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Over the years green infrastructures have been applied in urban areas. The aim is to
mitigate the negative effects of massive urbanization and transform cities into more
sustainable environments. The benefits are several, public and private, across multiple
dimensions. They benefit the users, the infrastructures and their surrounding environment
and respond to aesthetic problems, problems of discomfort, environmental problems,
among others.
Even so, the economic viability of these solutions is still discussed, leading to the need for
more cost-benefit analysis (CBA) in different scenarios.
This study suggests a methodology for analyzing the economic feasibility of the application
of green roofs and green facades in public buildings and in primary schools, based on a
bibliographical review and organized according to the life cycle phases of this type of
structures and the different dimensions of public buildings and primary schools, integrating
financial, economic and socio-environmental components.
This methodology is applied to primary schools EB1 and JI Manuel Teixeira Gomes and to
EB1 and JI of Bairro do Armador, located in Marvila, Lisbon. Five scenarios of green
infrastructure are evaluated for each school under study.
The CBA carried out at 40 and 50 years with updating rates of 6.71% and 6.67%, shows
that there is economic viability for nine of the ten scenarios evaluated. The net present
values (NPV) diverge between -17 076,61 € and 2 377 917,25 €. Parameters such as
aesthetic improvement and increased sound insulation have a significant impact on NPV,
with changes of up to 21% and 8%, respectively.

1. INTRODUCTION
1.1. Background
In the last centuries, green roofs and facades have
begun to appear in urban areas. These green
infrastructures arise as an alternative to the protection
of traditional surfaces, which have been progressively
diffused due to the large number of public and private
benefits that come from their application [1]. These
systems are solutions that bring benefits to the
infrastructure, to its users and to the surrounding
environment. Several authors and studies demonstrate
these benefits. Among them are: the pollutant’s
concentration reduction on the atmosphere [2];
temperature’s regulation, the mitigation of the effect of
the urban heat island, the energy consumption
reduction in the buildings as it reduces their needs for
heating and cooling the indoor environments [5], [6];
noise attenuation by increasing the sound insulation
[7], [8]; a better quality and management of rainwater,
contributing to the retention and delay of the flow itself
[3], [9], [10]; increased property value, in particular due
to the aesthetic improvement, the creation of new
useful spaces, the sound insulation and the greater
durability of the coating and waterproofing materials
[[9], [11], [12]; the increase of the well-being and health
of the people, at physical, social and psychological
levels [13]–[15]; among many others.
This study examines the application of these green
infrastructures in public buildings or spaces of public
use, particularizing the feasibility analysis for primary
schools. Public buildings play a very important role in
our society and in the urban environment itself. Their

