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FOREWORD

For many years, greenroofs have been utilized by European architects and developers,
who have realized their many benefits. The United States has, to date, been slow to
embrace the concept. The intent of this report is to reveal the benefits of greenroofs in

hopes of stimulating their use in this country.

SUMMARY

Greenroofs are beneficial ecologically, economically, aesthetically, and physiologically.
They help keep the environment stable, save money, add beauty to the landscape, and
provide a place of relaxation. These greenroof systems need to be used more extensively
in the United States as they are in Europe. They will help alleviate the problems

conventional roofs create.

1.0 INTRODUCTION

Human race has been captivated by the possibilities of growing plants on roof tops for
over 2,000 vears. The Hanging Gardens of Babylon, a ziggurat created by
Nebuchadnezzar around 600 BC, is believed
to have been planted with exotic plants on a
series of terraces watered by slaves.
Numerous examples reappear throughout
history. Because of the high price of land in

Figure 1. Hanging Gardens of Babylon Rome, owners of villas put gardens on their






According to J. William Thompson, the greenroofs movement in North America
resembles an infant struggling to crawl (Thompson, pg. 13). This industry is now just
beginning to gain a foothold here in North America. “I record this assessment with some
regret because green roofs have been tested and proven for decades in Germany and, if
applied more widely (and more successfully) on this continent, could go a long way
toward greening America’s cities and suburbs” (Thompson, pg. 13). The Europeans have
discovered that greenroofs are very beneficial. These benefits fit into four categories:

Ecological
Economical
Aesthetic
Psychological
This thesis will explain the benefits of greenroofs in each of these categories.

By definition a greenroof is a vegetated roof cover with growing media and plants

that take the place of bare membrane, gravel ballast, shingles or tiles
Greenroofs are

also called eco-roofs, nature roofs, or

roof greening systems. There are two

different types of greenroofs, extensive

and intensive. An extensive greenroof is

low-profile, thin and has less layers, Figure 4. Extensive Greenroof

lighter, less expensive, and very low maintenance. They can be constructed on roofs with

slopes up to 33%. They are not intended for heavy loads. Intensive greenroofs are high-







cool areas. Downtown Salt Lake is extremely hot. This is due to the many acres of
paving, rooftops, and plantless areas. Meteorologists suspect that large areas of asphalt
paving have caused thunderstorms to develop in the afternoon. This in turn causes the
city’s storm sewers to be overwhelmed. This absorption of heat also causes the nighttime
temperature of urban areas to be warmer as well. In contrast, vegetated areas are much
cooler. Urban forests are encouraged to help keep developed areas cool, and greenroofs
aid in this effect. A study in Toronto shows that an ungreened roof reached 158 degrees
F (70 degrees C) and a greened roof reached 77 degrees F (25 degrees C) (Dunnett, pg.
29).

2.2 Reduce Ambient Air Temperatures and Increase Humidity Levels

Greenroofs help the vertical mixing of ambient air, producing lower temperatures. It is
also important to have moisture in the air because dry air can cause problems with
breathing. When plants capture precipitation, humidity levels increase through the
process of transpiration which also provides a cooling effect. Additional cooling occurs
as dew is released during the day through vaporization (Thompson, pg. 46). In urban
areas where greenroofs have been installed, warmer air above hard surfaces rises,
lowering temperatures above the vegetated roof cover But there
needs to be more than just one roof that is greened. An extensive network of roof
gardens in an urban area could reduce the temperature by several degrees by covering
heat-retaining spaces with more reflective ground cover (Osmundson, pg. 31). With

more greenroofs, large air temperature fluctuations can be mitigated in urban areas.




