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Abstract 

Green roofs and green walls have emerged as a sustainable alternative to various problems in urban 

environments due to their increasing densification, such as lack of green spaces, heat island effect, or flood 

phenomena. Some studies have focused on quantifying the costs and benefits associated with green roofs 

and facades. However, more subjective factors such as aesthetic, visual and welfare benefits have only been 

estimated. 

In this dissertation a methodology was elaborated to evaluate the willingness to pay (WTP) for green roofs 

and facades for residential buildings in Portugal. This proposal was based on stated preference methods, 

namely consumer surveys and later expert consultations, to validate the results obtained in the first method. 

In addition to evaluating the WTP, another goal was to analyse the influence of factors such as consumer 

satisfaction, familiarity with these constructive systems and sociodemographic characteristics. 

The willingness to pay values were analysed as a percentage of a monthly expense (rent/banking services). 

In the consumer survey a WTP value of 4% was obtained for accessible green roofs, 1.98% for inaccessible 

green roofs, 2.18% for exterior facades and 2.08% for interior facades. In the expert survey the values obtained 

were two to three times higher, however the relationship between the different systems was identical. 

Familiarity and accessibility proved to be the parameters with greater influence on the WTP values. 
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1. Introduction 

Over the past years an intense urbanization has 

been observed with an increase in the population 

and migration to the cities. According to (Raji, 

Tenpierik and Dobbelsteen, 2015) this growth is 

expected to continue, reaching a maximum of 67% 

of the world population living in urban centres until 

2050. This rise of the population in cities has led to 

a reduction in the available green areas and rise in 

environmental problems such as an increase in the 

heat island effect (Grimmond, 2007), a higher 

emission of polluting gases and a decrease in 

natural resources. It is estimated that construction 

and maintenance of buildings is responsible for 40%  

 

of the world´s energy consumption (Berardi, 2014; 

Besir & Cuce, 2018). 

One of the alternatives to the creation of green 

spaces is the incorporation of green roofs and green 

walls in construction. Some of the benefits of these  

systems include a reduction of the heat island effect, 

better sound insulation, improvement in air quality, 

reduction in energy consumption of buildings, ability 

to retain rainfall, thus avoiding floods among others 

(Refahi and Talkhabi, 2015).  

Green roofs can be classified as extensive, 

semi-intensive and intensive with a gradual 

increase in the depth of the soil layer. Extensive 

roofs are characterized by a shallow depth of soil, 
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inferior to 20 cm, and by being relatively light (60-

150 Kg/m2) (Besir and Cuce, 2017). Due to these 

characteristics this type of roof is generally of easy 

maintenance, low cost, applicable to both flat and 

slopped roofs, but not accessible. Irrigation systems 

are generally not required due to the use of native, 

climate adapted, auto sufficient vegetation (moss, 

herb and grass) (Taylor and Theodosiou, 2009; 

Berardi, Ghaffarianhoseini and Ghaffarianhoseini, 

2014). On the other hand, intensive roofs are more 

demanding and differentiate themselves due to their 

deeper soil (greater than 15 cm) and heavier weight 

(180 - 500 Kg/m2) (Besir and Cuce, 2017). These 

conditions may require structural reinforcement, 

especially in older buildings. The vegetation used in 

these green roofs is similar to that of gardens and 

therefore requires regular maintenance and 

irrigation systems. All of these factors allow for 

better potential in terms of insulation, energy 

efficiency and storm water control, however with a 

higher cost associated (Taylor and Theodosiou, 

2009; Berardi, Ghaffarianhoseini and 

Ghaffarianhoseini, 2014). This system is generally 

accessible. As a middle term of these two systems, 

some authors consider semi-intensive systems with 

a soil depth between 12 and 20 cm (adjustable 

according to vegetation type) and weight between 

120 - 200 Kg/m2 , still considerably low allowing for 

these types to be applied in roofing renovations 

(Besir and Cuce, 2017; Vacek, Struhala and Mat, 

2017).  