role is relevant on several levels, not only do these
buildings have a visual impact on the environment in
which they are located, but they are also responsible
for the proper functioning of the cities and the country.
It is even more important to study the application of this
type of green structures in a group of public buildings:
educational buildings, particularly in primary schools,
because their main users are in the development phase
and therefore are more sensitive to both negative
impacts and positive stimuli [16], [17] and because
much of their time is spent in these places. Portuguese
students are the ones who spend more hours in their
educational buildings. In the 1st Cycle of Basic
Education, the average number of hours spent in
school is 822 hours per year, while in the other
countries this average stands at 799 hours. As a matter
of fact, almost all the benefits of applying green roofs
and facades play a significant positive role in their
physical, psychological and social well-being, in their
cognitive development and consequently in their
school performance [18], [19].
1.2. Green infrastructures
Green roofs are a type of roof prepared to support
vegetation [20]. Usually, green roofs are multi-layered
(bottom-up) with a waterproofing membrane, an antiroot barrier (optional), a drainage layer and a filtering
layer, which prevents fine particles from being drained.
On these membranes is a substrate layer that allows
the growth of vegetation [21], vegetation that can be
lower or of plants, shrubs and trees, depending on its
typology. The different green roofs are organized into
three groups of typologies: extensive, semi-intensive
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and intensive, varying according to the type of
vegetation, its characteristics and the purpose for
which they were conceived [22]. Extensive green roofs
consist of a thinner substrate layer, which typically does
not exceed 200 mm and has a lower vegetation
density. Its installation is simpler and has self-sufficient
maintenance resulting in lower costs [22]. Intensive
green roofs are typically accessible roofs and are apt
to include larger plants, thus requiring a much deeper
substrate, typically over 400 mm, and a consequent
higher maintenance requirement, including more
complex drainage and irrigation systems [22]. Between
these two typologies is the third one, the semi-intensive
green roofs, where the substrate thickness varies
between 120 and 250, allowing for a slightly greater
variability and density of vegetation than the extensive
green cover but less intensive [22], [23].
Vertical green systems are divided into two distinct
typologies: the green facades and the living walls. In
the green facades the vegetation can ascend along the
facade, usually using climbing plants. Their system can
be direct or indirect, depending on the place of support,
being direct in the cases in which the plants develop
directly under the facade or indirect when they develop
previously through a structure of fixed support. The
living walls are classified as continuous or modular, and
the continuous ones arise in situations where they
install permeable blankets to insert the plants, a
posteriori, and the modular ones come from the use of
prefabricated modules that already include soil and drip
irrigation systems (with lower reservoirs) or
alternatively are hydroponic types where no soil is used
and water with nutrients circulates the remaining
accessories in channels [24], [25].
1.3. Aim of the study
The present study intends to:
 Identify the main needs of public buildings and
school buildings related to the case studies;
 Identify and quantify the costs and benefits of
implementing green infrastructures, related to the
infrastructure, users and the environment,
throughout their life cycle;
 To create a methodology for the cost-benefit
analysis of the application of green roof and green
facades in public buildings and primary schools;
 Characterize the case studies and identify the
opportunities for improvement;
 Create proposals of intervention scenarios for the
introduction of green infrastructures in case
studies;
 Carry out the cost-benefit evaluation of the most
relevant proposed solutions to be applied in each
case study and a sensitivity analysis to the most
influential parameters.
2. METHODOLOGY
The present study proposes a unique analysis
methodology to carry out the comparative study
between the application of roofs and green in public
buildings and in primary schools, comparing with the
current situation where there are no green
infrastructures. In fact, the methodology presented is
applicable to virtually all types of public buildings, since
what varies from one type of building to another are the
2|

consequences of the benefits themselves and the way
of quantifying them. In the presented methodology the
costs and benefits are grouped according to the phases
of the life cycle of the green infrastructures where they
occur and according to their scope of the infrastructure,
of the user or of the surroundings, as can be seen in
Figure 1.

Figure 1 – Proposed Methodology

In projects such as green infrastructures, the
investment required to achieve them is conditioned by
the expected return on investment. Due to the
economic constraints sometimes imposed, the choice
and decision goes to the solution with lower initial cost,
neglecting the total life cycle cost [26] decision-making,
aiming at evaluating the feasibility of solutions, allowing
the investor to choose the most advantageous project
[27]. The direct and indirect costs and benefits
associated with this investment project are evaluated.
The economic assessment takes into account all the
economic, environmental and social costs and benefits
that come from the application of green roofs and
facades [28]. It’s divided in three components: the
financial, the economic and the socio-environmental
component, which differ in terms of the scope of
analysis. For each one of these components a time
horizon and an appropriate updating rate must be
defined. At the end of this economic evaluation
performance indicators are obtained, such as the net
present value (NPV), the internal rate of return (IRR)
and the period of recovery of the investment (PRI),
necessary in the comparison of alternative solutions.
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Beginning of the life cycle
The installation cost is the initial investment required to
install green roofs and facades, encompassing several
partial costs such as the cost of purchasing,
transporting, applying and installing the different
materials and components of the green structure, as
well as the cost of labor [29]. These costs vary
according to the different factors that are directly or
indirectly associated with it, such as the typology of the
green structure and its size, the materials and suppliers
used, the type of plants and drainage, the type of use,
the construction method and height of the building [28].
The cost of installing green roofs is much higher than
the cost of installing traditional roofing, thus
representing one of the main obstacles to investing in
these types of solutions [30]. A traditional roof in the
US, Illinois, requires an initial investment ranging from
111,59€/m2 to 130,60€/m2 and for an extensive green
roof this cost is slightly above the 185,96€/m2 [31]. But
in the case of the intensive green roof, the value of the
initial investment is already substantially higher,
279,37€/m2. One extensive green roof in Germany may
involve an initial investment between 73,39€/m2 and
77,71€/m2, whereas in Brazil this investment is
substantially lower, 21,59€/m2 to 25,90€/m2 [32]. In
Portugal, the cost of installing extensive flat green roofs
varies between € 31€/m2 and 135€/m2, varying with the
characteristics chosen and their area. The cost of
installing the semi-intensive ranges from 85 €/m2 to 123
€/m2, and the intensive ones between 100 €/m2 and
182 €/m2.
For vertical green systems, studies on the investment
values of your application are reduced. A green facade
installed in Genoa in Italy can reach costs ranging from
30 €/m2 to 45 €/m2 in the case of direct system and
between 26 €/m2 and 215 €/m2 in the case of an indirect
system. A living facade of modular type can reach 315
€/m2 [33].
During the life cycle
Typically, green infrastructures require significantly
higher maintenance levels than traditional systems and
therefore have considerably higher maintenance costs.
In green roofs maintenance costs may be higher
depending on vegetation types and other green cover
properties, such as the type of planting medium and
cover drainage systems used. The type of green roof
that requires less maintenance is the extensive one,
since after covering the desired surface, irrigation is no
longer necessary [32]. The intensive green roof type is
the one with the highest maintenance costs [34], mainly
due to the higher water expenditure in the irrigation
system [35]. Regarding vertical green systems, in the
case of direct and indirect green facades, their
maintenance mainly concerns pruning which is
required annually [33]. In the case of living walls, due
to the density and diversity of plants in these systems,
they generally require a more intense and frequent
level of maintenance compared to green facade
systems [36].
Several authors and several studies have
demonstrated the benefits of this type of green
infrastructures, such as the reduction of pollutant
concentration in the atmosphere [3]–[5] and the
regulation of temperature which has consequently

