
Some key facts about green roofs.... 
 
•  Green roofs are roofs that are partially or completely covered with vegetation planted over a 
waterproof layer. 

•  Sustainability is driving the interest and market in green roofs. 

•  Due to the signi!cant environmental, !nancial and aesthetic bene!ts of green roofs the industry 
is growing in popularity and gaining momentum around the world.  

•  With increasing governmental support the greening of roofs in cities especially in Europe, the UK 
and the US are appearing less as novelty features and becoming  more standard practice, in some 
cases a mandatory requirement for new buildings. 

•  Every green roof is unique and site speci!c due to variations in climate; the availability of water, 
plant and soil types; structural load bearing, client requirements and budget, accessibility, and 
building type ie retro!t or custom made. ere is no cookie-cutter solution. 

•  Germany is leading the world in this brilliant initiative to help avert climate change and build 
more sustainable societies. Today, it is estimated that about 10% of all German roofs have been 
“greened” though in Stuttgart it is up to 15%. 

•  Green roofs manage stormwater runoff headed toward over taxed sewage systems and waterways. 
ese rooftop gardens can absorb up to 70% of rainwater. 

•  Green roofs look great and have an aesthetic quality that can increase property value. 
	


Photos from top: California Academy of Sciences, San Francisco; green roof in Berlin; Moorgate Crofts, Business 
Centre, Rotherham, UK; the green roof of the Mountain Equipment Co-op store in Toronto, Canada. 



 
 
 
 
Intensive green roofs are characterised by: 
accessibility 
design for social use of the space 
thick soil depths (>250mm) 
heavy weight (requires more weight-bearing capacity) 
greater plant diversity 
increased maintenance requirements 
requires irrigation 
increased capital outlay  
 
 
 
Extensive green roofs are characterised by: 
inaccessibility  
suitability for larger areas 
shallow soil depths (< 250mm)  
lightweight (requires less weight-bearing capacity)  
more suitable for retro!t 
reduced plant diversity 
suitable for sloped roofs 0-30 
lower maintenance costs and can be designed with no irrigation 
tolerate more extreme environments 
lower capital outlay 
 
 
 
 
 
 

Above: Intensive Roof design on CH2 Building 
Melbourne Australia. Photo: Sidonie Carpenter 

e two distinct types of green roofs are ‘intensive’ and ‘extensive’	


Above: Extensive roof design at Vancouver  
Public Library.  

Photo: School of Architecture University.	




 
Ecological bene!ts of green roofs are… 
 
•  control and reduction of stormwater runoff, erosion, and pollution  

•  improvement of water quality 

•  reduction of carbon footprint across building 

•  improvement of air quality 

•  reduction of heat island effect across cityscapes, cooling and cleaning 
the air 

•  reduction of noise and increased !re resistance 

•  creation of new habitats and promotion of bio-diversity across $ora 
and fauna 

•  the ability to create continuous stepping stone habitats that connect 
urbanscapes to natural landscapes 
 

Images from top: Woollaston Estate Winery, New Zealand; Ford Rouge Dearborn Truck Plant Dearborn, 
Michiga;, Nanyang Technological University School of Art, Design and Media, Singapore; Chicago City 
Hall, Chicago, US;  



Aesthetic and social bene!ts of green roofs … 
 
•  green roofs are gardens in the sky….they remind us of an ancient style of 
dwelling while also being extremely contemporary. 

•  green roofs allow a building to have an organic silhouette and texture which  
is visually pleasing and a visual relief from the continuous straight $at lines of 
most cityscapes. 

•  green roofs allow architecture to blend harmoniously within the natural 
environment.  

•  a green roof can allow an architectural structure to site below the skyline 
while still providing all the vantage points of a cliff-top waterfront site. 

•  public housing agencies can provide extra communal roof garden space for 
growing food. 

•  industrial buildings can incorporate green roofs for cooling, providing green 
space for employees and improve the aesthetic surroundings of industrial 
spaces. 

•  green roofs help to provide healthy buildings for healthier people. 
 
 
!

Images from Top: Woollaston Estate, Nelson, NZ; Fukuoka Building, Japan; Chichu Art Museum, Tadao Ando, Naoshima, 
Japan, 2004; Kitakami Canal Museum, Kengo Kuma, Ishinomaki Miyagi,  Japan  



Financial bene!ts of green roofs… 
 
•  reduced carbon footprint of organisation sometimes translating into 
carbon emission reduction trading credits 

•  enhanced public perception of organisation and marketing 
opportunities 

•  savings on heating and air conditioning. 

