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ABSTRACT: With the increase of urban occupation and therefore the constant need of new
buildings, the concern about its environmental impacts grows recently. Thus, is demanded
the research on the concept of buildings considering the economy of resources, especially
energy. Green roof is an ancient alternative to reduce the effects of heat islands and global
warming, providing architectural, construction, aesthetic and environmental benefits. The
efficiency of thermal performance of this system is already known, however, aspects
related to energy and environmental sustainable, including CO2 emissions, are still poorly
studied. Therefore, the study of sustainability of this alternative of roof is necessary,
considering the full life cycle of it to evaluate the energy consumption and CO2 emissions.
The aim of this study is to evaluate the sustainability of a green roof compared to the
conventional system made of concrete slab with ceramic tile. Green roof system used in
the research is the modulate type with structure in solid wood beams and closure in
structural plywood sheets. The comparison will be done through the life cycle energy
(LCEA) and carbon dioxide emissions (LCCO2A) analysis in the extraction and processing
of raw materials, transport, construction and maintenance phases. With the research
results, the green roof confirmed the reduction of CO2 emissions the life cycle, but it has a
higher embodied energy than the conventional system.
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1. INTRODUCTION

The building sector consumes an estimated 30 to 40% energy worldwide and it is
responsible for 40% of total primary energy consumption in European Union (Contarini et
al. 2015; Coma et al. 2016). Greenhouse gas emissions totaled in 2014 an average of
2.4 tCO; per capita in Brazil (Brazil 2015). The data are alarming and the responsibility of
countries to reduce environmental impacts by human activities is growing. The COP 21
(ONU Climate Conference), that took place in December 2015, was a global framework to
reduce carbon emissions and to mitigate the effects of global warming,

According Coma et al. (2016), the construction sector is an effective way to achieve the
reduction of energy consumption and CO; emissions, aiming sustainable buildings with
more energy-efficient. Some technologies have been employed to help mitigate the high
energy consumption in buildings and the recurrence of floods in urban centers, i.e. green
roofs (Savi, 2012). Sainz et al. (2006) stated that green roof is among several technologies
for the development of environmentally sustainable buildings and the creation of urban
environments visually appealing.

Brazilian laws are still insufficient about the use of this system. The state of Santa Catarina
created a program to encourage the adoption of green roofs by Law N214243 (December
11, 2007). But the only law that establishes the obligation of the green roof use is
N218112/2015 of Recife which provides the improvement of environmental quality of
buildings obliging also the construction of accumulation reservoirs or the flow delay of
rainwater to the urban drainage. This law establishes the mandatory use of green roofs for
multifamily residential buildings with more than four floors and non-housing with more
than 400 m? of area covered, under penalty of non-approval of the building.

A green roof differs from a conventional roof by having a substrate (soil or growing media)
with vegetation (Peri et al. 2012). The addition of a green layer in building coverage
causes many advantages, including: increased water retention, contributing to drainage
and reuse of rainwater, reduced urban heat island by reducing of CO2, sound absorption,
aesthetic improvement of cities, increased biodiversity and reduction of habitat loss
(Kosareo & Ries, 2007; Savi, 2012; Bianchini et al. 2012; Coma et al. 2016).

The benefits of this system are obvious, but the real potential to environmental
sustainability should be measured, since the material impacts are also important because
of its emissions and the use of raw materials during production and waste disposal
(Contarini & Meijer, 2015).

The most appropriate tool to assess the overall environmental performance of a building
and the quantification of its impacts, considering a wide range of categories of damage, is
the Life Cycle Assessment (LCA). According to ABNT NBR ISO 14040 (2006), LCA is a
method in which the product or process is evaluated in the life cycle's phases: extraction
and production of raw materials, use, maintenance and demolition.

The choice for the quantification of energy consumption in the building life cycle (life cycle
energy assessment - LCEA) is because prioritizes data inventory of energy consumption
(direct and indirect). Although not use the concept of multi-analysis, characteristic of
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LCAs, a LCEA gives conditions for the evaluation of significant environmental impacts
(Tavares, 2006).

In this work will be used a type of LCA to quantify two categories: the total energy
consumption (LCEA) and COz emissions (LCCO:A) related with stages of the life cycle of
the systems. They are simplified versions of the LCA that focus only on the evaluation of
energy inputs and COz emissions for the different stages of the life cycle and are already
being widely used by researchers of construction as Atmaca & Atmaca (2015) and Chau et
al. (2015).

1.1 Goal and scope definition

The aim of this research is to analyze the energy consumption and CO; emissions in the
phases of life cycle of green roof compared to the conventional system of roof. The
functional unit used was 1 m? of roofing for 50 years of housing life service.