contributed to the mitigation of the effect of the urban
heat island and its consequent carbon footprint and to
the reduction of the energy consumption of buildings as
it reduces their heating and cooling needs of indoor
environments [24], [28], [37].
It also valorizes the properties due to the aesthetic
improvement introduced [5], [9], [12]. The noise
attenuation is also a relevant benefit for this
valorization, increasing the acoustic insulation of the
building itself and its capacity to absorb noise pollution
and ambient noise [7], [8]. Green roofs and facades
also play a role in protecting their supports against
environmental aggression. Their presence delays
surface degradation due to ultraviolet rays, thermal
variations, ice and snow, acid rain and atmospheric
pollutants [35], [38], [39], giving the infrastructure a
longer life. These green infrastructures also increase
people's well-being and health, on a physical, social
and psychological level [14], [15], [40]. Finally, green
roofs especially contribute to a better quality and
management of rainwater, contributing to the retention
and delay of the flow itself [9], [10], [41].
At the end of the life cycle
When the life cycle of green infrastructures comes to
an end, their components can be replaced or
demolished. The demolition phase of green systems
has different options. Some components can be
recycled, reused [5], [30], or landfilled [5], [30], [35]. In
general most of the components are transported to
landfill in this type of infrastructure’s demolitions [9].
3. CASE STUDIES
To carry out the economic viability analysis using the
methodological proposal of section 2, two primary
public schools located in Lisbon were selected as case
studies of this study. As Case Study 1 (CS1) we
present the EB1 & JI Manuel Teixeira Gomes School
and as Case Study 2 (CS2), the EB1 & JI Bairro do
Armador School, both located in Marvila (Lisbon). In
the first contacts with the chosen schools,
questionnaires were carried out to the employees and
teachers of both schools under study to assist in the
construction of this section 3 and the next section 4.
3.1. Main characteristics
The CS1, the EB1 & JI Manuel Teixeira Gomes school,
receives children for kindergarten and pre-primary
education, aged between 3 and 6 years, and for the 1st
cycle of basic education (1st year to the 4th year of the
total nine years of basic education), between 6 and 11
years. The building was built in 1972 and subsequently
expanded the dining space in 2011. The Manuel
Teixeira Gomes School is located on a plot of
approximately 11,000 m2 and consists of two buildings.
The main building has an approximate area of 2500 m2
and is composed of eight classrooms for the 1st cycle
classes (one room per class), three classrooms for the
three years / kindergarten classes and one central
space multipurpose interior, which functions as a
gymnasium and as an indoor recreation space,
common to 1st cycle students and Kindergarten
students. This polyvalent space is also used for
extracurricular activities and parties. The second
building has an approximate area of 350 m2 and gives
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space to dining space for all students of the school. As
for outdoor spaces, the school is provided with a large
area around the two buildings. Here you can find two
sports fields, two amusement parks and a small
outdoor auditorium (Fig.2). In the current school year,
2017/2018, the school had 65 students aged between
3 and 5 enrolled in Kindergarten and 190 students,
aged 6 to 11, enrolled in the 1st Cycle of Basic
Education. Currently, at the level of teachers, the
school has the work of 16 teachers, of which 3 teach in
kindergarten, 11 in the first cycle and 2 dedicated
exclusively to students of Special Education. Directly
with the children, there are three assistants in
kindergarten and four in the first cycle, one for each
year of schooling.