Meanwhile, green walls can be divided in green 

facades and living walls (Riley, 2017). The main 

goal of these systems is to grow the plant on the 

wall of the buildings. In green facades the plants are 

rooted in the ground and grow vertically and can be 

divided in direct or indirect depending on whether 

the vegetation grows along the building facade or on 

a secondary support system. On the other hand, 

living walls are pre-vegetated sheets that are then 

attached to a wall or frame. Living walls can be 

divided in continuous  or modular. In the continuous 

systems geotextile membranes and hydroponic 

irrigation tecniques are used to supply water and 

nutrients to the plants, thus eliminating the soil 

component for growth. However, in modular 

systems, pre-fabricaded modules are used which 

contain the soil where the plants will grow. This 

allows for an easy replacement of specifc unhealthy 

parts of the facade. Due to their complexity, living 

walls are more expensive  than green facades but 

are more efficient and profitable (Besir & Cuce, 

2018). 

Although these systems show proven benefits, 

their instalation costs are higher than traditional 

roofing, only proving sustainable after some years, 

which has led to resistence in their use. A few 

studies have been dedidated to evaluating the costs 

and benefits of these systems through economic 

viability analysis, althouth some subjective benefits 

like aesthetic and visual  are usualy not considered 

and may be valued by the consumers.  

 

2. Methodology and data collection  

2.1. Methods 

The main method of measuring the willingness 

to pay for green roofs and living walls chosen for this 

study was the customer survey. This method 

consists on a survey made to consumers where 

they are asked directly about the price they are 

willing to pay for a certain product. This type of 

method allows questionnaires with a relatively easy 

structure and fast obtainment and treatment of the 

data. However, this type of method has some flaws 

associated and the results may not correspond to 

the real WTP of the consumers.  

In order to validate the structure and data 

collected from the first method it was used a second 

method for measuring the willingness to pay - expert 

judgments. This second method consisted in 

consulting people that work directly with green roofs 

and living walls or that have some knowledge about 

this type of systems and therefore may have 

important information about the market and the 

consumers.  

2.2. Consumer Survey 

2.2.1. Definition of variables 

Before structuring the survey, it was necessary 

to define the variables to include and the type of 

measuring of each one. There were two main types 

of variables: dependents and independents. 
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The dependent variables measured the 

willingness to pay for green roofs and green walls. 

Both systems were divided in two separate 

variables according to their characteristics. The 

green roofs were divided according with their 

accessibility and the green walls with their relative 

position in the building (exterior/interior). In Table 1 

are represented the 4 dependent variables with the 

scale adopted for measuring them. The response 

options were set as percentage of the monthly rent 

or the monthly pay to the bank, due to the lack of 

perception of the global value of the house from 

most people. The intervals of values were based on 

the results of several previous studies, which most 

results varied between 0% and 5%. 

 

Table 1 - Dependent variables 

Dependent variables Scale 

WTP accessible green roof 0% 
0% - 2,5% 
2,6% - 5% 

5,1% - 7,5% 
7,6% - 10% 

More than 10% 

WTP inaccessible green roof 

WTP exterior green walls 

WTP exterior green walls 

 

 

The independent variables pretended to analyse 

any possible correlation with the willingness to pay 

stated by the consumers. There was a total of 15 

variables divided in 3 groups: sociodemographic, 

satisfaction and familiarity. The sociodemographic 

variables characterized the sample of the survey 

with 10 parameters represented in Table 2.  

 

Table 2 - Sociodemographic variables 

Independent 
sociodemographic 

variables 
Scale 

Gender Male/Female 

Age 

Less than 18 
18 to 35 
36 to 55 

More than 55 

Level of Education 

5º, 6º 
7º, 8º, 9º 

10º, 11º, 12º 
Post-secondary 

qualification 
Bachelor; Master; PhD 

Location 
18 Districts 

+ 
Açores; Madeira 

Income 

No income 
0€ to 500€ 

501€ to 1000€ 
1001€ to 1500€ 
1501€ to 2000€ 
2001€ to 2500€ 

More than 2500€ 

Type of housing 
Own house 

Rental house 

Expenses Yes; No 

Typology 

T0 
T1 
T2 
T3 
T4 
T5 

Superior 

Household 

1  
2  
3  
4  

More than 4  

 

Besides the sociodemographic characteristics, 

the satisfaction of each individual with their current 

house was also considered. The satisfaction was 

asked referring some of the benefits of the green 

roofs and green walls, namely the thermal comfort, 

sound isolation and the number of green spaces 

around their houses. The scale adopted for these 3 

variables was the Likert scale, with 5 levels of 

satisfaction, as shown in Table 3. 

