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THE IMPORTANCE OF GREEN ROOFS IN SUSTAINABLE
ARCHITECTURE

Yalgin YASAR Asiye PEHLEVAN Sibel MACKA
!Karadeniz Technical University Faculty of Architecture, Trabzon

Abstract

In worldwide, the effects of sustainable building strategies on
architectural applications have increased day by day. The reason of this
is certainly the effort of eliminating the negative impacts of global
warming and using nonrenewal energy sources. In this context, the
sustainable architecture considers building strategies such as trying to
mimimize the usage of nonrenewal energy sources, growth of natural
environment without destroying it and reducing the usage of toxines or
not using of them. During the process of performing such kind of building
strategies successfully, regaining the lost green areas on the buildings
which were once destroyed them; that is, having green roof again, has
great importance. Green roofs are very important in terms of providing
environmental, economic, esthetic, and physiological benefits.

In this paper, providing benefits of green roofs in terms of
sustainable architecture, norms considering in the green roof design and
green roof rating systems will be explained, ‘and green roof applications
will be evaluated considering all of these criteria.

Keywords: Green roof, sustainable architecture, extensive roof,

intensive roof
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i. Introduction

Beginning from industrial revolution, technological development
and rapid consumption have been also effected the architectural sector
like other sectors. Randomly and density building construction as a result
of growth population leads to environmental problems as destruction of
the natural habitats in urban areas, environmental pollution, increased
using non-renewable energy resource and global warming. By noticed of
these problems, the concept of ‘Sustainable Architecture’ cames into
prominence.

The most common definition of sustainable architecture is all of
activities constructed bugjdings that use renewable energy resources, are
environment friendly, uée efficient energy, water, material and site,
protect healty and comfort of people in present and future conditions, by
considered future generations (Sev,2009). In this context, designed as
green roof of building roofs great contribute sustainable architecture.
Researches related to green roofs show improve building energy
performance, air quality and urban ecology, present innovative solutions
stormwater problems of green roofs. Green roofs with these advantages
are significant systems in sustainable buildings (URL-I).

Green roofs towards sustainable building strategies should be
designed considered criteria such as using aim, location, maintanence
and cost and according to these criteria, appropriate green roof type
should be determined. In general, there are two main types of green
roof. These are extensive and intensive green roof.

Extensive Green Roofs;

Extensive green roofs are shallow with about <50 mm of growing
medium, typical for the drought-resistant succulents and grasses used.

Drought-tolerant plants are used so an irrigation system is not needed,
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making this type of roof low-maintenance. Typically, an extensive green
roof is inaccessible to building users. Its main purposes are focusing on
environmental issues, adding thermal mass, and improving views from
neighboring office buildings (Figueroa, 2008).

Extensive green roofs are often established on low degree or flat-sloped
roofs on new or existing buildings. Structural components of the building
must be strong enough to support the weight of the vegetation system

(Durhman, 2005). Figure 1 show a extensive green roof application and
detail.

<7 Megetation
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£ - Filter layer
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p
n v

vt L Drainage layer

m ",//" Moisture retention layer
T T . Waterproofing jayer
TS Bearing system

Honda Wako Building, Kume Sekkei, Tokyo
Figure 1. Extensive green roof application and detail (URL-II, Pehlevan,

Yasar ve Magka, 2010)

Intensive Green Roofs

The second of the two types of green roofs is the intensive green
roof. As the name implies, this type of roof rieeds more attention and is
more labor intensive. An intensive green roof has a 2200mm of growing
medium, therefore more serious weight and structural implications than
an extensive roof. Because of the deeper growing medium, intensive
roofs are able to support a wider range of plants including trees. This
roof is capable of recreating the typical backyard garden above the

ground. Figure 2 shows an intensive green roof application and detail.
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Figure 2. Intensive green roof application and detail (URL-III, Pehlevan,
Yasar ve Macka, 2010)

The deeper root systems the traditional garden plants have require
irrigation systems to be“used in intensive green roofs, illustrating why
more maintenance is involved for this roof than an extensive green roof
(Figueroa, 2008).

In terms of sustainable architecture, each green roof type that
mentioned above provides several environmental, economic, aesthetic

and physiologic benefits.

2. Benefits of Green Roofs
Benefits of green roof systems can be classified into four groups
such as environmental, economic, aesthetic and physiologic benefits.