Figure 2 – Aerial photography of CE1

The CS2, the EB1 & JI Bairro do Armador school, also
receives children for kindergarten and pre-primary
education, aged between 3 and 6 years, and for the 1st
cycle of basic education, between 6 and 11 years.
The school is situated on a plot of approximately 9 km2
and consists of two buildings, one for the first cycle,
with an approximate gross area of 2500 m2, equipped
with twelve classrooms (where only eight of them are
located in use), several function rooms, library,
cafeteria and a gymnasium with changing rooms, and
the second building for Kindergarten with a gross area
of approximately 1000 m2, also equipped with cafeteria,
with six rooms of activities and with three spaces
prepared for activities of plastic expression. Both have
several work offices for steering and coordination
among others. The exterior space between the two
buildings is partly divided by a two-zone fence and
includes a playground, two amusement parks, three
covered areas and green spaces (Fig.3). In the
2017/2018 school year, the school had 164 students
enrolled in the 1st Cycle, between the ages of 6 and 11,
and 110 children enrolled in Pre-School in
Kindergarten, between 3 and 6 years of age. The
school counts on the daily work of 8 teachers assigned
to 1st cycle classes, 6 teachers who are not allocated
to any class and who only give support to the students
and other teachers when needed, a teacher
coordinator of the establishment, 6 kindergarten
teachers and 3 special education teachers.
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Figure 3 – Aerial photography of CE2

3.2. Solutions proposal
After identifying the main problems and the main needs
of both schools, several green scenarios were
designed. Only the scenarios for which the benefits are
most representative were selected to perform CBA and
are presented in Table 1. Ten scenarios of green roofs
or facades were evaluated, five for each case study.
For CS1, two scenarios of green facades and living
walls were evaluated, the scenarios 1.I. (a) and (b)
applied outside and scenarios 1.V. (a) and (b) applied
inside (scenarios (b) are the living walls), and an
extensive green roof scenario, the scenario 1.IV. As for
CS2, an evaluation was performed for the scenarios 2.I
(a) and (b) of green facade and living wall applied
outside, respectively, the scenario 2.II of extensive
green roof and the scenarios 2.III. (a) and (b) of green
facade and living wall applied in the interior,
respectively.
Table 1 – Green scenarios designed for evaluation