The system boundaries including the phases for the two systems were: extraction and
processing of materials and components, transport, construction and maintenance. Carbon
sequestration that vegetation of the green roof promotes was not recorded because this
operation phase was not analyzed.

2. DESCRIPTION OF THE SYSTEMS

2.1 Conventional system

The choice of the conventional system was the widespread used in Brazilians houses. The
system consists of massive reinforced concrete slab with closure made by wooden
structure with ceramic tile type Plan. The view of the housing roofing is shown in Figure 1.

el

g

Figure 1. Conventional system. Source: Pedroso, 2015.

2.2 Green roof system

There are two main types of green roof: the extensive and the intensive. Extensive roofs
are lighter and are ideal for small vegetation because the system thickness is between 8
and 12 cm (Tavares et al. 2014). According to Céron-Palma et al. (2013), it requires low
maintenance and a water retaining layer (Pereira, 2014). Intensive roofs are also known
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as vertical gardens by having larger plants. They have substrate thickness ranging from 15
to 50 cm and they can't be run on sloping roof (Pereira, 2014).

A green roof usually has the following layers: structural support, waterproof membrane,
root barrier, drainage, filter, substrate and vegetation (Pereira, 2014). Although it is
common to find green roofs on slabs, green roof is a building system that allows variations
and application to different surfaces and structures (Tavares et al. 2014).

Looking for more sustainable and energy-efficient alternatives, in this research a system
with structure in solid wood beams with closure in structural plywood sheets of the type
Oriented Strand Board (OSB) was proposed as the basis for extensive green roof. The
geomembrane of high density polyethylene (HDPE) has been used for waterproofing and
under it lightweight cellular modules were composed by HDPE too. The choice of this
modular system was due to the decrease in the total weight of the roofing and operational
simplicity in maintenance phase.

A geotextile blanket was placed in the substrate layer within the module to facilitate
storage and filtration of water in the modules ribbed. To reduce the need for frequent
irrigation, the vegetation chosen were Cacto Margarida (Lampranthus productus). The
green roof scheme is shown in Figure 2.
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Figure 2. Green roof system. Source: Authors, 2016

3. METHODOLOGY

The study was applied in a housing unit approved by the Brazilian bank Caixa Econémica
Federal used in the program "My House, My Life" representing the reality of social housing
in the country. The same design was analyzed by Pedroso (2015) with the ground floor
shown in Figure 3. The housing has 45.64 m?of built area distributed in two bedrooms,
living room, kitchen, bathroom and an outside service area. The life service adopted was
50 years and the functional unit was 1 m? of roofing.

To standardize the transport distance, the building were located at the University of
Brasilia (UnB) in Brasilia (DF).

354



SBE16 Brazil & Portugal
Sustainable Urban Communities towards a Nearly Zero Impact Built Environment
ISBN: 978-85-92631-00-0

— X ' L 300 L.
| B 1 e ioats gt s f e g st A T 3 1l A ot St i e o gty
‘ ;
| ! LAUNDRY ' ! &
. | hse I7‘E |
1 D | AN i
i =y & BEDROOM I “ﬂ (@
i A=1035m* i 345
: $w.zo | -
o [FF) |
: KITCHEN — i r.08
i A=g7~6?a’r, 5 H T
| #- o |
7,08 : = B |
! BEDROOM | !
: = A=045m e % :
5.40 $'c.23 g
: | LIVING ROOM
[ | A=858nF ”
! 0,20 [
! -$— lll\lllll\\l\ll\\] !
| | AR IRYARY :
i | S e i 1
| yilis o -
| At = | ¥ __
N ' '
L ;‘ 77777777777777 L 'y JI 0,1
45 X [ 30 =

Figure 3. Social housing project for the deployment of systems. Source: Pedroso, 2015

The elementary concept of LCA is to calculate the environmental impacts of product over
different life cycle stages: extraction, manufacture, construction, operation, demolition,
recycling and disposal (Atmaca & Atmaca, 2015). To calculate the LCA and LCCO-A, all
energy inputs and CO: equivalent emissions released from a system in the pre-use and
maintenance phase were quantified, respecting the ABNT NBR ISO 14040 series of
standards. The calculation derived from a survey in national literature for the extraction of
secondary data. They were used preferably from Brazilian documents to better adapt the
production process and characteristics of the materials.

3.1 Pre-use phase

Based on the detailed architectural design of the Figure 3, materials and components used
in the roofing of the two systems were raised. The pre-use phase was divided into three
stages shown in Table 1:

Table 1. Stages of pre-use phase.