•  can increase value of property and generate pro!ts for building owners 
and developers 

•  an increased demand for rental leases in the building 

•  users of the building have high appreciation of environment, reducing 
turn over of rental spaces 

•  potential roof top food production.  

•  the life-span of a roof is increased by covering it with vegetation that 
protects the structure from weathering. 

•  potential revenue stream from visitors or by products such as the 
honey from the bee apiary at Ford Rouge Assembly Plant. 

•  leading corporate brands like Gap Inc, Nike, IBM, Herman Miller, 
and Ford have embraced green technologies. 

e GAP Headquarters in San Bruno, CA, 
USA. Designed by William McDonough 
and Partners. Google recently moved their 
YouTube division into the building. 
 
e building features many sustainable 
strategies, including a vegetated roof, raised 
$oor for air delivery under individual control, 
operable windows, and daylighting — all 
justi!ed through rigorous cost-bene!t analysis.  
 
e openness of the design, circulation of 
people, and urbane common spaces encourage 
a strong sense of community.  
 
e unique advanced integration of building 
systems was recognized by Paci!c Gas and 
Electric as the second-most energy-efficient 
building in the state, one that exceeds 
California’s strict energy requirements by 
30%.  



Pre-considerations of green roofs 
 
•  structural load bearing capacity of existing roof if a retro!t.  

•  Potential hotspots in retro!t. Some areas of a roof can carry more 
weight than others. 

•  access (for construction/public  space/disabled/ limited etc) 

•  design brief and intent - extensive versus intensive 

•  cost factors - extensive versus intensive, retro!t versus new 
building. 

•  the range of professionals required across landscape architecture, 
drainage and membrane specialists, installers, maintenance, plant 
specialists, etc. 

•  ongoing maintenance commitments . Green Roofs Australia 
suggest that a 3-5 year contract is reasonable. 

•  to irrigate or not to irrigate due to water availability, storage due 
to building design and climate considerations. 

•  public liability insurance 

•  lighting and safety 

	


Factors of success of green roofs	

	

•  Clear systems and processes 

•  Good communication  between supply, design 
and installation people 

•  Collaboration 

•  Successful team 

•  Client involvement 

•  Project Management – 80% of failures happen 
at construction stage. 



A depiction of the varying degree of the urban heat island effect as a 
function of land use. Gill et al 2007 found that an additional 10% 
green space can mitigate UHI by up to 4°C (7°F). 

Heating and Cooling 
 
Green roofs minimize the Urban Heat Island Effect caused by traditional 
roo!ng which soaks up the sun’s radiation and re-emits heat.  
 
Green roofs counteract the Heat Island Effect by absorbing heat.  
 
Green roofs keep the atmosphere cooler while improving a building’s 
insulation.  
 
A study conducted by Environment Canada found a 26% reduction in 
summer cooling needs and a 26% reduction in winter heat losses when a 
green roof is used. 
 
is reduction in temperature seasonal swings creates signi!cant savings 
in both heating and air conditioning, which in turn has health bene!ts 
for users of the building. 
 

 In addition, greening a roof is expected to lengthen a roof ’s lifespan by 
two or three times, according to Penn State University’s Green Roof 
Research Center. Like low- E windows, green roofs cut down on energy 
consumption and energy costs. 
 
Plants can eliminate greenhouse gases and pollutants, improving air 
quality. e more gardens the better. A roof is a perfect area to have a 
garden. 
 
e life-span of a roof is increased by covering it with vegetation that 
protects the structure from weathering. 

 



Figure 2: Layers of a Green Roof (Low Impact Development Center 	

http://www.lid-stormwater.net/images/greenroof1.jpg) 	


	


e considerations for substrate design 
are impacted by the following 
considerations: 
 
•  issues of mass, weight, depth, decomposition, water, air, nutrients, sunlight, 
and anchorage 

•  the ability to irrigate or not irrigate. In some cities in Australia it is not 
considered morally acceptable to irrigate. In Auckland it may not be necessary. 

•  the structural load bearing of the roof at saturated/live loading 

•  the ability to store water and nutrients for plant growth 

•  substrate depth determines species selections.  

•  sedums do well in lower substrate depths but can die out in deeper substrates 

•  the water holding capacity of the soil. e shallower the container the greater 
the porosity of soil is needed. 