 

Table 3 - Satisfaction variables 

Independent satisfaction 
variables 

Scale 

Thermal comfort 

Likert Sound isolation 

Green spaces 

 

 

The last parameter considered relevant for this 

study was the familiarity with green roofs and green 

walls. The goal of this variable was to verify if a 

greater knowledge with these systems could 

positively influence the willingness to pay. This 

question had 3 possible answers as demonstrated 

in Table 4. 
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Table 4 - Familiarity variable 

Independent 
familiarity variable 

Scale 

Familiarity 

Never heard of; 

Have heard of, but unfamiliar 
with the benefits associated 

with these systems; 

Familiar with the concept and 
the benefits of these type of 

systems; 

2.2.2. Survey design 

The consumer survey was divided in 3 parts, 

with a total of 17 questions and an introductory note 

explaining the purpose of this study and the 

estimated time. 

The first part of the survey englobed the 

satisfaction variables. The second part began with 

a question about familiarity and then with 4 

questions about the WTP for green roofs and green 

walls. Before these 4 questions, a sample answer to 

better clarify the response options was provided. 

Each question had a corresponding image to help 

the survey participants with less knowledge of the 

theme to visualize the systems. The final section 

was designed to evaluate the sociodemographic 

characteristics of the sample.  

2.2.3. Data collection 

The survey was made with Google Forms 

platform, because of its simplicity and easy 

interface. The survey was shared trough personal 

contacts, via email and social networks between 16 

January 2018 and 23 February 2018, having 

obtained a total of 562 answers.  

The sample method used in the survey was the 

convenience sampling. This a type of nonprobability 

sampling where the participants of the study are 

previously selected. On the other hand, in 

probability sampling methods all the individuals of 

the population are considered for the study. This 

method was chosen because of the easy access to 

the participants and the inexistence of associated 

costs. However, this kind of sampling may not  

correctly represent the population, which means 

that generalizations may be subject to bias (Ilker 

Etikan, Sulaiman Abubakar Musa, 2016). 

2.3. Expert Judgments 

2.3.1. Survey design 

The expert judgement survey was divided in 4 

parts, that also included an introductory note 

explaining the purpose of the study.  

The first part included 4 questions related with 

the WTP for green roofs and green walls. As before, 

it was included a sample answer to clarify the 

response options. The second part pretended to 

evaluate the current situation of the Portuguese 

market of green roofs and green walls. There were 

included questions regarding the type of building 

and sectors where these systems are more applied, 

the annual growth rate in the Portuguese market, 

the influence of local policies and the biggest 

obstacles related to green roofs and green walls. 

The third part analysed which parameters have 

more influence in the values of WTP for green roofs 

and green walls, in residential buildings. The 

parameters evaluated in this section were the 

mensal disposable income, the knowledge about 

the benefits of these type of systems, the 

household, the residence location, or the typology 

of the house. There was also one more open 

question in this section about measures that in the 

expert’s opinion should be taken in order to increase 

the WTP. The final section included questions of 

identification of the consulted experts, namely 

education, current profession and age. 

2.3.2. Data collection 

The survey was made with Google Forms 

platform, as the consumer survey. It was shared 

trough companies related with green roof and green 

walls in Portugal between 12 February 2018 and 28 

February 2018, having obtained a total of 5 experts 

consulted. 

 

3. Results and discussion 

3.1. Results of Customer Survey 

The gender distribution was relatively similar 

with 56% of female respondents. Most respondents 

have an age between 18 and 35, representing about 

50% of the sample. The level of education didn’t 

obtain a uniform distribution with 77% of 



5 
 

respondents stating to have a bachelor, master, or 

PhD. The predominant location of residence was 

Lisbon, with 58% of individuals, while the other 

districts combined obtained 42%. The income 

asked was the monthly net salary with 

approximately half the sample earning between 

501€ and 1500€.  There are 61% of individuals that 

pay the expenses of the house and 77% that live in 

their own house. The typology and the household 

had similar distributions with the most common 

being T3 with 3 and 4 people. The results are 

summarized in Table 5. 