Figure 3 shows benefits of green roof and their sub-group.
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Figure 3. Benefits of green roof and their sub-group (Velazquez, 2005)

2.1. Environmental Benefits

2.1.1, Stormwater Management

Conventional roof systems do not retain a significant amount of
stormwater. Most stormwater quickly flows off the roof and enters
municipal stormwater or sewer systems, often resulting in overflow and
wastewater contaminants that are released into the environment. For
this reason, stormwater management strategues (minimizing and
retaining stormwater run off during rain events) are often high priorities
for city planners. Depending on vegetation type, substrate components
and depht, and roof slope, a green roof system can slow the run off from
rooftops and spread stormwater run off over a longer period of time by
retaining as much as 60 to 100% of the rainwater. Green roofs can delay
runoff between 95 min. and 240 min., compared with conventional roofs
(Durhman, 2005, Getter,K.L. et al, 2006),
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Green roof systems can be used a control mechanism for waste
water management in urban areas. When stormwaters arrive green roof
surface, one part of their are retained by plant body and leaves. Waters
exceeding plant body and leaves arrive growing medium and other one
part of their also retain in this layer. As for one part of floating waters
from growing medium store in drainage layer to meet water requirement
of plants in dry period. Waters in plant body and leaves and water
molecules in the section that close roof surface of growing medium are
returned back to the atmosphere through evapotranspiration (Liu, 2004).
Figure 4 shows behaviours against incoming stormwater of conventional

and green roof systems as scheme.

absorbtion
T N VIO W & N A
i

ll ;i . {5 ANE B LN

i
! evapotranspiration

|

Conventional roof Green roof
Figure 4. Flow scheme of incoming stormwater in conventional and green
roof
Water molecules that store in growing medium and drainage layer
arrive plant roots through evaporation in hot and dry air in summer.
Thus, amount of stormwater transmitted city sewer system significantly
reduce (Liu, 2004).

2.1.2. Water Quality Improvement
Greenroofs also filter and cool water runoff. They can help prevent

nitrogen, phosphorus, and toxins from entering streams and waterways.
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Heavy metals and nutrients found in stormwater are bound in the
engineered soil of the greenroof instead of being discharged into
groundwater or streams and rivers. Greenrcofs can remove over 95
percent of the cadmium, copper, and lead, and 16 percent of the zinc,
from rainwater. They can also substantially reduce nitrogen levels
(Velazquez, 2005).

2.1.3. Reduced of Urban Heat Island Effect

The urban heat island effect is a phenomena facing many urban
areas developed cities experience temperature 20-30°C higher
temperatures than agricultural land in the surrounding areas
(Durhman,2005). In a great deal of roofs in urban areas, building
materials like concrete that absorbs heat and reradiated surrounding are
used. Emissivities of these outer roof surfaces cause heat island effect.

Green roof plants through their leaves provide shade effect so they
asist to regulate heat island effect especially in scarce vegetation areas.
Air temperatures of cities are higher than its rural areas surrounding as a
result of heat island effect. This event effects negatively not only
economy but also human health. Figure 5 shows behaviours toward solar

radiation of conventional and green roof systems.

Surface temperature

|

Color, texture, moisture i1 Indoor gnvironment temperature

Indoor environment

Evapotranspiration
shading
Heat storage

Figure 5. Behaviours toward solar radiation of conventional and green
roof systems.
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People occur sleeping problems to increase indoor environment
temperature especially nights in summer months. Using artificial
ventilation to avoid this problems increases using cost. Heat isiand occur
in highly concentrated areas of dark-colored, impermeable surfaces that
absorb solar radiation and reradiate it back into the ambient air. The
majority of roofs in urban areas are of asphalt or concrete, materials that
absorb and reradiate heat the most. The prevalence of those rooftops is a
major contribution to the heat island effect. Forestation and vegetation
studies in cities to reduce this effect should be increased. Plants through
providing shade protect hard surfaces such as concrete, asphalt from
excessive heat and provide cooling of air through moisture saving
surrounding. All of the alive plants assist development of local climate
(Figueroa, 2008).

