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In this paper, a comparison between a conventional flat roof and an intensive green roof was made. Emphasis was on thermal
conductivity of individual layers, the calculation of thermal resistance, and calculation of the thermal transmittance coefficient
through both roof variants. (e calculations for the two analysed roof variants were made for a building located in the town of
Rijeka on the Adriatic coast. (is paper also presents the construction technology comparison of the analysed roof variants. (e
construction cost was also analysed for both roof variants together with time needed for the execution of variant solutions. Finally,
maintenance plans for both roof variants were presented in this paper.(e results show that the construction costs of an intensive
green roof are higher than the construction costs of a conventional flat roof and that the maintenance of the intensive green roof is
more complex. On the other hand, the results of the analysis also show that constructing a green roof will result in more energy
savings in the long term than in the case of constructing a conventional flat roof. In addition, there are several other benefits that
go in favour of constructing an intensive green roof. Most prominent among those benefits are environmental and social benefits.

1. Introduction

New developments are often made at the expense of green
areas [1] and green roofs are a sustainable solution to
mitigate the effects of urbanization by replacing conven-
tional roofs with vegetation and soil [2].

Today, the world is increasingly paying attention to
sustainable construction due to increase in the consumption
of energy and resources. In terms of environment green
roofs are a better solution in comparison to conventional flat
roofs [3]. Green roofs are and will continue to be compo-
nents of construction that should not be overlooked [4].

Green roofs and green facades on buildings have been
known for hundreds of years, but today they are increasingly
attracting attention. More than 2,500 years ago, people built

green garden shaped roofs on the roofs of their dwellings
because they were aware of their insulation properties.
However, the actual revitalization of this ancient concept
was most clearly expressed by Friedrich Hundertwasser,
pointing out that anything that lies horizontally under the
open sky should belong to nature and that it should be
possible to breathe in forest air in the city [5].

Modern green roofs draw their basic idea and concept
from ancient builders; however, technological advancement
has made modern green roofs far more efficient, practical,
and more useful than their predecessors [6]. (e first
modern green roofs were constructed in Germany [6].
Recently, many countries (Sweden, Finland, Iceland, Den-
mark, and Norway) have seen a trend in the implementation
of green roofs [7]. Recently, the coverage of green roofs in
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Germany alone has increased by about 13.5 million m2 per
year, with green roof technology applied to about 10% of the
total number of buildings [6].

Not only are green roofs and green facades a solution for
the construction of new buildings but they can be an ex-
cellent solution for the reconstruction of existing buildings.
Different authors assess the durability of green roofs and
facades differently, ranging between 40 and 55 years [8]. As
expected, application of green roofs is shown to be most
suitable for buildings with reinforced concrete roof struc-
tures, as they can mostly withstand the additional burden
posed by a flat green roof, which is precisely one of the
obstacles to the application of green roofs [8].

Hidden oases on top of buildings around the world have
become commonplace, namely, in the form of green roofs,
by effectively using flat surfaces of buildings that have be-
come gardens [9]. Green roofs are also called eco roofs,
living roofs, or roof gardens, and they are basically roofs with
plants on the top layer, originally built to improve the energy
efficiency of buildings, but they also have many other ad-
vantages. In fact, their vegetation layer enables the photo-
synthesis process while their soil layer allows for the
absorption of precipitation, which often results in an im-
provement of water runoff quality [4].

Since irrigation of vegetation on green roofs is necessary,
notably during droughts, fog and dew water harvesting can
be the answer to water shortages and they have the potential
to be alternative water sources to urban water network
supply.(e productivity of fog harvesting is affected by wind
velocity and type, shape, and wettability of the harvesting
mesh, while the productivity of dew water harvesting along
with wind velocity is also affected by relative humidity and
dew condenser temperature [10].

Study [10] shows that fog harvesting mesh could increase
stormwater management, decrease noise and air pollution,
and create shaded areas to protect vegetation from direct
sunlight.

(e effect of urban heat island (UHI) explains why urban
areas have higher temperatures than rural areas. (e reason
for this lies in darker colours of the final layers of flat roofs of
buildings. Darker roofs absorb solar energy and can reach
temperatures much higher than the ambient temperature
[4]. (is has a negative impact on energy consumption
needed to cool down buildings. Rural areas are not exposed
to this issue because of the vegetation given that trees and
plants help control the temperature of the environment. (e
effect of urban heat island can be mitigated by the con-
struction of green roofs in urban environments.

According to one of the definitions, the green roof is any
open and vegetation planted area separated from the ground
by a building or other structure [5]. (ey can mainly be
divided into extensive and intensive green roofs [5, 9, 11]:

(1) Extensive green roofs are shallow and their soil
(growing medium) is usually of lower quality and
therefore they are only suitable for a limited number
of plant species and use low demanding roofs, lawns,
and gardens

(2) Intensive green roofs are often covered with high
quality soil and more suitable for growing all plant
species—high demanding roofs, lawns, and gardens

(e thickness of the growing medium or substrate layer,
amounting to about 30 cm, is considered to be crucial for
this classification [7]. Extensive green roofs are lower priced
with a limited choice of plants and a relatively thin layer of
substrate and are designed to be almost self-sustaining and
require minimum maintenance [12].

On an intensive green roof, however, various plant
species can be planted [9]. Intensive green roofs require
sufficient substrate depth and skilled workers for mainte-
nance and irrigation. (ey are usually considered as roof
gardens [12].

Extensive green roofs are lighter and suitable for large
area roofs and the construction process itself is technically
simple and allows application even on sloped roofs but the
potential to improve energy performance and stormwater
systems is relatively small [4].

Intensive green roofs enable the planting of different
species and greater biodiversity, while creating additional
space for different purposes on the building. Contrary to
extensive green roofs, they have greater potential to improve
energy performance and stormwater systems [4]. (eir
disadvantage is a higher construction cost and potential
issues with the load bearing capacity structure on existing
buildings.

Taking into account the extreme environment on roofs,
the expected favourable vegetation characteristics for ex-
tensive green roofs are [6]

(1) Ability to withstand the conditions of dry periods
(2) Survive with a minimal amount of nutrients
(3) Possibility of a good ground cover
(4) As little maintenance as possible required
(5) Rapid plant propagation
(6) Short, soft, and noninvasive roots
(7) Phytoremediation (the ability of green plants to

secrete and concentrate certain elements in the
ecosystem, soil cleaning process)

Since green roofs have a positive effect on the reduction
of indoor noise levels—although this has not yet been
sufficiently researched, experts recommend constructing
green roofs to the maximum extent possible within and
around airports, factories, large garages, hospitals, schools,
kinder gardens, shopping malls, and all locations where
silence and temperature balance are applied as the main
requirements. Green roofs can be constructed on any flat
roof with proper waterproofing [9]. Out of all roofs with
waterproofing in Croatia, only about 5% of them have green
roofs, but the situation is improving because construction of
green roofs has started on private houses and not only on
hotels and shopping malls as was the case in the past [9].

Intensive green roof, type of green roof analysed in this
paper, produces lower heat gain and loss and has better
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thermal performance due to the thicker level of substrate [4].
In addition, they also provide users an open, accessible space
and a green environment within the building [12].

(e aim and objective of this paper was to compare
energy characteristics and cost and time estimate of the
construction of a conventional flat and an intensive green
roof by analysing characteristics and layers of both roofs
located in the same climate and with the same surface area.
Calculations were focused on thermal resistance and thermal
transmittance coefficient through the building part. (e
analysis was intended to show the economic terms of
construction, the construction time, and maintenance ac-
tivities needed for both roof variants.