 

Table 5 - Sociodemographic results 

Sociodemographic 
Variables 

Scale % 

Gender 

Female 56% 

Male 44% 

Total 100% 

Age 

Less than 18 0% 

18 to 35 50% 

36 to 55 32% 

More than 55 18% 

Total 100% 

Level of Education 

5º, 6º 1% 

7º, 8º, 9º 1% 

10º, 11º, 12º 14% 

Post-secondary qualification 8% 

Bachelor; Master; PhD 77% 

Total 100% 

Location 

Lisbon 58% 

Other districts 42% 

Total 100% 

Income 

No income 16% 

0€ to 500€ 6% 

501€ to 1000€ 27% 

1001€ to 1500€ 25% 

1501€ to 2000€ 13% 

2001€ to 2500€ 6% 

More than 2500€ 9% 

Total 100% 

Type of housing 

Own house 23% 

Rental house 77% 

Total 100% 

Expenses 

Yes 61% 

No 39% 

Total 100% 

Typology 

T0 0% 

T1 7% 

T2 19% 

T3 37% 

T4 24% 

T5 7% 

Superior 6% 

Total 100% 

Household 

1  9% 

2  21% 

3  29% 

4  29% 

More than 4 12% 

Total 100% 

 

The satisfaction with thermal comfort and sound 

isolation obtained very similar results. About half of 

the sample declared to be satisfied with these two 

parameters and the other half to be unsatisfied, as 

shown in Figure 1. The satisfaction with the number 

of green spaces nearby the current house had more 

positive results, with 60% of respondents satisfied 

and 36% unsatisfied. 4% of the sample stated to 

have no opinion.  

 

 
Figure 1 – Satisfaction with: a) Thermal comfort; b) Sound 

isolation; c) Green spaces 

 

The results for the familiarity variable were 

relatively well divided trough the 3 response options 

provided in the survey, with a slightly more 

respondents stating to have heard about green 

roofs and green walls before, but to be unfamiliar 

with the associated benefits, as shown in Figure 2. 
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Figure 2 - Familiarity results 

The willingness to pay was measured for two 

types of green roofs and two types of green walls. 

In Figure 3 are presented the mean WTP values 

obtained for each system, where it’s possible to 

observe a significant difference between the 

accessible green roof and the other models. This 

system obtained a value of 4%, while the other 

values were similar between them, with WTP values 

around 2%. 

 
Figure 3 - Mean WTP (Customer survey) 

 

3.2. Results of Expert Judgments 

The first part of the expert’s survey measured the 

WTP for green roofs and green walls. The results 

were about 2 to 3 times higher than the first survey, 

although the same relationship was observed 

between the 4 types of systems (Figure 4). 

 

 
Figure 4 - Mean WTP (Expert Judgments) 

 

The second part of the survey characterized the 

current situation of the market of green roof and 

green walls, in Portugal. According to the experts 

consulted, the green roofs represent about 80% of 

the market and there is a 5% annual growth rate. 

The sector of the market where these systems are 

more applied are the private sector, with 80% being 

new constructions, against 20% in rehabilitation. 

The last question of this section evaluated the type 

of buildings with more green roofs and green walls. 

The residential buildings were selected by 80% of 

the respondents, followed by hotels and transport 

stations with 60% answers. Commercial and 

restaurants were selected by 40%.  

The third part analysed which factors have more 

influence in the consumers WTP. The existence of 

local policies was selected by all the respondents as 

having a median (40%) and a high effect (60%) on 

the applicability of these type of systems in the 

market. The factor selected as having more 

influence on the choice for these types of systems 

was the improvement of the aesthetics of the 

building. Other important factors were 

environmental reasons and the improvement of the 

thermal comfort. The biggest obstacles to the 

implementation of green roofs and green walls 

identified by the respondents were the financial 

viability, unfamiliarity of the market with these 

systems and the lack of technical knowledge from 

the construction companies. In Figure 5 it’s 

represented the individual characteristics that in the 

expert’s opinion have more influence in the stated 

WTP. The familiarity and the income were 

considered to have the greatest influence. 

