other, 

somewhere, done, ago, just, had, have, completely, help, someone, indeed, you, look, get, can, way, 

people, less, perhaps, must, moment, of course, solutions, exactly, always, ultimately, from, much, 

further, according to, especially, questions, whereby, why, little, want, home, become, say, sit, 

something, like that, would, so much. 

 