2. Literature Review of Conventional Flat Roofs
and Green Roofs

A conventional flat roof is a structure composed of a series of
layers of different materials and functions, which protect the
underlying structure from water damage in addition to
serving as a roof deck. External influence which presents the
greatest risk to flat roof layers is moisture from rainwater
[13]. In order to ensure rainwater drainage, flat roofs are
designed and constructed with a slope from −5° to 5° [14].

Other external factors that can lead to damage or de-
struction of layers include snow and ice. Sudden changes in
temperature during summer can cause small cracks in the
material, ultraviolet rays can damage materials over time,
and insolation and temperature oscillations (annual and
daily differences) can cause additional stress in the roof
structure. Internal factors include captured moisture
(moisture generated during construction) which can also
have an important impact, so care must be taken to ensure
that it evaporates [15]. Flat roofs can be accessible to users
(walk-through) or not accessible to users except for main-
tenance operations [14].

Regarding the arrangement of layers, they can be clas-
sified as single unirradiated (warm) roofs or double irra-
diated (cold) roofs. Single unirradiated (warm) roofs are
composed of several layers laid on top of each other, and the
position of the layers in the structure can be conventional,
where all roof layers are protected by a final waterproofing
layer [15] or inverted where the waterproofing layer lies
beneath the thermal insulation. (us, thermal insulation
protects the waterproofing layer from expansion and con-
traction due to weather fluctuations (frost or solar radiation)
and from damage caused by user foot traffic [16]. Double
irradiated (cold) roofs are also composed of several layers
laid on top of each other and the top layer is separated by
irradiated space from other layers. (e air space must be
transversely ventilated with inlet and outlet openings. Cold
roofs are seldom constructed due to being uneconomical
and mainly in cases of increased insolation and higher in-
door air humidity (>80%) [15].

Since flat roof is the most exposed part of the building, all
layers placed on the load bearing structure of a flat roof have
a vital role to protect and secure the integrity of the rest of
the building [13].

Sloped concrete is a layer of lightweight concrete per-
formed to achieve the required slope of the roof surface for
the purpose of rainwater runoff. (is layer is not needed
when the load bearing structure is already inclined. Vapour
barrier is a layer that prevents the penetration of water
vapour through the load bearing structure into the thermal
insulation layer and through to the waterproofing layer. (e
role of the thermal insulation is to reduce heat loss through
the roof of the building during winter and to ensure the
thermal stability of the roof in the summer. It also ensures
the stationary of the diffusion flow of water vapour and
reduces the thermal work of the load bearing roof structure.
To prevent penetration of water in other layers of the roof
and spaces below, a layer of waterproofing is placed and is
usually made of synthetic, bituminous, and mineral mate-
rials. A protective layer is placed to protect the waterproofing
layer from mechanical action and from the effects of in-
solation and thermal oscillations. (e choice of a protective
layer depends on whether the roof is a walk-through. If it is
not a walk-through roof, the protective layer is most often
applied with a pebble embankment (mechanical and inso-
lation protection) or with protective coatings which do not
provide mechanical protection. On the other hand, on walk-
through roofs it is necessary to construct surfaces that, in
addition to allowing movement, also protect other layers of
the flat roof. (e protective layer of the walk-through roof
can be made of stone or ceramic tiles or cast asphalt [15].

Green roof is an open space covered in soil and vege-
tation at the building rooftop. Buildings have negative effects
on local ecosystems and with installing green roofs to roof
surfaces those negative effects such as carbon emissions and
habitat reduction for plants and animals (reduction in
biodiversity) can be alleviated while also reducing energy
consumption of a building [17].

Green roofs can be generally classified as extensive, semi-
intensive, and intensive [6].

Extensive green roofs do not greatly affect the load-
bearing capacity of the structure given that they are char-
acterized with a thin layer of substrate (less than 15 cm) and
have little demands as far as maintenance [6] and the
vegetation that grow on them. Given their thin substrate
layer they are suitable for installation on both new and
retrofitted buildings [3].

Extensive roofs can accommodate only a limited type of
vegetation such as grass, moss, sedum, meadow plants and
herbs, and succulents because of the thin layer of substrate
[6]. (ey are not designed for walking but can be walked on
for the purpose of maintaining the roof [18].

Semi-intensive green roofs are characterized with a fairly
thick substrate layer (20–30 cm) and are in need of frequent
maintenance and can hold small plants and shrubs as well as
grass [6].

Intensive green roofs (type of green roof analysed in this
paper) have greater weight and are characterized with a thick
substrate layer (20–200 cm). (ey need additional structural
support due to the increased load [3] and drainage and
irrigation systems increase the technical complexity and
costs but on the other hand they offer better insulation and
energy performance as well as enhancing storm water

Journal of Engineering 3

 3962, 2021, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/2021/5559467 by U

niversity O
sijek, W

iley O
nline L

ibrary on [04/12/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



management [4]. (ey can accommodate a variety of plants
including shrubs and small trees due to the substrate layer
thickness but they also require maintenance such as fertil-
izing, weeding, and watering [6]. Construction and instal-
lation of green roofs is a significant investment, but the cost
varies depending on the green roof type. (e cost of an
intensive green roof is greater than the cost of a semi-in-
tensive or an extensive roof. Extensive green roofs are
prevalent for the sake of weight restrictions, costs, and
maintenance of a building [6]. (e construction of these
types of roofs is technically simple and can be done on
sloped roofs. (ey are fitting for sizable rooftops but their
energy performance and storm water management poten-
tials are low [4].

Green roofs are constructed with layers that enable
vegetation growth and also provide protection to other roof
layers [19]. Each layer affects the results of a green roof so
they need to be selected appropriately in order to achieve the
best outcome and results [7]. Components of a typical green
roof are vegetation layer, growing medium (substrate),
drainage-retention layer, membrane layer, which serves as a
filter, and waterproofing layer [12] and in certain variants
thermal insulation is also integrated [20]. Other layers,
namely, the root barrier for protecting the waterproofing
layer from plant roots and the irrigation system, are gen-
erally needed [4].

Vegetation is the topmost layer of the green roofs [6].
Apart from the aesthetic attributes, vegetation improves
runoff quality [21], air quality [22], and thermal perfor-
mance [23].

Experimental study [24] analysed various thermal im-
pacts and water consumption of extensive green roofs in the
Mediterranean climate. (e results of the study showed that
the fluctuations in temperature of a green roof decrease and
that green roofs moderate the temperature of the roof
surface especially during summer. Furthermore, study
showed that green roofs aid in decreasing heat and electricity
consumption during summer and winter months.

In choosing vegetation, location, precipitation intensity,
humidity, wind, and sun exposure should all be taken into
account [7]. Growing medium has an essential influence on
vegetation growth and green roof performance [6] by
providing support, nutrients, air, and water to vegetation
[20]. Depending on the type of chosen vegetation, the
substrate content varies. Percentage of organic content in
substrate is higher for intensive green roofs than for ex-
tensive green roofs [12, 25]. Substrate needs to have an
appropriate balance between weight, nutrients, thickness,
and durability [12]. Substrate weight needs to be kept as low
as possible, particularly in older buildings which were not
constructed to house green roofs [6]. (e filter layer sepa-
rates the substrate from the drainage layer and prevents fine
particles of the substrate from entering the drainage layer
while upholding the integrity of the substrate and vegetation
[20]. Drainage-retention layer offers a balance between air
and water and it protects the waterproof membrane and
improves thermal properties [6]. Furthermore, it manages
water runoff and regulates retention and excess water

drainage [20]. Waterproofing layer is vital because the wet
soil and a high moisture content enhance the possibility of
roof leakage [7]. If the waterproofing layer contains bitumen,
asphalt, or organic materials there needs to be a root pro-
tection barrier [26]. Root barrier protects the structure of
green roofs from vegetation roots as the perforation of the
waterproofing membrane is avoided; hence this layer is
significant in intensive green roofs [7, 12].