 
Figure 5 - Influence of individual characteristics in WTP 
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the WTP for green roofs and green walls. The 

responses obtained were similar and the main 

measures suggested were: 

• Local incentive policies; 

• Inform the consumers about the benefits 

associated with these systems; 

• Inform the consumers about the costs of 

installation and maintenance of green 

roof and green walls. 

3.3. Discussion 

In order to analyse the influence of each variable 

from the consumer’s survey with the WTP values it 

was made a bivariate analysis. In addiction it was 

made a correlation matrix to study the dependence 

and intensity of the different variables. The 

correlation was verified through the Spearman’s 

coefficient which allows to analyse the monotony 

between two dependent variables, that don’t have 

necessarily a linear correlation (Hauke and 

Kossowski, 2011). The correlation values can be 

seen in Table 6. It’s possible to observe that the 

values obtained for the coefficients were relatively 

low, with values very close to zero. In the table 

presented the coefficients with values higher than 

|0,10| were highlight, since they indicate a little 

correlation between the variables. 

The satisfaction variables obtained very low 

correlation values, not allowing to observe any type 

of direct influence with the willingness to pay values. 

The variable green spaces, despite having obtained 

reduced coefficients, revealed to have a negative 

correlation with the WTP in the 4 models analysed 

which was the expected behaviour for this 

parameter, indicating that a smaller number of 

green spaces in the residence area could lead to a 

slight increase in WTP for green roofs and walls. 

Familiarity was the variable that obtained the 

higher correlation coefficients for all models 

analysed. The Spearman coefficients obtained 

varied between 0.13 and 0.23. The fact that positive 

values were obtained reveals that the increase in 

familiarity with these systems and the associated 

benefits translates into an increase of the WTP. The 

mean values obtained for each response option are 

represented in Table 6. 

 
Figura 6 - Familiarity vs WTP 

 

 

Table 6 - Correlation matrix (Spearman coefficient) 

  WTP 

  Accessible 
green roof 

Inaccessible 
green roof 

Exterior 
green wall 

Interior green 
wall 

Satisfaction 

Thermal comfort -0,04 -0,01 -0,04 0,01 

Sound isolation 0,00 0,03 0,00 0,06 

Green spaces -0,03 -0,05 -0,07 -0,06 

Familiarity Familiarity 0,20 0,23 0,18 0,13 

Sociodemographic 

Gender -0,04 -0,03 -0,04 0,01 

Age -0,14 0,01 0,02 0,06 

Level of Education 0,16 0,08 0,10 0,03 

Location 0,19 0,08 0,10 0,06 

Income -0,01 0,09 0,11 0,11 

Type of housing -0,01 0,09 0,06 0,03 

Expenses -0,12 0,02 0,04 0,05 

Typology -0,02 -0,03 0,00 -0,02 

Household 0,08 0,05 -0,01 0,00 
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The gender variable obtained very low 

correlations between the 4 models analysed and 

therefore there is no evidence of a correlation with 

WTP. 

Age also had relatively low correlations with 

values close to zero, except for the accessible green 

roof model. For this system the Spearman 

coefficient was negative with a value of -0.14. This 

correlation shows that there is a slight appreciation 

of the accessibility component by the younger ages.  

The level of educational variable presented a 

positive correlation in all the models and with some 

significance in accessible roofs and exterior walls. 

This relationship coincides with the expected, 

revealing a slight increase of WTP in the individuals 

with more literary qualifications. However, this 

variable had a different distribution compared with 

the qualifications in Portugal, so the evidence 

revealed in this study should only apply to the 

sample collected. 

The location variable obtained the maximum 

correlation value for accessible green roofs, with a 

coefficient of 0.19. In the other systems the 

coefficients were also positive, although with lower 

values. The positive correlation in this variable 

represents the increase in willingness to pay for 

individuals residing in the district of Lisbon. In this 

way, the highest correlation verified for the 

accessible roofs coincided with the expected, 

revealing that the accessibility has a higher 

valuation in most urbanized locations. 