2.3 Provide Habitat for Wildlife

With development there is the loss of wildlife habitat. Greenroofs help replace some of
this habitat. They can help reconnect corridors for wildlife that live in urban settings. “In
highly populated areas, greenroofs could represent island habitats, or better yet, stepping
stones using a series of them for wildlife movement” . A diversity
of wildlife could inhabit greenroofs, including beneficial insects, birds, bees, and
butterflies. Studies have been completed that show that butterflies can reach up to 20
stories high and birds can reach up to 19 stories high . At the
Mountain Equipment Co-op in downtown Toronto, Canada, the greenroof attracted
raccoons, possum, and a duck. The duck even laid eggs and the eggs hatched there
(Johnson, pg. 24). Native plant gardens do better when there is wildlife, working in a
symbiotic relationship. The greater the diversity of plant life, the more diversity of
wildlife will inhabit that space. Through the use of greenroofs, the enhancement of
biodiversity is closely linked to the habitat or vegetation type that is being used as a
model for the greenroof (Dunnett, pg. 37).

2.4 Sustainable Design

A sustainable design is a design that meets current needs as well as the needs of the
future. One of greenroofs' greatest sustainability factors is the reduction or conservation
of a structure's heating and cooling resources . A greenroof is also
self-maintaining, requiring a minimal input of outside resources and energy. Greenroofs
are becoming more popular and beneficial to the environment and the needs of people.
Greenroofs will become a major part of future design. When developed on a greater

scale, roof gardens can play a significant role in maintaining a healthy ecosystem,



especially in built-up areas (Osmundson, pg. 29). Also, food production aids in the
sustainability of the greenroof (see section 3.12).
2.5 Stormwater Management
Many of the nation’s cities have overburdened sewer and stormwater systems. When
development occurs, runoff is directed towards these systems. In a natural system,
wetlands and floodplains handle this water even in times of extreme precipitation. A goal
of development should be to return the water to where it would have fallen on the soil,
which can be accomplished by retention ponds or by greenroofs. Stormwater can be
retained on greenroofs or held in reservoirs to be reused for irrigation instead of running
off the building contributing to the excess water below. Depending on rain intensity and
greenroof soil depths, runoff can be absorbed between 15 to 90%, thereby considerably
reducing the runoff and potential pollutants from traditional impervious roofing surfaces
The roof garden at the headquarters of Bazzani Associates in

Grand Rapids, Michigan, absorbs 90% of the rainfall that falls on it (Davis, pg. 58). At
the Tom Lipton house, when 4/10” of rain fell (about 40 gallons of water), only 3 gallons
of water went to the ground as runoff (Thompson, pg. 50).

Runoff can affect the quality of natural waterways. In many older cities, such as
New York, the sewer system serves as a collection facility for stormwater runoff. A
heavy downpour of '2” or more causes sewer to overflow into the storm tunnels leading
directly into nearby waterways (Osmundson, pg. 31). 75% of rainfall in towns and cities
is lost directly as surface runoff compared to 5% for a forested area, and in industrial and
shopping centers the amount rises to 71-95% (Dunnett, pg. 43). Think of the possibilities

for this excess water.




2.6 Control Sediment Transport and Soil Erosion

Greenroofs reduce water runoff, therefore reducing the amount of soil eroded by water.
Sediment and soil is not as apt to clog streams and drainage channels. The vegetation of
greenroofs holds the water back from running off more quickly. The soil in roof gardens
can hold as much as 15-20% of the rain falling on planted areas for up to two months
releasing it more slowly into a city’s storm system (Osmundson, pg. 31). There needs to
be a network of greenroofs for this to work. One roof is not enough to control a
significant amount of runoff.

2.7 Vegetation Absorbs Pollutants

The vegetation on greenroofs absorb pollutants from rainwater and the air. Pollutants
such as heavy metals and nutrients are bound to the soil instead of being transported
downstream to rivers or groundwater. Over 95% of cadmium, copper and lead and 16%
of zinc can be taken out of rainwater . The levels of nitrogen fall
as well. Many cities get their water from streams and rivers that flow through the city. It
is important to keep these waterways clean for use. Without a greenroof, roof runoff
contains contaminants from the roofing materials that will flow down into the water
supply. Plants also absorb carbon dioxide and release oxygen which recharges the

atmosphere with clean air.

3.0 ECONOMICAL

Economics sometimes dictate how a building is to be built which results in building
cheaper structures. This trend should be reversed and the investment in building

structures with greenroofs will bring financial savings later. The economic benefits are



reasons for cities, developers, and private residences to consider implementing a
greenroof.