Green roofs improve the sustainability performance of
the built environment [3], especially in highly urbanized
cities where green space is sparse or even nonexistent [1].
Compared to the conventional flat roofs, green roofs are
more aesthetically appealing [6] and provide numerous
economic, social, and environmental benefits.(ose benefits
are in line with the triple-bottom-line of the sustainability of
green roofs. (e main economic benefits of green roofs,
despite being short-term inefficient in comparison to con-
ventional flat roofs, include long-term savings in energy
consumption (due to better thermal performance and re-
duction in cooling and heating demand in summer and
winter), competitive life cycle costs (due to longer roof life),
increases in facility values, and increases in building useable
areas [3].

Green roofs add to the thermal insulation of roofs and
reduce the transmission of heat in and out of the building
which leads to energy savings. Various studies confirmed the
cooling effect of the green roofs and their ability to reduce
peak air temperature by an average of 3°C and reduce peak
surface temperature by an average of 17°C. Reduction of
surface temperature depends on climate conditions and the
season with green roofs being most effective during the
summer months [27].

Study [28] showed that in Italy, in the Mediterranean
climate, green roofs reduce peak surface temperature by
20–30°C during summer and only 10–13°C during winter
months. Furthermore, the reduction in temperature is
highest when the weather is sunny but less so when the
weather is cloudy or rainy [27].

Green roofs can provide a space that can be used for
recreational activities and human interaction hence pro-
viding psychological and social benefits which is particularly
significant in developed urban centres [7] and consequently
adds to the value of the building.

(ere are numerous environmental benefits of green
roofs, primarily stormwater management enhancement [3],
thermal benefits, improved water and air quality, decreased
noise pollution, extended roof life, aiding in restoring
biodiversity, reduced heat island effect, and increased green
space in urban environments [1].

Studies [29, 30] have shown that green roofs have a
positive influence on the indoor thermal comfort levels and
moderating roof temperatures. Green roofs lower the indoor
temperatures in the summer and raise them during winter
which leads to improving comfort levels for building oc-
cupants and saves on using HVAC system which then re-
duces CO2 emissions. Other benefits also work in favour of
green roof construction. In addition to already mentioned
benefits of creating biodiversity and green space in highly
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urbanized cities, improved water and air quality, decreased
noise pollution, and extended roof life one other major
benefit is the reduction of the urban heat island effect.

Urban heat island (UHI) effect represents the difference
in temperature between cities (higher temperatures) and the
suburban and rural areas that directly surround them [31].
(e main cause of UHI is urbanization and as a result
decreased vegetation and evapotranspiration, increase in
dark surfaces with low reflection of incoming radiation away
from a surface, and increased anthropogenic heat produc-
tion [32]. Green roofs can helpmitigate the urban heat island
effect by increasing vegetation with sufficient soil moisture
for evapotranspiration and by increasing the reflection of
incoming radiation away from a surface [17].

Green roofs reduce the risk of flooding by retaining
rainwater and delaying peak flow. Substrate and vegetation
will absorb and take up some of the rainwater and the rest of
the water will enter the drainage layer where water will be
detained. After the drainage space is filled the overflow will
drain and the remaining retained water will be used by plants
and vegetation or it will evaporate, which explains the runoff
retention potential of green roofs. Substrate type and
thickness, drainage element type and its capacity for storage,
vegetation type and coverage, volume of rain event and time
of previous dry period, and the slope of the roof all have an
effect on the retention potential [6]. Green roofs reduce the
variation of indoor temperature and decrease energy con-
sumption [4]. Furthermore, substrate acts as the roofs added
insulation [6]. Green roofs buffer acidic rain thus producing
good quality stormwater runoff [6, 33].

During dry periods, especially in the summer, green
roofs need water for irrigation. (e amount of water con-
sumption is affected by type of a green roof, type of climate,
rainfall, type of vegetation, temperature, and humidity.
Harvesting of rainwater and fog/dew water harvesting can be
used to meet the irrigation needs of a green roof for the
purpose of reducing the amount of water consumed from
the water supply network [10].

Moisture capture in fog harvesting arises from direct
contact with the surface and thus an efficient water removal
is a determining factor for the performance of harvesting
moisture. Moisture capture in dew harvesting is driven by
the nucleation energy barrier to condensation on each
surface, which is greatly influenced by the wettability of the
surface where performance of harvesting moisture is better
in more wettable surface [34].

Study [35] showed green roofs can also reduce noises
from traffic. Green roofs aid in restoring biodiversity by
offering a place for birds, insects, and plants. Air quality is
improved as well by purifying the air from smog and holding
of a number of polluting air particles and gases [6, 36].
Environmental benefits of green roofs are observed in new
highly insulated buildings as well as retrofitted buildings
where those benefits are even greater [4].

However, there are some shortcomings of green roofs.
Green roof components are mostly made of polymer ma-
terials which are not environmentally friendly and cause
pollution [7]. (e disposal of these materials also causes
environmental concern and extra costs, such as dismantling
and transport to landfill [3].

Maintenance is an important part of the building’s life
cycle.(e aim is to carry out as little maintenance as possible
and as infrequently as possible but also ensuring and pre-
serving the availability of service facilities and building el-
ements as well as the whole building [37].

(e objectives of buildingmaintenance are to ensure that
the buildings and their associated services are in a safe
condition and that the buildings are fit for use, to ensure that
the condition of the building meets all statutory require-
ments, to carry out the maintenance work necessary to
maintain the value of physical assets of the building stock,
and to carry out the work necessary to maintain the quality
of the building [37, 38].

(e various types of maintenance are preventive main-
tenance, scheduled maintenance, corrective maintenance,
condition-based maintenance, emergency/unforeseen main-
tenance, predictive maintenance, deferred maintenance, and
on-site/off-site maintenance [38, 39].

Preventivemaintenance is performed in accordance with
a predetermined maintenance plan created for each roof
layer and their service life prediction (SLP) and it should be
carried out regularly at fixed intervals [20]. (e preventive
maintenance activities are conducted to keep the facility in a
desired state of repair [40]. Furthermore, by performing
these activities, the probability of occurrence of failure is
reduced and future sudden failure is avoided [37]. Reactive
maintenance activities include replacement or repair of an
element that has failed and cannot perform its required
function. (ere is a large number of those activities and they
are hard to predict because it is almost impossible to an-
ticipate all possible failures [38].

(e biggest challenge in maintenance is to determine the
most appropriate maintenance strategy [41]. In order to
secure sufficient performance and minimize costs, activities
performed during the service life of the building should be
chosen with care [20]. (e performance of roofs relies on
periodic monitoring, regular maintenance, and appropriate
quality of roof materials [14, 42].

Conventional flat roofs require minimal maintenance if
constructed properly and regular inspection and mainte-
nance can extend the life of the roof.

Flat roofs are more inclined to degradation than pitched
roofs because the lower slopes can cause water related
problems. Poor maintenance coupled with the fact that roofs
are exposed to all kinds of weather conditions has an im-
mense influence on the durability of roofs thus reducing
their service life. (erefore, roofs should be checked twice a
year, taking note of any effects of seasonal change. Any small
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issues developing before they become a larger problem
should be spotted and repaired in order to ensure that all the
roof elements meet the functional requirements [14].

Roof inspection is a human activity; therefore keeping a
photographic record of the state of the roof’s top layer is
beneficial to see the changes in condition over a certain
period [43].

Apart from the top protection layer—ceramic tiles, all
other layers are inaccessible and thus the inspection of each
individual layer and damage detection is difficult, almost
impossible [15].