•  the local availability of porous materials. In New Zealand we have good access 
to pumice and scoria though pumice is much lighter. 



Waitakere City Council, Auckland, New Zealand 
 
e council building houses the !rst semi-extensive commercial green roof in New 
Zealand. Waitakere City have conducted three years of research into green roof 
technology, through this initiative. 

e native New Zealand plants trialling on this green roof are:  
Libertia peregrinans (NZ iris)  
Leptostigma setulosa,  
Festuca coxii (Native tussock)  
Dichondra repens 'piha' (Mercury bay weed)  
Acaena microphylla (NZ bidibid)  
Calystegia soldanella (sand convolvulus)  
Pimelea prostrata (NZ daphne)  
Muehlenbeckia complexa  
Selliera radicans  
Muehlenbeckia axillaris  
Disphyma australe (New Zealand iceplant)  
Muehlenbeckia ephendroides  
Coprosma acerosa (sand coprosma)   
 
e growing media consists of: 
 20% hydrated clay (4-8mm grade) Hydrotech 
20% pumice (4-8mm grade) 
30% pumice (1-2/3 mm grade) 
30% Perry’s garden mix or Living Earth mix 
 
Cost per square metre approx. $192/sqm for elements speci!c to the green roof. 
Please note that this cost is higher than would be expected due to the unknown aspects of 
developing the !rst green roof of its kind in New Zealand. 
 
 
Images supplied by Waitakere City Council 
 
 



Ford Rouge Dearborn Truck Plant  
Dearborn, Michigan 
 
e largest living roof in the world spans a10-acre (454, 000 square feet) area. Birds 
arrived after !ve days once the roof was put down. 
 
e green roof is a part of a comprehensive effort to provide a model for 21st Century 
sustainable manufacturing and is a signi!cant component  of a site-wide 600-acre 
stormwater management system. 
 
e design dramatically reduces the ecological footprint of this large manufacturing 
facility. e assembly plant's roof is also expected to improve air quality above the roof 
by 40%, in terms of dust absorption and the decomposition of hydrocarbons. 
 
is green roof is expected to retain half the annual rainfall that falls on its surface.  
 
e roof also provides habitat, decreases the building's energy cost per year, and protects 
the roof membrane from thermal shock and UV degradation, thereby extending its life. 
	

Renewable energy: Solar cells and fuel cells provide sources of renewable energy 
 
Ford has also established a bee apiary on the Visitor Center site adjacent to the Truck 
Assembly Plant. Honey produced by the bees is being collected and bottled. Honeybees 
have been positively identi!ed gathering nectar from the sedum blossoms. 
 
e roof is key to Ford's visitor education program attracting over 200,000 visitors per 
year. Ticket prices are $15 per head generating considerable revenue, for the plant. 
 

ABOVE: Ford Rouge Dearborn Truck Plant,  
Architect: William McDonough 



New York Expands Green Roof Incentives  
– August 2008 
 
 
•   New legislative changes designed to encourage people throughout New York 
state to install green roofs, grid-connected solar and wind power systems, 
systems that generate power from farm wastes.  

•  A new senate bill creates a tax abatement for buildings that install green roofs, 
ie rooftops covered with vegetation.  

•  e one-year tax abatement applies to buildings that cover at least half of 
their rooftop space with vegetation and is equal to $4.50 per square foot of 
green roof, up to the tax liability on the building or $100,000, whichever is 
less.  

•  e green roof tax abatement is in effect from 2009 through 2013. Both laws 
apply only to properties located in cities with populations of one million or 
more, which limits them to New York City.  

•  Most of the bills relate to net metering, which allows homeowners and 
businesses to earn credit for any excess power that they feed back into the 
electric grid.  
���
���
���
	


Above:  New York as if it was covered in green roofs. 
Below: Cook Fox Architects Building Chelsea, New York 



Department of 
Primary Industries, 
Victoria, Australia 
 
New 6+ rated ‘green’ research facility 
on e Narrows at Queenscliff -  
considered the best designed green 
roof in Australia. 
 
e landscaping forms the roof and 
acts as a thermal mass.  
 
e facility provides $exible 
laboratory, teaching and public 
display areas with natural 
ventilation, waste management and 
an arti!cial stormwater wetland.  
 
Winner 2005 RAIA Institutional 
Architecture Award. 