3.1 Reduction in Building’s Energy Costs

A greenroof acts as a natural thermal insulator. [t causes the structure to be cooler in the
summer and warmer in the winter. This results in reduced electricity consumption to
cool the structure in the summer and heat it in the winter. According to an article from
the Environmental News Network, a 3 to 7 degree temperature drop translates to a
10% reduction in air conditioning requirements. For a one-story structure with a green
rooftop, cooling costs can be cut by 20 to 30%. The Weston Design Consultants recently
conducted an energy study for the city of Chicago which estimated that it would be
possible to save $100,000,000 in saved energy annually with the greening of all of the
city's rooftops. The bottom line is that "Peak demand would be cut by 720 megawatts -
the equivalent energy consumption of several coal-fired generating stations or one small
nuclear power plant

Substantial savings can be achieved by implementing a greenroof. Indoor temperatures
are 6-8 degrees F (3-4C) cooler with a greenroof when outdoor temperature is 77-86
degrees F (25-30C) (Dunnett, pg. 33).

3.2 Comparable to the Cost of Conventional Flat Roofs

When consideration of maintenance of a conventional roof and the reduced energy costs
are taken into account, the lifetime cost of a greenroof is comparable to the cost of a
conventional flat roof . Greenroofs are unobtrusive, low

maintenance, and great stormwater managers. Conventional roofs need periodic repairs






summer roofs can reach up to 176 degrees F and in the winter roofs can drop to -4
degrees F . These temperature differences can cause the roof to
crack, fracture, and to weather. By implementing a greenroof it reduces stress on the
roof, extended the roof’s lifetime by as much as 20 years. Other estimates say that a
greenroof can triple the life of a roof . Here is a comparison of a
conventional roof and greenroofs in regards to cost per square foot and roof life (based on
2002 U.S. prices).

Conventional Roofing: $4-8.50 per sq ft (15-20 year roof life)

Extensive Greenroof: $10-20 (50-100 year roof life)

Intensive Greenroof: $20-40 (50-100 year roof life) (Dunnett, pg. 32)
It is evident and more practical to install a greenroof and have the roof last longer than to
install a conventional roof and replace it several times over.
3.5 Noise Reduction
Greenroofs have great noise reduction properties. The thickness of the greenroof
insulates the building from noise pollution. Greenroofs are especially beneficial in areas
near airports. The amount of noise reduction depends mostly on the thickness of the soil
substrate and additional factors such as leakage from skylights, but overall, up to a 50
decibel noise reduction is possible
3.6 Possible Impervious Coverage Restrictions Reduction
As mentioned in section 2.5, the creation of greenroofs can cut down considerably on
stormwater runoff, possibly reducing the need for large stormwater systems. Retention

ponds or underground galleries might be eliminated entirely, resulting in significant cost-







3.9 Low Maintenance

After plants mature and become established, little maintenance is required. This is
especially true for extensive greenroof systems. Dave Robinson of Mountain Equipment
Co-op says, “The greenroof is virtually self reliant” (Johnson, pg. 24). These greenroofs
will require less energy in the years to come.

3.10 Increases Property Value

Greenroofs enhance the structure that it occupies. An owner can charge higher rental
rates for rental space because the garden is an attraction (Osmundson, pg. 27). Hotel
owners can charge more for rooms that overlook a greenroof or that have direct access
from the room to a greenroof. Greenroofs can also contribute to the renewal of an urban
area. If you put a park on top of a parking structure it increases the value of the space
enticing visitors to stay longer and to convince other businesses to build or stay nearby.
This also results in an increase in tax dollars and more money for the neighborhood
(Osmundson, pg. 27).

3.11 Financial Help

In Stuttgart, Germany the city government adopted a program of subsidizing half the cost
of greening the city’s roofs (Osmundson, pg. 31). Also “43% of German cities offer
financial incentives for roof greening” (Osmundson, pg. 31). Financial aid is available
for building greenroofs in Germany. The US Green Building Council’s Leadership in
Energy and Environmental Design (LEED) voluntary program of the United States, ranks
structures on a credit system according to how environmentally friendly the structure is.