(e most vulnerable element to degradation is the wa-
terproofing layer [14]. Unfortunately, the damage to this
layer is only noticeable when water has penetrated through
all the layers of the roof and begins to moisten the inner
surface of the ceiling. (e exact place of water penetration
through the waterproofing layer is almost impossible to
determine. By going through the waterproofing layer water
moistens the thermal insulation layer and consequently
moistens the thermal insulation layer and reduces its
intended role and causes problems with the drying of this
layer after the repair of the waterproofing layer. (e ap-
pearance of internal fungi and mould on inner surfaces of
the border parts of the roof is the result of insufficient
thermal insulation of the roof in those areas (thermal
bridges). (e problem can be solved by adding thermal
insulation to those areas because this procedure does not
require too much investment [15].

In order to secure a long life for any roof system in-
spections should be conducted twice a year andmaintenance
plan needs to be created [44].

Green roofs necessitate regular maintenance throughout
their lifecycle [7]. Preventive maintenance like regular
cleaning, repairs, or replacements will enhance the perfor-
mance of green roofs [20].

Despite the common belief that they do not need regular
irrigation or fertilizing to achieve maximum benefits, green
roofs do in fact require watering and fertilization and fur-
thermore, the vegetation, drainage, and substrate should be
checked regularly [7].

(e intensity of the required maintenance depends on
the green roof type. Maintenance is minimal in the case of
extensive roofs, where it is needed once or twice a year in the
form of weeding, cleaning of the drainage system from
debris, maintaining the irrigation system, and replacing
plants if needed and invasive weeds must also be removed.
Compared to the semi-intensive or extensive green roof
types, maintenance of the intensive green roofs will increase
and will entail pruning, disease, insect, and weed prevention
or eradication, mowing, fertilizing, etc. [45]. Visual in-
spections are important to diagnose visible anomalies, for
example, possible vegetation infestation or drainage system
obstructions. Layers that cannot be visually inspected re-
quire other techniques, such as measuring superficial tem-
peratures and moisture which indirectly informs on inner
anomalies [20].

3. Methodology

In this paper, two variants of roof structures, conventional
flat roof and intensive green roof, were analysed. (e data
used for the analysis and comparison of these two roofs are
the cost and time estimate data for a building under con-
struction. Calculations were made for a building located in
the town of Rijeka on the Adriatic coast. (e average
monthly outdoor air temperature of the coldest month in the
location in question according to meteorological data for the
nearest climatically relevant meteorological station is higher
than 3°C (Croatian costal climate zone), and the designed
internal heating temperature is higher than 18°C, where
designed internal heating temperature for residential units is
20°C during the heating season. An analysis of the com-
ponents of both roofs was made, with an emphasis on
thermal conductivity of individual layers, the calculation of
thermal resistance, and calculation of the thermal trans-
mittance coefficient through the building part. It was also
analysed which roof is more economically viable in the stage
of the construction. Intensive roof is the type of green roof
chosen for the analysis.

(e advantages of a green roof in relation to a con-
ventional flat roof in terms of environmental and social
benefits are also presented. Characteristics of green and
conventional flat roofs are described, with particular at-
tention paid to the characteristics of green roofs. Mainte-
nance of both roof variants was analysed and a maintenance
plan for each green roof layer and its service life prediction is
shown.

3.1. Construction Technology of the Analysed Roof Variants.
(e two variants of roofs analysed in this paper, conven-
tional flat roof and an intensive green roof, are set on a roof
deck with a surface area of 550m2.

Roof layers of both variants are performed on a load
bearing structure and a layer of sloped lightweight concrete
base with the upper surface area incline of 2%, exposure class
XC2, concrete class C30/37, with a reinforced mesh B 500 B,
Q-28. It ensures the inclination of the roof surface towards
the areas for storm water runoff (water catchments) and it is
installed by using a concrete pump. Sloped lightweight is laid
within the parapet so there is no need for formwork in-
stallation. After the concrete is pumped, it needs to be
smoothed and prepared for installation of roof layers. Va-
pour barrier, thermal insulation, and waterproofing layers
are set on a sloped lightweight concrete base in both analyses
roof variants (highlighted grey in Table 1). Layers placed
above them differ in both variants.

Figures 1 and 2 show the layers of the conventional flat
roof and the intensive green roof.

Table 1 shows the layers, thickness, and characteristics of
a conventional flat roof and an intensive green roof.

Vapour barrier prevents the penetration of water vapour
from the building through the load bearing structure into the
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thermal insulation layer through to the waterproofing and
thus prevents or minimizes the permissible wetting of
thermal insulation and the possibility of damage to thermal
insulation and waterproofing layer. Vapour barrier, a layer
of polymer modified bitumen insulation strips with an Al
foil insert, is placed on the smooth and dry concrete surface.
(ermal insulation layer reduces heat loss through the roof
of the building during winter; it ensures the thermal stability
of the roof during summer, ensures the stationary diffusion
flow of water vapour, and reduces the thermal performance
of the load bearing roof structure. (ermal insulation is a
layer of foam glass in hot bitumen on which a layer of flexible
waterproofing tape made of ECB (ethylene polymer bitu-
men) 2mm thick is placed.Waterproofing layer is a one-piece
waterproof membrane whose basic function is to protect all
the layers of the roof. Foam glass and waterproofing are then
welded to each other with hot air on the overlaps of at least
5 cm and raised at least 30 cm against the parapet.

In the case of a conventional flat roof, on top of the
waterproofing layer a filter layer of geotextile with a
thickness of 0.3 cm is installed to separate the final layer of
waterproofing from the final roof tiling. Ceramic tiles placed
on standard pads serve as a final and protective layer.

In the case of an intensive green roof, since water-
proofing contains bitumen, which is an organic material, a
filter layer with root protection is added to it. It is an
elastomeric strip based on EPDM 2.5mm thick, reinforced
with glass cloth that has a self-adhesive layer with a sepa-
rating foil on the underside.(e width of the strip is 1m and
the fold and the weld must be welded at a 5 cm width. (e
drainage-accumulation layer is used for drainage and
storage of a part of the excess water that is filtered from the

Table 1: Conventional flat and intensive green roof layers (placed on a load bearing structure) characteristics and thickness (the table is
structured by authors upon data collected from cost estimate for the building under construction).

Conventional flat roof Intensive green roof

Layer (ickness
(m) Material Layer (ickness

(m) Material

VI Ceramic tiles 0.02 Ceramic tiles placed on
standard pads

VIb Vegetation Shrubs

VIa Growing
medium 0.4 Substrate

V Filter layer 0.003

Geotextile V Filter layer 0.005 Geotextile filter layer SF 100 g/
mS

ƍ� 500 g/mS
IVb Drainage-

accumulation 0.06 Accumulation cups filled with a
dedicated mix

IVa Root protection 0.0025 Filter layer (with protection
from roots)

IV Waterproofing 0.002 ECB-based polymeric
waterproofing tape IV Waterproofing 0.002 ECB-based polymeric

waterproofing tape

III (ermal
insulation 0.18 Foam glass in hot bitumen III (ermal

insulation 0.18 Foam glass in hot bitumen

II Vapour barrier 0.01 Synthetic felt geotextile II Vapour barrier 0.01 Synthetic felt geotextile

I Lightweight
concrete 0.13

Upper surface area incline of
2%, exposure class XC2,

concrete class C30/37, with a
reinforced mesh B 500 B, Q-28

I Lightweight
concrete 0.13

Upper surface area incline of
2%, exposure class XC2,

concrete class C30/37, with a
reinforced mesh B 500 B, Q-28

Load bearing
structure 0.30 Reinforced concrete Load bearing

structure 0.30 Reinforced concrete

VI
V
IV
III
II
I

Ceramic tiles, d = 2cm
Geotextile, d = 0.3cm
Waterproofing, d = 0.2cm
�ermal insulation, d = 18cm
Vapour barrier, d = 1cm

Load bearing structure, d = 30cm
Lightweight concrete, d = 13cm

Figure 1: Conventional flat roof layers (the figure is created by
authors upon data collected from cost estimate for the building
under construction).