2.1.4. Air Quality Improvement

Greenroofs can filter and bind dust particles, and naturally filter
airborne toxins. Smog, sulphur dioxide, carbon dioxide, and other
pollutants are absorbed and filtered through the foliage, naturally
cleaning the air. Atmospheric dust is held until rain washes it off into the
greenroof soil substrate. Greenroofs can also help mitigate the ozone
problem in urban areas by reducing the heat island effect, which
contributes to ozone creation. Studies have shown that an increase in
ozone levels adversely affects sufferers of asthma and other breathing
conditions. Increasing vegetated areas, including greenroofs, can greatly

improve air quality (Getter, K.L. et al,2006).

2.1.5. Erosion and Sedimentation Control
Greenroofs can help protect watersheds and sewer systems. They

act as erosion barriers by reducing stormwater volumes, and assist in the
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control of sediment transport and soil erosion. Plants and media
properties (friction, root absorption, and substrate matter) can prevent
substances from entering a stream corridor or other body of water
(Velazquez, 2005).

2.1.6.Wildlife Habitat Conservation, Creation, and
Restoration

Green roofs provide connection with nature in our designs.
Vegetation accommodates natural habitat, nutrients and soil, provides
visual aesthetic, acoustics and visual privacy. In addition, it gives shade
and allows providing nutrient production or other sustainable products in
some conditions. The main aim of environmental friendly design protects
local vegetation and restores it. By using green roofs, a natural
environment is created. That people have a garden in their building roofs
bring about occuring nature of consciousnes (Figueroa, 2008).

Green roofs have great importance in terms of natural life in cities
because natural habitats in cities are scarce. They assist to protect
habitat and biodiversity and provide a oasis life into sterilized urban

environment (Velazquez, 2005).

2.1.7. Environmental Noise Reduction

Hard surfaces in urban areas are more likely to reflect sound,
whereas green roofs absorb sound waves bécause of the nature of the
substrate and vegetation. At the airport in Frankfurt, Germany, a 10-cm-
deep greenroof reduced noise levels by 5 dB. Other research shows that
12 cm of green roof substrate alone can diminish noise by 40 dB. There
have been ample scientific studies on the effects of noise exposure to
humans, with hearing impairment, hypertension and ischemic heart

disease, annoyance, sleep disturbance, and decreased school
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performance being just some of the problems found (Getter, K.L. et al,
2006).

2.2. Economic Benefits

2.2.1. Increased Roof Longevity

Greenroofs in Europe have easily lasted from 40 to 75 years, or

even much longer. Common theory holds that roof life can be at least
doubled, and perhaps tripled or more, with a greenroof. The main
reason for this is that the multiple layers protect the waterproofing
membrane and structural elements from damaging ultraviolet rays, wind,

and temperature fluctuation extremes (Velazquez, 2005).

2.2.2. Reduced Energy Consumption and Costs

Building heating and cooling costs can be reduced by roof
vegetation because green roofs insulate and minimize temperature
extremes. Green roof protects the roof component from solar radiation
thus reducing heat flux into the building during the summer, and insulate
in the winter. Stein (1990) reported that vegetative roofs decreased the
inner air temperature of building by 5°C (Stein, 1990). Another study
correlated a 50% reduction in heat flux into a room with a 30 °C
(Onmura et al.,, 2001). Saving in energy costs are dependent on the
regional climates and may be enough to pay for the extra cost of a green

roof system over a certain number of years (Durhman, 2005).

2.2.3. Increased Developable Space

The number of common puplic areas that can get together of people
are less in urban areas, especially in density housing and indusrial areas.
Roofs have a great potential in constituted of these areas. Roof spaces
that constituted by using green roof systems will can be used as
breathing corridor of city. In addition, they will generate a
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communication center location in the apartment life that are limited
people communication (Tokag, 2009).

2.2.4. Increased Points in the LEED™ Rating System

Numerous government and non-profit agencies have the goal of
creating environmetally responsible best management practices
regarding the life-cycle cost of the built environment. For example, The
U.S. Green Building Council (USGBC) leads the coalition representing
industry on environmental building matters. The USGBC mission is to
produce a new generation of buildings that deliver high performance
inside and out: environmentally responsible, profitable and healthy
places to life and work. Representing all segments of the building
industry, USGBC members developed the Leadership in Energy and
Environmental Design (LEED) Green Building Rating System. This system
is a voluntary, consensus-based national standart for developing high
performance, sustainable buildings. Building projects may be qualified
for LEED certification at three i...is, which are defined by the total
points received for the projects. For certification of a building, green
roofs can count directly to two of the 69 points, written in LEED as
‘potential  technologies and strategies’” under the stormwater
management and heat island effect categories on energy efficiency and

water efficient landscaping (Durhman, 2005).