The more credits the more incentives will be received.



3.12 Food Production
One of the best examples of roof top food production is the Fairmount hotel in
Vancouver, British Columbia, Canada. Here, a garden grows all of the herbs used in the
hotel restaurants, resulting in a savings of 25,000-30,000 Canadian dollars. This space is
also used by the guests and room rates are also increased, (Dunnett, pg. 26). Tenants of
apartment complexes can grow vegetables on greenroofs which helps alleviate the cost of
laving to buy vegetables in a store. The
wvangelical Lutheran Church in America
ECLA) established a container garden on the
oof of their parking garage in Chicago. In
997, the garden produced 984 pounds of
egetables from 38 pools in a 1,625 square
oot area. This yield was better than the
Figure 9. FCLA Container Garden average yleld per acre on open fields for the
nation . The food produced was donated

for distribution among feeding programs in the city.

4.0 AESTHETIC

In the post World War II era, greenroofs were mostly constructed for their aesthetic
qualities. Towards the end of the 20" century and the start of the 21*' century other
benefits were realized as explained before, but aesthetic values still are a major reason

why greenroofs are implemented.







and miscellaneous storage that detract from the value of any interior space that looks out

onto the roof (Osmundson, pg. 15-18).

5.0 PYSCHOLOGICAL

Humans have a psychological response to natural beauty and diversity. Usually it is a
calming feeling or a sense of peace. Greenroofs can visually ease the stress created by
the lack of greenspace in an urban environment.

5.1 Quality of Life Enhanced

Green spaces enhance the quality of life. They provide a place to escape and to reflect.
People are healthier when they have a green space to go to. Greenroofs are therapeutic
spaces that affect both mental health and emotional stability. One would rather see a
garden than an asphalt covered roof from their hospital room or from their office. These
may be the only open spaces available in the built-up city. It allows city dwellers to
maintain connection with nature. Roof gardens can bring a patch of country back into
even the most overdeveloped urban space. Such a reminder of our place within nature is
vital to our sense of well-being (Osmundson, pg. 28-29). The therapeutic effects of
having green plants and nature around one are known to be considerable and include
stress reduction, lowering of blood pressure, relief of muscle tension, and increased
positive feelings (Dunnett, pg. 28-29). Thoreau even suggested that every community
should have its own patch of woods where people could refresh themselves because

nature has healing powers (Stegner, pg. 4).



5.2 Sense of Community

People can share the greenroof garden which would bring them together. There can be a
community vegetable garden grown on a roof top. The maintenance and care or the
garden would be done by the residents. This fosters human interaction and sharing time
between individuals especially neighbors. Everyone can feel apart of the community by
taking on certain tasks in the garden. It is also a place for employees to mingle in a more
relaxed setting than in the work environment. Greenroofs are spaces to meet, socialize,
and attend special events.

5.3 Sense of Peace

Greenroofs create an area that is a sanctuary from the busy chaotic modern city. A
greenroof is “like a peaceful island within an urban jungle” (Osmundson, pg. 28).
Quietness is one of the most notable qualities. The sounds from the busy streets below
are kept below. From many greenroofs, one can see the distant views to give the feeling
of being in the country or in the suburbs. The far off landscape seems to be an extension
of the greenroof. Greenroofs are also safer. Access can be controlled, thereby making an
environment safer from vandalism, assault, and other social problems which tend to
plague public green space at ground level (Dunnett, pg. 24). Roof top gardens are places
to escape city stress and a perfect setting for enjoying the finer things in life, (d’ Arnoux,

back cover).



6.0 CONCLUSIONS AND RECOMMENDATIONS

Concern for the environment is becoming more evident as development and urban sprawl
continue to spread. Sustainable design is a must if the future generations are going to
survive healthfully. Although many environmental problems need to be dealt with,
greenroofs can help ease some of the burden. Greenroofs provide too many benefits in
the areas of ecology, economics, aesthetics, and psychology to be overlooked. The
industry in Europe has set the precedent. Now it is time for America to expand and

continue to follow this valuable industry.
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groundwork for a model of 21* century sustainable manufacturing at the Rouge. "While
most companies would rather move than invest in a 83-year-old site, we view this as an
important reinvestment in our employees, our hometown and an American icon of the
20" century," Ford added.