VIb

VIa

VI
IVb
IVa
IV
III
II
I

Load bearing structure, d = 30cm

Vegetation

Growing medium, d = 40cm

Filter, d = 0.5cm
Drainage-accumulation, d = 6cm
Root protection, d = 0.25cm
Waterproofing, d = 0.2cm
�ermal insulation, d = 18cm
Vapour barrier, d = 1cm
Lightweight concrete, d = 13cm

Figure 2: Intensive green roof layers (the figure is created by
authors upon data collected from cost estimate for the building
under construction).
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substrate and it consists of accumulation cups 60mm high,
filled with a special mixture aggregate. Next, a filter layer of a
5mm thick SF geotextile with good water permeability and
resistance to rooting and sealing with small particles that are
filtered from the substrate is placed. A layer of fertile sub-
strate approximately 40 cm thick is placed on the filter layer.
Substrate is a mixture of organic and inorganic components.
It is permeable and retains moisture and air with a gran-
ulation of 0.06–16mm. Vegetation is then planted, and the
terrain is levelled and abundantly watered. An average of 1,5
shrubs were planted per m2, including Lavandula latifolia,
Rosmarinus officinalis, Viburnum tinus, Calluna vulgaris,
Cotoneaster danmeri, Santolina chamayparissus, Santolina
virens, and Erica verticillata.

(e critical path method (CPM) is used to compare the
time required for construction of both analysed roof vari-
ants. Critical path method is a tool used in project man-
agement for scheduling a set of project activities in planning
and controlling all types of projects. It is an approach to
project scheduling that breaks the project into several work
tasks (activities), displays them in a flow chart, and then
calculates the project duration based on estimated durations
for each task. CPM is used to calculate operation parameters
including earliest starting time, latest starting time, earliest
finish time, latest finish time, maximum available time, and
slack time. In many construction projects, delays may occur
and, to ensure successful project performance, critical ac-
tivities need to be defined. CPM defines activities on the
critical path (critical activities, timewise) which is deter-
mined by identifying the longest stretch of dependent ac-
tivities and measuring the time required to complete them
from start to finish. Any delay in the critical activities delays
the project completion overall time and the project should be
managed to avoid delays in any of these activities [46]. Gantt
chart is used to illustrate project activities. Gantt charts for
conventional flat roof and intensive green roof were created
using the Microsoft Office Project.

4. Results and Discussion

4.1. Construction Time Estimate Data of the Analysed Roof
Variants. (e critical path method (CPM) was used to
compare the time required for the construction of analysed
roof variants.

Figures 3 and 4 show Gantt charts for the conventional
flat roof and intensive green roof analysed in this paper,
respectively.

Gantt charts (Figures 3 and 4) show that the total
construction time of a conventional flat roof is 18 days, and
total construction time of a green roof is 23 days.

Time needed for execution of activities for the con-
struction of lightweight sloped concrete layer, vapour barrier
layer, thermal insulation layer, and waterproofing layer,
which are the same for both variants of the roof, is 10 days.
(ese activities include reinforcement mesh installation,
concrete laying, synthetic felt geotextile installation, foam
glass in hot bitumen installation, and ECB-based polymeric
waterproofing tape installation.

Layers above the waterproofing are different in both
analysed roof variants and their construction time differs.
After the installation of the waterproofing layer of a con-
ventional flat roof is finished, the duration of the geotextile
instalment is one day, and the duration of the ceramic tiles
installation is seven days. (ese activities are performed in a
total of eight days. In the case of the green roof, after the
installation of waterproofing, the activities for installation of
the filter layer with protection from roots, installation of
accumulation cups and filling of accumulation cups with a
dedicated mix, installation of geotextile filter, substrate in-
stallation, and vegetation planting are performed. (e du-
ration of these activities is a total of 13 days. (e connection
between all activities is finish-to-start (FS) because the in-
stallation of each subsequent layer can start only when the
installation of the previous one is completed; i.e., the ac-
tivities are dependent. When installing the vapour barrier
layer, for the activity of the synthetic felt geotextile instal-
lation, a lag time of three days is applied for the drying of
concrete laid in the previous activity.

For the analysed roof variants, the construction time of
an intensive green roof is five days longer than the con-
struction time of a conventional flat roof. Since the analysed
construction activities include only the construction of
roofs, and not the construction activities of the whole
building, all activities are critical because they are interde-
pendent, and consequently any delays of any activities will
delay the project completion overall time.

4.2. Energy Characteristics of the Analysed Roof Variants.
(ermal transmittance coefficient (U (W/(m2K))) is calcu-
lated for opaque building parts according to HRN EN ISO
6946: 2008 [41].

(e maximum allowed value of the thermal transmit-
tance coefficient for flat and sloped roofs above the heated
space for the analysed building according to [41] is 0.3W/
m2K, given the average monthly outdoor air temperature of
the coldest month at the location in question is higher than
3°C (according to meteorological data for the nearest cli-
matically relevant meteorological station) and that the
designed internal heating temperature is higher than 18°C.
Tables 2 and 3 show the values of thermal conductivity and
thermal resistance and the thickness of each layer of the
analysed conventional flat and intensive green roof.

(ermal resistance of each layer is expressed by

R �
d

λ
. (1)

R (m2K/W) is the thermal resistance of a layer, d (m) is
the layer thickness, and λ (W/mK) is the thermal conduc-
tivity. (ermal resistance is correlated with the thickness of
the layer through which the heat passes and is inversely
proportional to thermal conductivity.

(ermal transmittance coefficient U (W/(m2K)) is
expressed by

U �
1

RT

. (2)
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Table 2:(ermal resistance of layers of a conventional flat roof (the table is structured by authors upon data collected from cost estimate for
the building under construction).

Material type (ickness (ermal conductivity (ermal resistance
d (m) λ (W/mK) R (m2K/W)

Ceramic tiles 0.02 1.3 0.02
Geotextile 0.003 0.19 0.02
ECB-based polymeric waterproofing tape 0.002 0.26 0.01
(ermal insulation, foam glass in hot bitumen 0.18 0.045 4.00
Synthetic felt geotextile, vapour barrier 0.01 0.19 0.05
Lightweight concrete 0.13 0.55 0.24
Reinforced concrete (roof deck) 0.30 2.6 0.12

Table 3:(ermal resistance of layers of an intensive green roof (the table is structured by authors upon data collected from cost estimate for
the building under construction).

Material type (ickness (ermal conductivity (ermal resistance
d (m) λ (W/mK) R (m2K/W)

Substrate 0.4 0.27 1.48
Geotextile filter layer SF 100 g/m2 0.005 0.2 0.03
Accumulation cups filled with a dedicated mix 0.06 0.13 0.46
Filter layer (with protection from roots) 0.0025 0.2 0.01
ECB-based polymeric waterproofing tape 0.002 0.26 0.01
(ermal insulation, foam glass in hot bitumen 0.18 0.045 4.00
Synthetic felt geotextile, vapour barrier 0.01 0.19 0.05
Lightweight concrete 0.13 0.55 0.24
Roof deck 0.30 2.6 0.12

Figure 3: Conventional flat roof Gantt chart (the figure is created by authors upon data collected from cost estimate for the building under
construction).