Extraction and processing of ~ Energy consumption (EE)

1 materials CO2 emissions (CO2E)
2 Transport of materials and Energy consumption (ET)
components COz emissions (CO2T)

Energy consumption (EC)

3 System construction €0, emissions (CO:C)

To calculate the energy consumption and CO; emissions from the extraction and
processing of materials and components phase equations 1 and 2 were used. When
necessary, used the coefficient of 0.036 kgCO./M] for energy conversion in CO; emissions
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was used. This value is the result of an average of the latest values from the National

Energy Balance (BEN), if the FCO; coefficient in the studied sources did not exist.
EE=QxFE @)
CO:E =Q x FCOseq 2

Q - quantity of materials used in housing (Unit of measure - UM: kg or m®);

FE - energy embodied factor (M]/UM);

FCO - emissions factor (kgCOzeq/kg or kgCO2eq/m3);

EE - embodied energy of the extraction and processing of materials stage (M]);

COE - emissions of the extraction and processing of materials stage (kgCOzeq);

In transport stage of materials and components to the construction site, the coefficients
for the calculation of CO; emissions used by NaBut Neto (2011) were: average
consumption of diesel equal to 0.0136 L/T.km and liter diesel emitting 3.15 kgCO2/km.
Throughout the transport phase, only CO; emissions will be quantified.

Table 2. Quantity of materials for 1 m? of roofing.

MATERIALS AND FCO2 TRANSPORT
COMPONENTS QUANTITY — FE(MJ/UM)  (po0,eq/UM) (Km)

= CONCRETE (slab 10cm) 010 m®  1002.400 151.0800 14

Z  STEEL 0.14 kg 10.27) 1.55() 18

£ WOOD STRUCTURE 004 m®  9469.281) 58.55(1) 19

S ROOFTILES 86.20 kg 2.52(1) 0.630) 25

= PVC TROUGH AND

(1) (1)

S COLLECTOR 176 kg 65.24 5.92 13
0SB 002 m3  23377.340) 501.95(1) 28.3
BEAMS STONE ANGELIM 002 m®  9469.281 58.55(1) 19

o 7x15 cm

S BLANKET HDPE 525 kg 79.672) 2.87 1399

& MODULE PLASTIC (HDPE) 5.80 kg 79.67@ 2.87 2131

=z

& GEOTEXTILE BLANKET 020 kg 95 3.42 758

& SUBSTRATE 60 kg 3.9040) 0.14 11
VEGETATION CACTO )

MARGARIDA 100 m ; ; 17
PVC COLLECTOR 0.88 kg 65.24(1) 5.9200) 13

(M) Saade et al. (2014)
(@Lopes (2014)

For the systems' construction, formwork of wood and metal shoring were used for of
concrete slab and vibrating equipment was used for thickening of the concrete, but only
the material consumption has been recorded.

3.2 Maintenance Phase

In systems maintenance phase, each material or component that has a smaller service life
than the service life of the system has a replacement factor (RF) which means how many
changes will be needed throughout the building life cycle. The values were found in the
scientific literature and technical (Table 3).
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Table 3. Replacement factor in the maintenance phase for 1 m? of roofing.

MATERIALS AND
COMPONENTS QUANTITY RF

= CONCRETE 0.10 m? -
% STEEL 0.14 kg -
£ WOO0D STRUCTURE 0.04 m® -
© ROOF TILES 8620 kg 2.5
Z PVC TROUGH AND
@] -
S COLLECTOR 1.76 kg

0SB 0.02 m? }

BEAMS STONE ANGELIM 0.02 m? -
% BLANKET HDPE 525 kg -
S MODULE PLASTIC (HDPE) 5.80 kg ;
Z  GEOTEXTILE BLANKET 0.20 kg -
=3 SUBSTRATE 60 kg 9.8®
G VEGETATION CACTO 100 m? )

MARGARIDA :

PVC COLLECTOR 0.88 kg -

(1) Bengoa (2011)

() Lamnatou and Chemisana (2014)

4. RESULTS ANALYSIS

The comparison of each life cycle phase analyzed in this study between the two roofing
systems. This allowed the observation of the environmental impacts of the green roof over
the conventional system (used in large-scale in social housing) in relation to energy
indicators and CO; emissions. The result of the stages of extraction and processing and
transport of the pre-use phase transport is gathered in Table 4.

Table 4. Result of LCAE and LCCO-A in the pre-use phase to 1 m? of roofing.