4. COST-BENEFIT ANALYSIS
The proposed methodology in Figure 1 was applied in the
analysis of each case study, however, only some
parameters were quantified. Figure 1 highlights the costs
and benefits that were effectively quantified in bold.
4.1. General assumptions
Some benefits were not considered in the economic
evaluation, usually because it is not possible to quantify
them. The benefit of increasing the efficiency of solar
panels has not been considered because none of the case
studies have photovoltaic panels on their premises. As for
the benefit of optimization of the use of infrastructure,
creation of new spaces and consequent demand induced,
it is predicted that the greater visual attraction brought by
the proposed green scenarios generate a growing demand
in schools. However, despite the importance of this
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parameter, it is not considered during this analysis, due to
the great complexity in studying patterns of demand
evolution. The comfort introduced to users due to internal
temperature regulation has also not been considered. It
was not possible to quantify it because of the difficulty and
variability of the conclusions of the studies on the positive
consequences of this benefit for people. The only way to
quantify the benefit of indoor temperature regulation is with
the reduction of the energy bills, considering the reduction
of the needs for cooling and heating the buildings. The
benefit of the noise muffling is considered in the
quantification of the sound insulation benefit.
The improvement of health and well-being related to the
contact with nature also has not been considered in this
evaluation. Although in recent years researchers have
been looking at improving people's well-being and health in
contact with vegetation, a clear consensus has not yet
emerged. In particular, the study by Maas [42] shows that
the previously established relationship between green
space and a number of general indicators of well-being and
physical and mental health can also be found in specific
categories of diseases evaluated by physicians and their
conclusions were quite relevant: annual prevalence rate for
15 of the 24 disease groups investigated is lower in
environments with more green space within a 1 km radius.
But in the review by Lee & Maheswaran [43] it was
concluded that the existing evidence for the link between
contact with nature and people's well-being and physical
health is weak. So, although the benefits that green roofs
and facades applied in urban areas bring to the health and
psychological, social and physical well-being of people,
their effects are still difficult to quantify given the subjectivity
and variability of the influence of the innumerable external
factors involved [44]. For all these reasons and given that
in the present analysis there were no surveys of satisfaction
to the local population, the benefit of well-being and public
health inherent to contact with vegetation was not
considered in this study.
Biodiversity and reducing urban heat island effect were not
considered necessary due to the small scale of the
proposed green scenarios. They would not have a relevant
contribution to these benefits.
4.2. Methodology applied to the chosen solutions
Beginning of the life cycle
Installation costs: These costs were based on the
values collected in the bibliography, especially through
the values obtained by studies and local budgets and
companies. This cost takes place in the initial year of
analysis.
During the life cycle
Maintenance Costs: The values of the maintenance
costs were calculated based on the bibliography and
based on the values practiced in Portugal collected
through websites and budgets of the local companies.
It is an annual cost.
Interior
temperature
regulation
energy
consumption reduction: To calculate this benefit, we
estimate the consequent energy consumption
reduction. The real energy consumption of schools for
2017 was obtained, with the help of the local council.
Subsequently, the value of this benefit was calculated
from the percentages of reduction of energy

consumption provided by the bibliography. This benefit
was only considered for the green roof scenarios (1.IV
and 2.II), given the small size of the proposed green
facade scenarios, and only for the buildings where the
green roofs were installed. This is an annual benefit.
Aesthetics
improvement:
The
aesthetic
improvement introduced by the installation of green
systems is quantified for the surrounding properties
and for the properties where these systems are
installed. For the first part of this benefit, through a
small market study, we estimated the price per square
meter of the surrounding properties. As for the second
part of the benefit, the market value of each school was
also estimated, based on data such as the costs of its
construction and the estimated price of the land. From
these values and with the percentages of property
valorization obtained in the bibliography, although
altered to fit the case studies, we quantify this first part
of the benefit. It was considered that these two plots of
benefits take place in year 1 of the analysis.
Increased structures and materials longevity: For
this benefit only the scenarios applied abroad
(scenarios 1.I, 1.IV, 2.I and 2.II) were considered. This
benefit is quantified by considering replacement costs
that are avoided with the application of green systems.
Taking into account the values of the studies collected
it was considered for the extensive green roofs (1.IV
and 2.II) an increase in their life span of 20 years. As
for the exterior green facade scenarios (1.I and 2.I),
according to the values collected in the bibliography,
their useful life increases by 15 years. For the green
roofs this benefit takes place in year 20 of the analysis
and for the green facades this benefit takes place in
year 50.
Sound insulation improvement: Increased property
value and benefits for users: This benefit was also
quantified in two plots. The first one is the valorization
of properties where green systems are applied. This
benefit that takes place in year 1 of the analysis. The
second concerns the reduction of the annual costs of
users exposed to noise and it is an annual benefit. Both
were calculated considering the values reunited in the
bibliography and only for the scenarios applied outside.
Air quality improvement: This benefit was calculated
by the savings made in reducing the costs of pollutant
emissions, established by the European Emissions
Trading System (EU ETS), and considering the
volumes of pollutants absorbed by the green roofs and
green facades obtained from the bibliography, for all
the scenarios.
Runoff management: This benefit only makes sense
to account for the extensive green roof scenarios 1.IV
and 2.II. Through data obtained in the website
PORDATA.pt about precipitation in Lisbon, it was
possible to account for the precipitated volume at the
study site. Through the values of the bibliography it is
possible to know how much water is retained on the
roof. The amount of water that is retained on the roofs
does not go to the drainage system, leading to cost
savings.
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At the end of the life cycle
Replacement Costs: This cost is quantified just like
the previous financial costs. The substitution costs
considered in this dissertation take place at the end of
the useful life of the green infrastructures. It is assumed
that this cost also includes the demolition costs of the
various components of the green system.