The income variable obtained a positive and 

similar correlation for inaccessible roofs and exterior 

and interior walls, with values between 0.09 and 

0.11. This positive relationship indicates an 

increase in WTP with increasing yields. Regarding 

the accessible roofs, the correlation was different 

than expected, with a spearman coefficient close to 

zero. 

The housing expenses verified a slightly 

correlation with accessible green roofs, with a 

coefficient of -0.12. This relationship suggests that 

those who stated not to pay the housing expenses 

reveal greater WTP for this roofing types. In other 

systems this correlation had very little expression. 

The variables related to the housing contract 

(purchase / lease), typology and household did not 

obtain significant values in the spearman 

coefficients, not allowing to verify a direct correlation 

with the WTP. 

3.4. Comparison of results 

The Figure 7 shows the mean values of WTP 

obtained for each type of system. It’s possible to 

observe a significant difference between the two 

surveys. In the expert consultation, willingness to 

pay was always substantially higher (two to three 

times higher) than declared values by consumers. 

Despite the differences in the values obtained by 

the two methods of WTP, it is verified that the 

relationship between the systems analysed was 

very similar, with clear evidence for the accessible 

green roofs, which always obtained higher values of 

WTP. The other roofing systems and facades 

obtained lower and nearer values of WTP in both 

cases. In relation to green walls, there was a slight 

difference in relation to the two surveys, since the 

wall system with the highest WTP was the exterior 

walls, whereas in the expert survey the values for 

both types had been practically similar. The 

inaccessible roofs were the system with the lower 

WTP values, both in consumer and expert survey. 

 

 
Figure 7 - Comparison of mean WTP values 
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4. Conclusion   

Green roofs and green walls can reduce some of 

the main effects from the high population growth 

and the strong urbanization of cities, mainly at the 

environmental level, such as the reduction of the 

heat island effect, rainwater retention, better use of 

space, reduction of pollutants in the air and 

reduction of noise pollution. 

The methodology used to measure willingness 

to pay was based in stated preference methods. 

This option resulted from the lack of information 

regarding green roofs and green walls in the 

Portuguese market. The stated preference method 

based on direct surveys allows an easy data 

collection, however the structure of the survey and 

the correct definition of the variables have a great 

influence in the treatment of results. The type of 

sampling chosen, non-probabilistic sampling for 

convenience, despite allowing easy accessibility to 

the survey participants, it doesn’t allow 

generalizations for the population. 

The willingness to pay in this study was 

measured an increase in the monthly housing 

expenses, like the rent or banking payments. The 

results obtained for green roofs/walls in Portugal 

were relatively low, although they are within the 

ranges of values obtained in previous studies. The 

average WTP value was 3% for green roofs and 

2.13% for green walls. Within the green roofs there 

was a great variation in the results related with the 

accessibility parameter. For the accessible roofs, 

the WTP was 4%, compared to 2% for inaccessible 

roofs, revealing that accessibility is a highly valued 

parameter for consumers and has a high influence 

on their willingness to pay. 

The different factors analysed in the consumer 

survey did not show a strong correlation with the 

willingness to pay for these systems. The familiarity 

variable obtained the higher correlation coefficient, 

in the order of 0.20, indicating that a greater 

knowledge about the benefits of green roofs and 

walls could lead to greater WTP values. The 

variables with also some correlation with WTP 

values were educational level (positive relation), 

location (positive relation with individuals residing in 

the district of Lisbon) and income (although it was 

not verified for accessible green roofs). The 

correlations verified can only be considered valid for 

the sample of this study. For another methodology 

and method of sampling the results could have been 

different. 

In the expert’s survey, WTP values were two to 

three times higher than the values obtained in the 

consumer survey, with a value of 8.75% for 

accessible green roofs, 4.04% for inaccessible 

green roofs, 5.50% for exterior green walls and 

6.25% for interior green walls. According to the 

experts consulted, the knowledge of the benefits of 

roofs and facades and the average income are the 

factors that most influence the willingness to pay, 

coinciding with the results obtained in the consumer 

survey. Local policies and informing the consumers 

about costs and benefits associated with these 

systems were the most suggested measures by the 

experts consulted, as means of increasing the WTP 

for green roofs and green walls. 
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