MATERIALS AND CO2E CO2T

COMPONENTS QUANTITY EE (M) (kg CO2¢q) (kgCO0zeq)

3 CONCRETE 0.10 m® 100.24 15.11 0.045696
<Z: STEEL 0.14 kg 1.42 0.21 0.000034
S WO0OD STRUCTURE 0.04 m® 35283 2.18 0.005295
% ROOF TILES 86.20 kg  217.22 54.31 0.029308
% EXEE];%%(;{H AND 1.76 kg 114.82 10.42 0.000311
“ TOTAL 786.53 82.23 0.080644
0SB 0.02 m® 42781 9.19 0.004226
BEAMS STONE ANGELIM 0.02 m® 180.96 1.12 0.002716

& BLANKET HDPE 525 kg 41833 15.06 0.099905
2 MODULE PLASTIC (HDPE) 580 kg  462.07 16.63 0.168087
z GEOTEXTILE BLANKET 0.20 kg 19.38 0.70 0.002103
& SUBSTRATE 60.00 kg  234.24 8.43 0.008976
% VEGETATION 1.00 m?* - - 0.000231
PVC COLLECTOR 0.88 kg 57.41 5.21 0.000156
TOTAL 1800.20 56.34 0.286399

In the construction phase, the use of materials such as wood and steel, occurs in the
conventional system. The amount, with the total embodied energy and CO; emissions are
shown in Table 5. The energy and CO: factors were extracted from Table 1, considering a
metal shoring with cross pieces on wooden boards and closing in plywood.
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Table 5. Result of LCAE and LCCO:2A in the construction phase to 1 m? of roofing.

MATERIALS AND QUANTITY EC (M)) CO2T

COMPONENTS (kgCO2¢q)
PLYWOOD FORM 0.01 m? 187.02 0.001847
METAL SHORING 23.22 kg 238.47 0.000034
WOOD PARTS 0.01 m? 121.56 0.000739
TOTAL 547.05 0.002620

The maintenance phase of two systems is presented in Table 6, with the total amount of
energy consumption (EM) and CO; emissions (CO:M) for the tiles (conventional system)
and the substrate (green roof).

Table 6. Result of LCAE and LCCO-A in the maintenance phase to 1 m? of roofing.

MATERIALS AND CO:M CO2T
COMPONENTS QUANTITY RE EM (M)) (kgCO2eq)  (kgCOzeq)

TILES 86.20 kg 2.5 543.06 54.31 0.07

SUBSTRATE 60.00 kg 9.8 2295.55 8.43 0.09

The total values are shown in Figure 4 (in M]/kg or M]/m?). It were obtained for both
systems studied, correlated to the analyzed phases. The transport phase included all
shifts: the material transport of plants or sale point to the building site in the maintenance
phase.

LCEA

Green Roof B Extraction and processing

B Transport

Construction

. W Maintenance
Conventional

Figure 4. Result of life cycle energy to the two systems. Source: Authors, 2016

In Figure 5, the same results are presented for CO, emissions quantified in LCCO,A. The
results are in kgCOzeq/kg or kgCOzeq/m> depending on the unit of measure of the
analyzed material.

LCCO,A
Green Roof B Extraction and processing
B Transport
Construction
Conventional ¥ Maintenance

Figure 5. Result of life cycle CO; emissions to the two systems. Source: Authors, 2016
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With the results, it is observed that the higher energy consumption achieved by the green
roof system was in the phases of extraction and processing and maintenance, because it
has a frequent replacement of the substrate layer. However, in assessing the life cycle CO>
emissions, the conventional system has a disadvantage. All total values of the phases of
LCEA and LCCO;A are shown in Table 7.

Table 7. Result of all values of LCAE and LCCO2A in the phases to 1 m® of roofing.

LCEA (M]) LCCO2A (kgCO2eq)
Conventional Green roof Conventional Green roof
Extraction and 786.53 1800.20 82.23 56.34
processing
Transport 0 0 0.16 0.37
Construction 547.05 0 0.0026 0
Maintenance 543.06 2295.55 54.31 8.43

5. CONCLUSION

Two roofing systems were analyzed: conventional and green roof system. The first one is
already used in large scale in Brazilian social housing. The second one is still not
broadcast, offers numerous aesthetic, environmental, thermal advantages, among others.
The methodology focused on the search for secondary data, especially national, to
composition of the life cycle assessment.

It is noted by the results that the isolated energy analysis doesn't indicate the best
solution, and neither the CO; analysis. The evaluation of the two combined of LCA seems to
be more suitable to compose the environmental profile of the systems.

The conventional system has proved better in LCEA, but became worse in LCCOzA. In the
maintenance phase, the necessity for replacement of material in the conventional system
has a high emission levels embedded, which is ceramic tile. the green roof replacement is
the substrate, which is an organic material.

To confirm these values and extract other observations, it's necessary that in future work
should be use primary dates or other databases used in Brazil. Other indicators should
also be raised, such as the CO:; equivalent, water footprint, among others, selected
according to their importance in Brazil.
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