2.2.5. Increased Building Marketability

High-rise apartments, office space, and even hotel rooms with the
enhanced natural view afforded by greenroofs can support higher rents
or room rates and help maintain increased levels of occupancy. Resale
prices also increase with the added value of additional greenspace
(Velazquez, 2005).
2.2.6. Emerging Synergy with Solar Power
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Energy production of photovoltaics using on green roof because of
lower temperature on vegetation is higher than its conventional roofs.
Thus, amount of energy obtained by integrating of photovoltaics on a
green roof considerably increased (Velazquez,2005). Figure 6 shows a

photovoltaic panel application integrated on a green roof.

Figure 6. Green roof and application of a photovoltaic panel

2.3. Aesthetic Benefits

Nowadays, the development in buildings in terms of aesthetics
together with transfered non-using roof space of green areas meeting
deficit of natural habitats in urban areas that are inadequate of green
areas have been mentioned about. Apart from aesthetics topics, building
usage areas are also increased by using green roof systems

Roof spaces should be seen as regions providing garden function in
areas with density population. Buildings that using vegetation areas are
more economic than other buildings that non-using vegatative areas in
terms of aesthetics and usage area. In addition, that building owner
invested and sense about environment consciousness in terms of
sustainable architecture will be rised his prestige obtained into

surrcunding communities. When using in forestation of strategic points
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that require for building construction in urban areas is considered, using
for building of these points and destructed vegetation as green roof
system again take place in building increase these lands’s values in
urban areas (Tokag,2009).

2.4. Physiologic Benefits

2.4.1.Appealing to Biophilia

A connection to nature appears to be a part of our evolutionary
heritage --a concept that sometimes is called "biophilia."Perhaps because
of this connection, being able to view and experience nature is excellent
for our mental heath. Therapeutic roof gardens are becoming popular in
hospitals, care centers, and similar settings. Experiencing the change of

seasons is life-reassuring (Velazquez, 2005).

2.4.2. Making Employees Happier

Greenrcofs have the potential to make workers happier by
enhancing their surroundings. This in turn could improve business
profitability since it has been theorized that enhancing the emotional or
physical comfort of employees can increase productivity and lower
absenteeism. Greenroofs help visually ease the stress created by the lack
of greenspace in urban buildings. Natural views reduce aggression and

increase calm (Tokag, 2009).

2.4.3. Fostering a Sense of Community

Greenroofs can create sustainable interactive community spaces
where people can garden, visit, play, and relax together. They also offer
opportunities for educating the public through displays and interpretive
signage describing the greenroof design process (Velazquez, 2005).
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3. Standards Considered In The Green Roof Design

Green roofs provide exceptional benefits through their thermal,
hydrodynamic, and protective characteristics, but the only way their
economic impact can be fully appreciated is by allowing variances to
established standards and codes for roof systems incorporating
vegetation.

Since the individual components of a green roof can be selected or
created for a wide range of design possibilities, complying with standards
at the component level is a reasonable approach. Exceptions to this
would include clarifications in building codes for the total dead-weight
(wet and dry) and live Ig‘ads, fire safety, and provisions for membrane
inspection or monitoring‘,. Fire safety is a topic still debated, partly
because of misunderstandings regarding the overall construction and
type of vegetation used in green roofs. For example, tall grasses are
often considered a fire hazard while succulents are fire resistant.

Currently, green roof systems are not addressed by the American
Society of Heating, Refrigerating, and Air-Conditioning Engineers
(ASHRAE). A Green Roof task group established in October 2001 by
ASTM International Subcommittee E06.71 on Sustainability has created a
statement of work to explore ways in which to assess green roofs
(WK575-February 2003). ASTM standards based on FLL pattern
(Meadows, 2010).