In Table 2 and Table 3, all the costs and benefits
assumed in the present analysis are summarized.

Table 2 – Summary table of quantification of the benefits of the scenarios evaluated.
evaluated.

Table 3 – Summary table of the monetary costs and benefits of the scenarios
evaluated.
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5. ECONOMIC FEASIBILITY STUDY: RESULTS
AND DISCUSSION
The costs and benefits of green infrastructures are
considered throughout their life cycle. For vertical
green systems, the analysis is carried out over a
period of 50 years, while the green roof systems
analysis is performed for only 40 years. The discount
rate is defined as 6.71% for year 1 of the analysis and
6.67% for the remaining years (according to Eq. 1), in
order to update the costs and benefits at the time of
the investment.
𝐷𝑅 = (1 + 𝑟𝑟𝑒𝑡𝑢𝑟𝑛 )(1 + 𝑟𝑟𝑖𝑠𝑘 ) 1 + 𝑟𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛 − 1
(1)

rreturn: Rate of return; a rate equivalent to the
Portuguese treasury bonds of 30 years was
admitted. According to the Investing.pt website, the
yield rate is 2.673%.
rrisk: rate risk; 2,5% for a medium risk investment.
rinflation: rate inflation; the values of the costs and
benefits of year 1 of the analysis are updated with
the expected rate of inflation for 2019 of 1.4%.
From year 2 until the end of the time horizon of the

analysis, the values are updated at a constant
inflation rate that was calculated from the average
of the inflation rates of the last ten years in Portugal
and that has a value of 1, 35%.
This feasibility study is carried out for financial,
economic and socio-environmental analyses, and it is
based on the CBA mentioned above.
5.1. Financial analysis
Figure 4 and Figure 5 represent the non-cumulative
updated cash flows of the financial analysis for the
proposed scenarios of CE1 and CE2, respectively, of
the extensive green roofs (scenarios1.IV and 2.II),
green direct / indirect facades (scenarios 1.Ia, 1.Va,
2.Ia and 2.III.a) and living walls (scenarios 1.Ib, 1.Vb,
2.Ib and 2.III.b). As expected, it is clear that in none of
the solutions presented, investment in green
infrastructure reveals financial viability, which happens
because almost all the updated cash flows correspond
to costs. The negative peaks are associated with the
initial and final years, because of the installation and
the replacement costs, respectively.

Figure 4 – Non-cumulative updated cash flows of the financial analysis for the proposed scenarios of CE1

Figure 5 – Non-cumulative updated cash flows of the financial analysis for the proposed scenarios of CE2

5.2. Economic analysis
Through the analysis of Figures 6 and 7, for CE1 and
CE2 respectively, almost all green scenarios continue
to present negative cash flows throughout almost their
entire life cycle. Almost all the benefits are not annual,
but rather punctual. An initial peak in year 1 emerges
from positive flows that relate to the valuation of
properties due to aesthetic improvement and
increased sound insulation. Later in the life cycle,
another peak of positive cash flows is observed, which
refers to the saving made due to the extended life of
the materials of the roofs of the facades.
Finally, at the end of the life cycle of green
infrastructures, a negative peak in cash flows is

observed in all solutions, which again concerns the
cost of replacing the infrastructure (extensive green
roof scenario 1.IV and 2.II in the year 40 and the green
facades scenarios 1.Ia, 1.Ib, 2.Ia and 2.Ib in the year
50).
However, looking at the evolution of accumulated
updated cash flows from the economic analysis of
each proposed green scenario for each of the case
studies, the trend of cumulative cash flows is similar in
the two case studies. All scenarios show a decrease
of accumulated cash flows over time, however, the
scenarios of living facades (1.Ib, 1.Vb, 2.Ib and 2.II.b)
are the ones that present a smaller decrease evident.
Even so, almost all the solutions present economic
viability, because the benefits end up compensating
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the costs of the financial analysis with the valuation of
the properties due to the aesthetic improvement and
the sound insulation and the savings due to the

prolongation of the useful life of the materials,
excepting for the scene of interior living facade 1.Vb,
which presents an economic NPV of about -17,500 €.