Figure 4: Intensive green roof Gantt chart (the figure is created by authors upon data collected from cost estimate for the building under
construction).
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RT (m2K/W) is the total resistance to heat transfer
through the bulkhead and is expressed by

RT � Rsi + Rn + Rse. (3)

Rsi (m2K/W) is the internal surface resistance to heat
transfer, Rn (m2K/W) is the sum of the resistance of all
layers, and Rse (m2K/W) is the external surface resistance to
heat transfer.

Tables 4 and 5 show the values of thermal transmittance
coefficient for conventional and green roofs. Both roof
variants meet the minimum thermal protection and the
maximum allowed values of the thermal transmittance
coefficient.

In this analysis, both values of the thermal transmittance
coefficients for the two analysed roof variants meet the
required value of amounting less than 0.3W/m2K [41] which
is maximum allowed. (e calculated value of thermal
transmittance coefficient is 0.22W/(m2K) for the analysed
conventional flat roof and 0.15W/(m2K) for the analysed
intensive green roof. By comparing the calculated values of
the thermal transmittance coefficient as a main parameter
for describing the thermal performance properties of
building’s external envelope, it can be concluded that the
construction of an intensive green roof will lead to energy
savings. All layers from the roof deck up for both analysed
roof variants were considered in the calculation for the
purpose of comparing the roofs.

According to [40, 41], thermal transmittance coefficient
calculation for roofs takes into account only the layers which
are on the side of the room up to and including the wa-
terproofing layer; therefore thermal properties of layers
placed above the waterproofing layer have no influence on
the value of thermal transmittance coefficient. Furthermore,
it is necessary to conduct further research on the impact of
green roofs on energy benefits.

Since the thermal transmittance coefficient (U) is a main
parameter for describing the thermal performance prop-
erties of building’s external envelope, by comparing the
calculated U-values for the two roof variants it is concluded
that the construction of an intensive green roof will lead to
more energy savings than the construction of a conventional
flat roof.

If damage is not addressed in time bigger damage may
occur which can cause higher repair costs and might reduce
the functionality and safety of the building.

In addition, according to literature, the mitigation of the
urban heat island effect is one of themost prominent benefits
of the construction of green roofs. Numerous analyses found
in literature also show that green roofs, in comparison to
conventional flat roofs, contribute to the preservation of the
environment and have numerous environmental benefits
and affect the life of users in a positive way and also add to
the value of the building which is worth taking into account.

In the study [47] building energy use was simulated and a
bottom-up LCA was conducted assuming a 50-year building
life. (e key property of a green roof is its low solar ab-
sorptance, which causes lower surface temperature, thereby
reducing the heat flux through the roof [47]. Savings in

annual energy use are just over 1%, but summer cooling load
is reduced by over 6% and reductions in peak hour cooling
load in the upper floors reach 25% [47]. (is study showed
that, by replacing the common flat roof with a green roof,
environmental impacts are reduced by between 1.0 and 5.3%
[47]. (is study [47] also revealed how the highest envi-
ronmental impacts are associated with the use phase and
this phase accounts for more than 50% of the total envi-
ronmental impact. Comparative analysis studies between
green roofs and conventional roofs indicated the green
roofs as sustainable options over conventional roofs and
encourage the use of recycled materials in green roofs as a
sustainable option for construction [48]. Study [49] shows
how green roofs can reduce atmospheric pollution from
35% to 100% where intensive green roofs, like the one
presented in this study, would help mitigate the environ-
mental impacts more than extensive green roofs or con-
ventional flat roofs.

4.3. Construction Costs Comparison of the Analysed Roof
Variants. (e data used for the construction cost analysis
of the two analysed roofs is the cost estimate data for actual
buildings under construction. For that reason, construction
costs for both roofs, conventional flat and intensive green
roof, are grouped as they are stated in project documen-
tation. All prices include the supply and transport of
materials as well as their installation. Total construction
costs and construction costs of one square meter of a
conventional flat and intensive green roof are presented in
Tables 6 and 7.

(e construction costs of the analysed conventional flat
roof are presented for each layer separately, in contrast to the
construction costs of the analysed intensive green roof,
where the costs for lightweight concrete and vegetation are
presented separately and the construction costs of other
layers are combined.

(e total construction cost of the lightweight concrete
for both roof variants is 9.224,93 Eur. (e total cost for the
construction of all other layers of the conventional flat roof is
39.440,50 Eur which is 71,71 Eur/m2, while the total cost for
all other layers of the intensive green roof is 78.996,50 Eur
which is 143,63 Eur/m2.

Total construction cost of a conventional flat roof is
48.665,43 Eur which is 88,48 Eur/m2, while the total cost of
the intensive green roof is 88.221,43 Eur which is 160,40 Eur/
m2.

Comparative construction costs analysis shows that the
construction costs of an intensive green roof are 81.30%
higher compared to a conventional flat roof.

Although the analysis shows that the construction costs
of the analysed intensive green roof are much higher than
the construction costs of the analysed conventional flat roof
other benefits can tip the scale in favour of the intensive
green roof. (ose benefits include better stormwater at-
tenuation, thermal benefits, water quality enhancement,
noise reduction, and air pollution mitigation. (ey give
protection to the roof membrane from heat, wind, and
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ultraviolet radiation and furthermore, they can increase the
aesthetic of a building [6].

4.4. Maintenance and the Proposed Roof Maintenance Plan.
Maintenance is important to ensure the functionality and
safety of the building and also the longest possible service life
of the building as well as its parts. In that regard, mainte-
nance plans are constructed for both the conventional flat
roof and the intensive green roof.

Table 8 shows a maintenance plan for the conventional
flat roof analysed in this paper with a service life prediction

for each layer (SLP) and maintenance actions and their
frequency.

In the analysed conventional flat roof ceramic tiles are
placed as the top protection layer of the roof which is directly
exposed to visual inspections. Maintenance plan shown in
Table 8 predicts twice a year checks of state of cleanliness and
checks for any cracks or any other damage should be carried
out with the same frequency. Build-up of leaves, twigs, and
dirt (mould, algae) that always collects on a roof, no matter
what time of year, should not be allowed to the point where it
begins to block gutters and creates water pooling. Trees
positioned close to the building, which increases the

Table 6: Conventional flat roof construction costs (the table is structured by authors upon data collected from cost estimate for the building
under construction).

Layer Unit of measure Quantity Unit price (Eur) Total cost (Eur)
Ceramic tiles m2 550 18,47 10.158,50
Waterproofing m2 550 15,83 8.706,50
Protection layer m2 550 3,96 2.178,00
(ermal insulation and vapour barrier m2 550 33,45 18.397,50
Lightweight concrete m3 71.5 129,02 9.224,93
Total cost 48.665,43
Total cost per m2 88,48

Table 7: Intensive green roof construction costs (the table is structured by authors upon data collected from cost estimate for the building
under construction).

Layer Unit of measure Quantity Unit price (Eur) Total cost (Eur)
Vegetation m2 550 4,10 2.255,00
Growing medium

m2 550 139,53 76.741,50

Filter layer
Drainage and storage
Protection layer
Waterproofing
(ermal insulation
Vapour barrier
Lightweight concrete m3 71.5 129,02 9.224,93
Total cost 88.221,43
Total cost per m2 160,40

Table 4: (ermal transmittance coefficient—conventional flat roof (the table is structured by authors upon data from cost estimate and
[41]).

Internal surface resistance
to heat transfer

External surface resistance
to heat transfer

Sum of the resistance
of all layers

Total resistance to heat transfer
through the bulkhead

(ermal transmittance
coefficient

Rsi (m2K/W) Rse (m2K/W) Rn (m2K/W) RT (m2K/W) U (W/(m2K))
0.1 0.04 4.44 4.58 0.22

Table 5: (ermal transmittance coefficient—intensive green roof (the table is structured by authors upon data from cost estimate and [41]).