Woollaston Estate Winery 
Upper Moutere,Nelson, New Zealand 
 
•  Certi!ed as sustainable under the Sustainable Winegrowing New 
Zealand accreditation scheme 

•  Savings in power are achieved in both the heating and cooling of the 
insulated wine tanks due to passive cooling and insulation provided by a 
living roof and through being partly buried in a south-facing hillside. 

•  e green living roof effectively recreates the hillside in which the 
winery has been submerged. 

•  A separate structure housing an art gallery also has a living roof  

•  e roof is covered in a range of native tussock grasses including Poa, 
Carex and low growing shrubs including Muehlenbeckia, Hebes and 
Coprosma. 

•  Gravity moves the wine down through the four level building, 
minimising the use of pumps which reduces electricity use as well as 
aiding the gentle handling of the wine. 

•  Winner of the 2007 Design Award for the New Zealand Institute of 
Architects 
 

	




THIS PAGE: Woollaston Estate Winery, Upper Moutere, New Zealand 



ABOVE: Woollaston Estate Winery, Upper Moutere, New Zealand; showing structural supports for living roof 



Living Light Candles 
Tukurua Gallery, 
Golden Bay, New Zealand 

 
e green roof provides a range of bene!ts including 
aesthetic appeal to this candle retail outlet. Green roofs 
look especially good with rammed earth as this 
building is.  
 
e green roof serves as an insulator against heat in 
summer to prevent candles from melting and cold in 
winter to prevent candles from cracking, providing 
savings in cost for air conditioning and heating. 
 
Green roofs recommended for retail stores of 
perishable goods including butchers, green grocers, 
plant outlets, etc. 
 
e green roofs is planted with a range of native and 
exotic grasses and looks a lot like the very old tufted 
green roofs from early Denmark. 



Some interesting facts about green walls 
 
A green wall is exactly what it sounds like - a vertical planting on the side of a building, 
motorway  etc.  
 
Green walls, bring similar advantages to green roofs, including increased insulation in the 
winter and improved cooling in the summer; reduce the need for external repainting; and 
they actually clean the air around the building, extend the life of the building. 
 
Green walls can also !lter stormwater and reduce run-off and pollution. 
 
Green walls are very visible to the public eye and are especially aesthetically pleasing.  
 
Green walls add an ecochic-style element to a building and appear in upmarket locations such 
as the Hilton Hotel in New York (left) , the Musee Quai du Branly in Paris and the Ann 
Demeulemeester shop in Seoul in South Korea. 
 
Green walls are especially suited to airports and motorways or places where air quality needs 
to be improved. 
 
ere are a range of greenwall systems to choose from including modular containers, 
industrial felts, green façade. Green walls can also be passive or active such as biowalls that 
plug into airconditioning units. 
 
Because greenwalls are vertical gardens they provide instant space saving bene!ts. 
 
Epiphytes or plants that have aerial roots are especially suited to green walls.  
 
Green walls can promote biophilia or a love of living things in places where not much else can 
grow…. 
 
  

  

ABOVE: Japanese Corporation Shimizu with Minoru  
Industries, has developed an interesting green wall that looks  
good and seems relatively affordable at 80,000 yen per square 
metre, about $80 US per square foot. is "wall surface 
afforestation system" (parabienta) is light, can be designed in 
different patterns and grids, and cools the building  
signi!cantly. Image from Tree Hugger 

ABOVE: e Hilton Hotel, New York, from http//:www.brownstoner.com. 
Below: Green!x Sky Garden in the UK installed this green wall adjacent to the O2 entertainment arena in South-East London. 



Ecochic styles… 
 
LEFT: Minsuk Cho of Mass Studies Architects 
designed the green wall on the left using G-
Sky Living Wall Panels. e client was Ann 
Demeulemeester shop' (Seoul, South Korea), 
2007. 
 
RIGHT: e green wall on the right was 
designed by Parisian botanical artist Patrick 
Blanc called “Vegetal Wall”.  
It is housed in the 21st Century Museum 
of Contemporary Art (SANAA) and was 
designed by architects Kazuyo Seijima + 
Ryue Nishizawa 
 



���
Ecologically intelligent design must be 

integrated, mimicking nature to 
harvest energy from the sun, produce 

oxygen, sequester carbon, manage 
water and  

provide habitat. 
 

Green Roofs Australia 



Our goal is very simple, it is to help create a  
delightfully diverse, safe, healthy, and just world,  

with clean air, water, soil, and power — economically, 
equitably, ecologically, and elegantly enjoyed.”  

 
 
 

William McDonough 
	