Figure 6 – Non-cumulative updated cash flows of the economic analysis for the proposed scenarios of CE1

Figure 7 – Non-cumulative updated cash flows of the economic analysis for the proposed scenarios of CE2

5.3. Socioenvironmental analysis
Finally, the accumulated updated monetary flows of
the socioenvironmental analysis of the green
scenarios are presented in Figure 8 and Figure 9. In
both figures it is observed that there are scenarios that
continue to present a large part of the cash flows
during the period of negative analysis, except for the
positive peak of year 1, these being the scenarios of
living facades (1.Ib, 1.Vb , 2.Ib and 2.III.b) and the
green facade scenarios of the interior envelope (1.Va
and 2.II.a). It is concluded that the evolution of the
accumulated updated flows is similar to that verified in

the economic analysis, showing how significant are
the parameters considered in this analysis. It was
concluded that in CE1 the proposed green solution
that reaches higher values of accumulated cash flows
is the living walls solution applied outside (scenario
1.I.b). In CE2, the green solution which reaches by far
the highest cash flows is the extensive green roof
solution (scenario 2.II), significantly away from
accumulated cash flows reached by the remaining
scenarios. It is also observed that all the scenarios
present socio-environmental viability except for the
interior living scenario applied in CE1, scenario 1.V.b,
at the end of the analysis period.

Figure 8 – Non-cumulative updated cash flows of the socioenvironmental analysis for the proposed scenarios of CE1

Figure 9 – Non-cumulative updated cash flows of the socioenvironmental analysis for the proposed scenarios of CE2
8|
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5.4. Summary discussion
Table 4 shows the NPV of all the evaluated green
scenarios for each component of the feasibility
analysis, represented by a color scale according to
their order of magnitude and signal, so to facilitate the
interpretation of values. It should be noted that the
NPV presented in this table include all the costs and
benefits of all life cycle phases of the green systems
considered.
Table 4 – Green scenarios designed for evaluation
NPV

CS 2

CS 1

Scenario
Financial analysis
s
1.I.a
1.I.b
1.IV*
1.V.a
1.V.b
2.I.a
2.I.b
2.II*
2.III.a
2.III.b

Economic
analysis

Socioenvironmental

analysis
-165 707,93 €
350 085,03 €
377 120,94 €
-459 365,92 €
427 022,13 €
429 471,81 €
-94 993,79 €
197 302,39 €
205 755,16 €
-113 748,66 €
105 677,49 €
106 135,70 €
-315 327,46 €
-17 534,82 €
-17 076,61 €
-99 705,62 €
237 754,15 €
272 539,42 €
-276 398,14 €
313 280,74 €
398 963,64 €
-660 456,34 €
2 129306,69 €
2 377917,25 €
-30 894,70 €
122 629,98 €
122 754,43 €
-85 644,49 €
122 710,42 €
122 834,87 €
(a) Green facades scenarios
(b) Living Walls
scenarios
* Time horizon: 40 years

Growing NPV


NPV Negative

NPV Positive

The results obtained are coherent and prove to be
significantly positive, reflecting the viability of almost
all evaluated green scenarios (except scenario 1.V.b
which presents a socio-environmental NPV of around
-17 thousand euros). Generally, gains are made
between 106 135,70€ in CS1 (scenario 1.V.b) and
2 377 917,25€ in CS2 (scenario 2.II). The benefits
associated with greater value creation are aesthetic
improvement, increased sound insulation and
extended life.
The scenarios 1.I.a and 1.I.b of direct / indirect green
facades and living facades applied in the exterior
surroundings are those that introduce a greater social
and environmental value, thus generating at the end
of the analysis period of 50 a high benefit. The cost
difference between these two systems is around €
294 000€ and the cumulative gains of the living facade
are about 53 000€ higher than the direct / indirect
green facade. Still, in relative terms, the direct / indirect
green facade solution (1.Ia) generates accumulated
gains that are about 2,3 times higher than its costs, as
opposed to the living facade which gains are only
about 0,9 times higher than its costs. However, both
solutions have significant gains, so the decision to
choose a solution with the highest absolute gains or
the one that is most profitable depends on each type
of investor, its objective and its capital. It should be
noted that the pattern of these two scenarios is
repeated for the green facade and living wall scenarios
1.V.a and 1.V.b, where in this case the living wall
scenario (1.V.b) is even unfeasible. It is also observed
that the scenario with the higher NPV may not
represent the most viable scenario: as for example
scenario 1.Ib that has an NPV of around 430 000€,
higher than that of scenario 1.IV that presents a NPV
of around 206 000€, and however, extensive green
roof scenario 1.IV presents accumulated gains about
2,2 times higher than its costs, as opposed to scenario