The German Landscape Research, Development and Construction
Society (FLL) is an independent non-profit organization. It was founded
in 1975 by eight professional organizations for “the improvement of
environmental conditions through the advancement and dissemination of
plant research and its planned applications”. The FLL green roof working
group is only one of 40 committees which have published a long list of
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guidelines and labor instructions. An English version entitled "Guideline
for the Planning, Execution and Upkeep of Green Roof Sites” was issued
in 2002. The document covers design. It is one of the main document for
the Planning, Execution and Upkeep of Green Roof Sites. FFL guideline is
considered many countries such as Germany, Holland, Hungary,
Denmark, Japan and USA in the green roof applications. Why FFL
guideline is accepted by many countries, it can be applied different
climates and regions conditions. The FLL has been working on standards
for green roof technology for 25 years (Philippi, 2009). Sections and their
contents of FFL guideline are given in Table 1.

Table 1. Sections and their contents of FFL guideline (Banting et al.,

2005)

Section 1 Appligability and relationship to other standards off
guideline

Section 2 Types of green roofs

Section 3 The general information about benefits of green roofs

. Discussion of building type and roof construction that

Section 4 . S :
will be applied in green roof design.

Section 5 Providing of technical construction requirements for
green roofs.
Introduction the various components of the vegetation

Section 6 area such as the growing medium, filter course,

drainage course, protective layer, root-penetration
layer, separation layer and the anti-bonding layer.
Providing of detailed information about the materials,
their requirements and cgnstruction of the drainage
course, filter course, and the vegetation support course
Providing of detailed information pertaining to the
planting of

vegetation, its cultivation and maintenance.

Providing of details of the tests that should be
Section 12 conducted to ensure components meet the
requirements set out in the guidelines.

Providing useful reference data related to weight of
Section 13 materials that can be used to determine structural
loads.

Sections 7,8,
and 9

Sections 10 ve
11
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4, Green Roofs Rating Systems

Green roofs are designed according to available standards and
regulations. But, how designed green roof are eveluated each other is
also a significant issue. In this issue, several building rating systems that
constituted considering different criteria are exploited in the evaluation
of sustainable buildings each other. Table 2 shows rating systems using

worldwide and development databases of these systems.

Table 2. Green building rating systems and development databases of

these systems {(Fowler and Rauch, 2006)

Rating Systems

Development Databases

BREEAM
BREEAM Canada
BREEAM Green Leaf
LEED

LEED Canada
LEED India

LEED Mexico
Calabasas LEED
CASBEE

SBTool

CEPAS

Green Star
Green Globes
Green Globes Canada
Green Globes UK
HK BEAM

Labs21

SPIRIT

GOBAS
GBRS-KOREA
Protoco! ITACA
MSBG

IDP

Orjinal

BREEAM

BREEAM, Green Leaf
Orijinal

LEED

LEED

LEED

LEED

Orjinal

Orjinal
LEED,BREEAM,HKBEAM,IBI
BREEAM,LEED

Green Globes Canada
BREEAM,Green Leaf
Green Globes Canada
BREEAM

Orijinal

LEED

LEED,CASBEE
LEED,BREEAM,BEPAC
SBTool
LEED,GBC'98, BREEAM
Orjinal

One of the best examples of green roof rating systems

constituted by FFL in 1998, This system is used to evaluate green roofs
in ekistics, given building license and received settlement. The base point
is determined as ‘10’ for each centimeter of plant rooting depth of each

square meter of green roof area in this system. For example, building
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that has plant rooting depth of 10 cm is gained 100 point (10 point x 10
cm) for each square meter of green roof according to this system. For
these points, roof construction should be met some criteria from below
categories. These categories are;

-Water retention capacity of plant structure,

-Water retention capacity of drainage layer,

-Plant varieties in the scarse green roofs,

-Biomass of plants or volume of plants for densely green roof.

Another one green roof rating system is ‘Karlsruhe Performance
Evaluation System’. This system evaluates green roofs according to five
natural functions. These functions and categories are evaluated
according to weight of importance. These functions together with their

weight are given below.

-Type and depth of soil (Soil) - %15
-The effect of climate through evaporation (Climate) - %15
-Type and varieties of plants (Flora) - %30
-The effect of zoological biodiversity (Fauna) - %30

-Yearly avearage stormwater retention (Water balance) - %10
(Karaosman, 2008).