Internal surface resistance
to heat transfer

External surface resistance
to heat transfer

Sum of the resistance
of all layers

Total resistance to heat transfer
through the bulkhead

(ermal transmittance
coefficient

Rsi (m2K/W) Rse (m2K/W) Rn (m2K/W) RT (m2K/W) U (W/(m2K))
0.1 0.04 6.39 6.53 0.15
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likelihood of debris falling onto the roof, should be trimmed
when possible to lower the number of times of the removal of
build-up of leaves and twigs, etc. Ceramic tiles as well as the
filter layer beneath them should be replaced or majorly
repaired after 40 years since their service life prediction is
between 30 and 40 years.

Maintenance plan predicts visual checks of the wa-
terproofing layer such as rips, detachments, moisture, or
biological colonization in exposed areas twice a year. Re-
pairs should be carried out when necessary and the layer
should be inspected after 10 years and replaced or majorly
repaired after 40 years. (ermal insulation layer with the
service life prediction of 30–40 years should be replaced or
majorly repaired after that time. Heat fluxes and temper-
ature values should be assessed every five years and when
necessary local repair should be carried out. As shown in
the maintenance plan in Table 8, load bearing structure
should be checked for excessive deformation and cracks
and for blistering, moisture stains, and infiltrations once a
year and twice a year, respectively. Local repairs of this
layer should be carried out when necessary as is the case
with all the layers. Service life prediction for the load

bearing structure for this analysed conventional flat roof is
40–60 years. After that time major repairs or replacement is
predicted to occur.

Maintenance plan for each intensive green roof layer
analysed in this paper and its service life prediction (SLP) is
shown in Table 9.

Maintenance plan shown in Table 9 considers all layers
of an intensive green roof and is further divided in main-
tenance elements for each layer. Visual, monitoring, and
preventive maintenance actions as well as their frequency are
assigned to every maintenance element.

Vegetation layer maintenance is divided into post-
planting phase (1 and 2 years), maturation phase (2 and 3
years, until vegetation covers approximately 90% the roof
area), and maintenance phase (from year 3 or 4). Visual
inspections include check of vegetation health and state of
cleanliness. In postplanting phase check of vegetation health
should occur four times a month while during maturation
and maintenance phase those activities should be carried out
two times a month. Pest control is to be performed pre-
ventively when necessary so that infected plants can be
spotted in time and measures or replanting or treating the

Table 8:Maintenance plan for the conventional flat roof layers and their service life prediction (SLP) (the table is structured by authors upon
data from [20] and authors own assessment).

Layer SLP
(years)

Maintenance action
Frequency

Visual Monitoring Preventive
Ceramic tiles 30–40
Check of state of cleanliness (dirt, debris) x 2/year
Check for any cracks or any other damage x 2/year
Replacement or major repair x After 40 years
Filter layer, geotextile 30–40
In exposed areas, check for any damage x
Replacement or major repair x After 40 years
Waterproofing 30–40
In exposed areas, check of detachments, loss of adherence, rips x 2/year
In exposed areas, check of moisture or biological colonization x 2/year
In situ campaigns to assess watertightness x Every 5 years

Local repairs x When
necessary

Deep inspection, scheduling of the next one x After 10 years
Replacement or major repair x After 40 years
(ermal insulation 30–40
In situ campaigns to assess heat fluxes and temperature values x Every 5 years

Local repairs x When
necessary

Deep inspection, scheduling of the next one x After 10 years
Replacement or major repair x After 35 years
Load bearing structure 40–60
Check of excessive deformation, cracks x 1/year
Check of blistering, moisture stains, infiltrations x 2/year

In situ campaigns to assess structural stability and serviceability x When
necessary

Local repairs x When
necessary

Deep inspection, scheduling of the next one. Eventual replacement or
major repair x After 40 years

Replacement or major repair x After 60 years
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Table 9: Maintenance plan for the intensive green roof layers and their service life prediction (SLP) (the table is structured by authors upon
data from [20] and authors own assessment).

Layer SLP
(years)

Maintenance action Frequency

Visual Monitoring Preventive After
planting Maturation Maintenance

Vegetation —
Check of vegetation health x 4/month 2/month 2/month
Check of state of cleanliness x 2/month 2/month 2/month

Pest control x When
necessary

Infesting/dry vegetation removal x 6/year 6/year 12/year
Debris collection x 1-2/year 1–2/year 1-2/year

Watering x 1–3/day 1/day
(summer)

1/day
(summer)

Control of shrubs anchors x 1/year 1/year 1/year
Fertilization x 4/year 2/year 2/year
Pruning, reaping x — 1/year 1/year

Replacement of erosion protection x — When
necessary

Seeding or replanting x When
necessary 1/year

Substrate -
Check of settlements, shrinkage, saturation x 1-2/year 1–2/year 1-2/year

Substrate adding/levelling x — When
necessary

Scarifying/soil aerating x — 1/year 2/year
Drainage, accumulation 10–35
In situ campaigns and local pools to assess wet
areas x Every 5

years

Local repairs x When
necessary

Deep inspection, scheduling of the next one.
Eventual replacement or major repair x After 10

years

Replacement or major repair x After 35
years

Waterproofing membrane and root protection 30–40
In exposed areas, check of detachments, loss of
adherence, rips x 2/year 2/year 2/year

In exposed areas, check of moisture or
biological colonization x 2/year 2/year 2/year

In situ campaigns to assess watertightness x Every 5
years

Local repairs x When
necessary

Deep inspection, scheduling of the next one x After 10
years

Replacement or major repair x After 40
years

(ermal insulation 35
In situ campaigns to assess heat fluxes and
temperature values x Every 5

years

Local repairs x When
necessary

Deep inspection, scheduling of the next one x After 10
years

Replacement or major repair x After 35
years

Load bearing structure 40–60
Check of excessive deformation, cracks x 1/year
Check of blistering, moisture stains,
infiltrations x 2/year
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plants can be done. In postplanting and maturation phase
the removal of infested or dried vegetation should occur six
times a year and more often in the maintenance phase when
those actions should be carried out each month. As part of
the preventive actions, once or twice a year debris should be
collected. Watering depends on the vegetation phase and
while vegetation is still in seed stage and after imple-
mentation phase watering should occur more often. Hence,
it should occur up to three times a day during implantation
phase, and once a day during the summer in later phases.
Other preventive actions include fertilization, pruning and
reaping, and seeding or replanting for which the frequency
of their actions is shown in the maintenance plan in Table 9.
Some actions should also be scheduled after floods or
storms. Substrate layer should be visually checked for set-
tlements and shrinkage and saturation once or twice a year.
When necessary substrate should be added and soil aerating
should be carried out once or twice a year during phases of
maturation and maintenance as part of preventive main-
tenance. Drainage-accumulation layer with a service life
prediction of up to 35 years should be locally repaired when
necessary and after ten years a deep inspection should be
carried out. Actions and frequency shown in the mainte-
nance plan for all other layers of the analysed intensive green
roof (waterproofing, thermal insulation, and load bearing
structure) are the same as the actions and frequency of the
same layers for the analysed conventional flat roof and are
maintained as explained earlier in this paper.