1.I.b which shows cumulative gains of only 0,9 times
higher than its costs.
In CS2 the extensive green hedging scenario 2.II is
clearly the one that brings a greater social and
environmental value, which is why the scenario that
reaches higher NPV (about 2.4 million euros),
presented accumulated gains 3,6 times higher than its
costs. Still, the biggest gains in relation to its costs are
scenario 2.III.a (green direct/ indirect facede applied
inside), about 4,0 times higher, although with a
substantially lower NPV (around 123 thousand euros).
The scenarios of direct / indirect green facades (2.Ia
and 2.III.a) and living walls (2.Ib and 2.II.b) follow the
pattern recorded in the green vertical systems
scenarios applied in the CS1: the observed pattern of
the relation between green versus living facade and
described in the previous paragraph.
It is concluded that, for case 1, the scenarios with
greater viability are the direct/indirect green facade
1.I.a (accumulated gains of 2,3 times higher than
costs) and the scenario of extensive green coverage,
scenario 1.IV, with cumulative gains 2,2 times greater
than its costs. For case study 2, the scenarios of green
direct / indirect interior facade, scenario 2.III.a, with
cumulative gains of 4 times its costs, and the extensive
green cover, scenario 2.II, with cumulative gains of 3,6
times its costs.
5.5 Sensibility analysis
Like all feasibility studies, the present study has also
included a degree of uncertainty that can not be
eliminated, but only reduced, for example, by using
detailed market studies. In the present study, this
uncertainty assumes even greater significance
because the viability of the proposed green scenarios
evaluated is dependent on external factors and market
conditions that vary over time and which sometimes
do not reflect realistic predictions of their future
behavior. Sensitivity analyzes are performed on all the
parameters of the analysis, which identify the most
elastic parameters involved in the analysis, which,
consequently, are the ones that cause the greatest
impact on the NPV of each scenario under evaluation.
Subsequently, a variation of 10 and -10% is assigned
to each parameter considered in the cost-benefit
analysis for each evaluated solution.
With this sensitivity analysis it was concluded that, in
general, the most elastic parameters, which have most
influence in the NPV, are the valuation of the property
due to the aesthetic improvement and the valuation of
the property due to the sound insulation, being that for
the scenarios with viability change their value goes up
to 21% and 8%, respectively. The less elastic
parameters, in turn, are the benefit of air quality
improvement for the envelope and inflation rate used
for year 1. For the infeasible scenario 1.V.b, the only
parameters that made the NPV positive were the
valuation of the property due to the aesthetic
improvement and the cost of maintenance, that being
varied 10% affect the NPV of this scenario by 174%
and 115%, respectively.
Finally, all the evaluated parameters were varied
simultaneously, creating three different sensitivity
study scenarios: a base/ likely scenario and therefore
the most realistic, a pessimistic scenario, which
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integrates the most damaging simulations to the
project, and an optimistic scenario, with the most
beneficial variations which, in this way, increases the
NPV of the solutions. It should be noted that the
probability of these pessimistic scenarios occurring is
very low, since all the parameters would have to
contribute negatively to the socioenvironmental NPV,
however it is interesting to analyze these results.
Pessimistic

Base/Likely

Optimistic

Figure 10 - Socioenvironmental NPV for each scenario

From the analysis of Figure 10, it can be concluded
that all the scenarios that presented feasibility at the
end of the cost benefit analysis continue to be feasible
even in the pessimistic scenario. The only scenario
that did not present viability (1.V.b) is now viable in the
optimistic scenario in the sensitivity analysis. An
average variation of the socio-environmental NPV of
about
-22% is observed with the pessimistic scenarios and
of + 21% with the optimistic scenarios.
6. CONCLUSIONS
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