LEED (Leadership in Energy and Environmental Design) from other
green building rating systems is formed by an interdisciplinary group in
USA in 1993. The system has been constant developed and introduced
public in 2000. But, it has been renewed as a alive document three
annually. The evaluation system that is constituted by the USA Green
Building Council bases on several prerequisites and credits. To obtained
bronze, silver, gold and platinium certificate, 40 %, 51-60 %, 61-80 %,
81 % of credits and all of the prerequisites are completed respectively.

Most credits base on performance. In other words, development levels
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are measured according to a standard that are determined instead of
obvious design strategies and technologies.
Evaluation criteria of LEED;
« Sustainable site planning
¢ Protection of water quality and usage efficiency
s Energy efficiency and renewable energy usage
e Protection of materials and resources
e Optimization of indoor environment quality
Green roofs related to its design can provide 7 or more credits into
LEED building rating system. The number of minumum credits that
require for certification are 26 credits of 69 credits that are potential
credit. Green roof can as;ist building owners for accomplishment of LEED
certifications in different categories. All of green roofs provide to increase

points in building evaluation (McEwan, Wheatley and Alonso, 2009).

5. Green Roof Applications

In worldwide, different green roof applications have been occured
for ages. But, the numbers of green roof applications have increased
especially thanks to better comprehended of benefits of green roofs for
fast decade. Several green roof application examples are given and
benefits of these roofs are mention about below.

Square Shopping Center, Istanbul, Turkey

Square Shopping Center that is designed for a moderate climate
region is completed in 2007. In terms of sustainable architecture, the
most attractive feature of its is that it has sloped green roofs covered of
closed spaces. Roofs covered with grass undertake task that is a green
oasis in the middle of Umraniye Region. This building provides 1.3 KWh
of energy saving annually, prevents production of harmful contaminants
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and gases for environment and 350 ton of carbondioxide cycle annually.

Figure 8 shows green roof of Square Shopping Center.

Figure 7. Square Shopping Center, Turkey (URL-IV)

Fukuoka Prefectural International Hall, Fukuoka, Japan

Green roof is applied in south elevation of building as an alternative
solution response destruction of green land as a result of rapid building
construction in the city of Fukuoka in Japan. This roof has 100,000-
square-foot park in the form of 15 terraces a top a government building
in Japan. 35,000 plants representing 76 different species take place at
top of this roof. It provides necessary criteria in maximum levels in terms
of sustainable architecture. Figure 8 shows green roof of Fukuoka

Prefectural International Hall.
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Figure 8. Fukuoka Prefectural International Hall, Japonya (URL-V)

Solaire Building,New York,USA
Green roof that covers top of Seattle municipality building in New

York is constructed in 2003. Scarce vegatation roof has 13000 feet?
(1170 m?) of area, 1, 5% of slope. This roof application is designed to
meet recreative requirements of people. Thus, it provides increase in
working productivity and happiness of employees. Figure 9 shows green

roof of Solaire Building.

Figure 9. Solaire Building, USA (URL-VI)

California Academy of Sciences Museum,San Francisco, USA
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In design the museum that is in Golden Gate Park in San Francisko,
USA, providing sustainability is considered as main target. Figure 10

shows green roof of California Academy of Sciences Museum.

Figure 10. California Academy of Sciences Museum, USA (URL-VII)

Recycling materials are used in this museum. Because of curly and
green roof, natural ventilation and roof insulation are provided,

stormwater is retained and natural habitats are formed for the living.

6. Conclusions

Nowadays, green roofs find solution environmental problems that
cause density building construction by creating natural habitats and
provide great contribution persistence of s%ystainability of ecosystems.
When environmental, economic, aesthetic and physiologic benefits of
green roof are considered, vegetation of building roofs has great
importance in terms of sustainable architecture in cities that are density
building construction.

Green roof applications greatly develop in countries such as USA,
Germany, England and Japan and standards and rating systems in

related to this issue are constituted. Unfortunately, the importances of
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green roof applications have been realized last few years in our country.
But, experienced specialist and operator that will can study on this issue
can not trained.

In our country, the number of green roof applications should be
increased to leave efficient urban areas that will can live for next
generations. For this, educations and seminars that are necessary should
be organized, an evaluation system as LEED certification should be
adapted our country conditions, and local ve regional authorities should
be apply sanction, constituted standards and regulations in related to
this issue. It is- obvious that the number of these roof applications

increase as occured benefits of green roof.
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