From the presented maintenance plans for the analysed
two types of flat roofs, conventional flat roof and intensive
green roof, it can be concluded that green roof maintenance
is more complex and by extension will be more costly.
Although both roofs have some layers in common and thus
their maintenance is the same, the layers of a conventional
flat roof above the waterproofing layer are filter layer and the
protective layer of ceramic tiles which are easier to maintain
than in the case of an intensive green roof where the layers
above the waterproof layer (root protection, drainage-ac-
cumulation, filter layer, growing medium, and vegetation)
are more demanding because it is necessary to carry out
more maintenance activities with higher frequency.

(e life cycle of all roof components (layers) of both roof
variants can be expanded by proper repair at an early stage of
damage and maintenance according to a maintenance plan
with defined set of activities that must be carried out at a

specific time. Otherwise, bigger damage may occur, which, if
not detected in time, can cause higher repair costs and at the
same time, it might reduce the functionality and safety of the
building.

5. Conclusion

Green roofs are a sustainable alternative to conventional flat
roofs and there are multiple benefits in the construction of
green roofs over the construction of conventional flat roofs,
according to previously published literature. In this paper,
intensive green roof and conventional flat roof are the two
types of roofs analysed in terms of thermal performance,
construction costs, and maintenance complexity. (e two
analysed roof variants are located in the town of Rijeka on
the Adriatic coast and therefore are in the same climate
conditions, Mediterranean climate. (e data used for the
analysis and comparison of these two roofs are the cost and
time estimate data for a building under construction. (e
results of the analysis of the two roof variants have shown
that the construction cost of an intensive green roof is
81.30% higher than the cost of a conventional flat roof.

Maintenance is also more complex in the case of an
intensive green roof. Maintenance plan with defined set of
activities for both analysed roof variants must be carried out
as planned so that any repair needed can be done at an early
stage of damage.

It is concluded that although the construction costs of an
intensive green roof are higher which makes them short-
term inefficient because of the greater investment and longer
period of return of investment, and maintenance is more
complex, the construction of an intensive green roof leads to
more energy savings and other noneconomical benefits such
as improved water and air quality, decreased noise pollution,
extended roof life, restoring biodiversity, and an increase of
green space in urban environments. Although initial
(construction) costs are a big challenge in green roof con-
struction, it is the position of the authors that lower con-
struction cost and simpler maintenance should not be the
only factor when deciding on the type of roof to be built on a
particular location. With the advancement of construction
technology and the development of new materials with
better properties, we can expect that in the future green roofs
will have an increasing advantage, regardless of the initial
cost, because the benefits of green roofs over conventional

Table 9: Continued.

Layer SLP
(years)

Maintenance action Frequency

Visual Monitoring Preventive After
planting Maturation Maintenance

In situ campaigns to assess structural stability
and serviceability x When

necessary

Local repairs x When
necessary

Deep inspection, scheduling of the next one.
Eventual replacement or major repair x After 40

years

Replacement or major repair x After 60
years
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flat roofs will be even greater, especially in today’s world
where we are trying to minimize environmental pollution
and overurbanization.

First limitation of this study is the fact that it is focused
only on intensive green roofs in the Mediterranean climate.
But this was on purpose because previous study showed how
intensive green roofs help mitigate the environmental im-
pacts better and stronger than extensive green roofs or
conventional flat roofs. Further research regarding this case
study will be directed on thermal simulation of intensive
green roof after completing extensive data collection re-
garding outdoor and indoor climate and energy use. Af-
terwards simulation can be performed on other types of
green roofs and in different climate zones.(e only aspect of
results presented in this case study that is hard to validate on
short term is a part of maintenance plan since it refers to a
period of time longer than 5 years.
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[19] T. Vrančić, “4.5 berechnung der Kapitalkosten,” Finanzma-
nagement mit Excel, vol. 63, pp. 307–309, 2011.

[20] C. M. Silva, I. Flores-Colen, and A. Coelho, “Green roofs in
Mediterranean areas - survey and maintenance planning,”
Building and Environment, vol. 94, no. P1, pp. 131–143, 2015.

[21] K. Vijayaraghavan and U. M. Joshi, “Can green roof act as a
sink for contaminants? A methodological study to evaluate
runoff quality from green roofs,” Environmental Pollution,
vol. 194, pp. 121–129, 2014.

[22] A. F. Speak, J. J. Rothwell, S. J. Lindley, and C. L. Smith,
“Urban particulate pollution reduction by four species of
green roof vegetation in a UK city,” Atmospheric Environ-
ment, vol. 61, pp. 283–293, 2012.

[23] S. C. Cook-Patton and T. L. Bauerle, “Potential benefits of
plant diversity on vegetated roofs: a literature review,” Journal
of Environmental Management, vol. 106, pp. 85–92, 2012.

[24] B. Pirouz, S. A. Palermo, M. Maiolo, N. Arcuri, and P. Piro,
“Decreasing water footprint of electricity and heat by ex-
tensive green roofs: case of southern Italy,” Sustainability,
vol. 12, 2020.

[25] D. B. Rowe and K. L. Getter, “(e role of extensive green roofs
in sustainable development,” HortScience, vol. 41, no. 5,
pp. 1276–1285, 2006.

[26] D. Townshend, Study on Green Roof Application in Hong
Kong, Architectural Services Department, Hong Kong, 2007.

[27] N. H. Wong, C. L. Tan, D. D. Kolokotsa, and H. Takebayashi,
“Greenery as a mitigation and adaptation strategy to urban
heat,” Nature Reviews Earth & Environment, vol. 2, pp. 1–16,
2021.

[28] P. Bevilacqua, D. Mazzeo, R. Bruno, and N. Arcuri, “Ex-
perimental investigation of the thermal performances of an

Journal of Engineering 15

 3962, 2021, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/2021/5559467 by U

niversity O
sijek, W

iley O
nline L

ibrary on [04/12/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://www.gradimo.hr/eksterijeri/zeleni-krovovi/
https://www.gradimo.hr/eksterijeri/zeleni-krovovi/
https://www.bauder.hr/hr/gruendach-eu.html
https://www.bauder.hr/hr/gruendach-eu.html


extensive green roof in the Mediterranean area,” Energy and
Buildings, vol. 122, pp. 63–79, 2016.

[29] M.Maiolo, B. Pirouz, R. Bruno et al., “(e role of the extensive
green roofs on decreasing building energy consumption in the
mediterranean climate,” Sustainability, vol. 12, no. 1, 2020.

[30] L. Cirrincione, M. La Gennusa, G. Peri et al., “Green roofs as
effective tools for improving the indoor comfort levels of
buildings-an application to a case study in Sicily,” Applied
Sciences, vol. 10, no. 3, pp. 1–19, 2020.

[31] S. Savić, V. Marković, I. Šećerov et al., “Heat wave risk as-
sessment and mapping in urban areas: case study for a
midsized Central European city, Novi Sad (Serbia),” Natural
Hazards, vol. 91, no. 3, pp. 891–911, 2018.

[32] A. Mohajerani, J. Bakaric, and T. Jeffrey-Bailey, “(e urban
heat island effect, its causes, and mitigation, with reference to
the thermal properties of asphalt concrete,” Journal of En-
vironmental Management, vol. 197, pp. 522–538, 2017.

[33] K. Vijayaraghavan, U. M. Joshi, and R. Balasubramanian, “A
field study to evaluate runoff quality from green roofs,”Water
Research, vol. 46, no. 4, pp. 1337–1345, 2012.

[34] D. Seo, J. Lee, C. Lee, and Y. Nam, “(e effects of surface
wettability on the fog and dew moisture harvesting perfor-
mance on tubular surfaces,” Scientific Reports, vol. 6, Article
ID 24276, 2016.

[35] T. Van Renterghem and D. Botteldooren, “Numerical eval-
uation of sound propagating over green roofs,” Journal of
Sound and Vibration, vol. 317, no. 3–5, pp. 781–799, 2008.
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