The design of the new assembly plant includes people-friendly features such as overhead
safety walkways, day lighting, team rooms, cooler air in the summer months and relaxing
places to congregate. Tim O'Brien, Ford director of Environmental Quality, said project
planners are designing a system, which, over time, "will use ecologically advanced
methods for stormwater management, energy usage, air quality and soil restoration."

Aside from the huge greenroof, other environmental initiatives include:

o Swales, or shallow green vegetated ditches seeded with indigenous plants; a pilot
involving swales and retention ponds will be used to regulate water flow and
evaporation and improve stormwater management on the site.

o Phytoremediation which uses natural plants to rid soil of contaminants; Michigan
State University is partnering with Ford on this project -- believed to be the first
such experiment on this scale with the challenging soil conditions on the site. If
the pilot is successful, it will be used elsewhere on the site and potentially could
become an ecologically friendly alternative to hauling contaminated soil to
landfills in the future.

e Porous paving; a surface that filters water through retention beds with 2-3 feet of
compacted stones is another pilot project that helps manage stormwater runoff.

» Greenscreens; trellises for flowering vines and other plants will shade and help
cool the Rouge Office Building. If the screens prove successful, they will be used
on the new assembly plant and other buildings.

+ Renewable energy sources; the use of solar cells and fuel cells will be included in
the project. For example, fuel cells will provide power for some computer systems
in the new plant. The company also is evaluating the possibility of GeoExchange
and wind power demonstration projects.

o Planting of more than 1,500 trees and thousands of other plantings to attract
songbirds and create habitats.
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(6) Allianz Versicherungs-AG, Stuttgart, Germany

Landscape Architect: Hans Luz and Partner, Stuttgart
Architect: Brummendorf, Muller, Murr, and Reichmann, Stuttgart
Client: Allianz Verischerungs-AG

(Taken from Roof Gardens, By Theodore Osmundson, pg. 215-216)
The regional quarters of this insurance
company has been in the heart of
Stuttgart’s historical center for over 100
years. When the company needed to
enlarge its office space, its executives
decided to retain the existing site and
buildings, blending them with new
construction. The architects succeeded in
combining the old and the new with an
almost seamless design solution.
e @ e Y ,
In keeping with a widely accepted trend throughout Germany, the greening of roofs was a
highly important consideration. The architect and landscape architect worked together to
provide two series of stepped-down roofs atop offices surrounding the large courtyards of
the main buildings. All other roofs, including those adjacent to the offices around the
courtyards and those on the tops of the new buildings, are planted, giving the roofs a
handsome, soft, green appearance.

Throughout the roof garden the Optima system of continuous self-watering by capillary
action was used.

Planting was limited to low-growing
species, to permit the views across the
gardens and to reduce the weight on the
roofs. The plants are primarily perennials
and ornamental grasses, such as Lavandula
angustifolia (English lavender), Epimedium
pinnatum ‘Elegans’ (Persian epimedium),
Hemerocallus citrine (daylilies), Pennisetum
compressum (fountain grass), Rudbeckia
fulgida ‘Goldstrum’ (black-eyed susan), and
Deschampsia  caepitosa  ‘Bronzeschleir’
(tufted hair grass).

Although the plantings appear to be
intensive, the courtyards are designed to be ornamental only and are not accessible. An
exception are the gardens for the company’s apartments on the highest roofs. Here the
plantings are very residential in tone and include flowering cherries, forsythia, Magnolia
soulangeana (saucer magnolia), tea and polyantha roses, and extensive lawn.




(7) Sunshine 60 Building, Tokyo, Japan, 1978

Landscape Architect: Araki Landscape Architecture
Architect: Mitsubishi Jisho
Client: Shintoshi Kaihatsu Center

(Taken from Roof Gardens, By Theodore Osmundson, pg. 243-245)
The tallest building in Japan, this 60-story office/commercial complex, completed in
1978, includes two major roof gardens.

The first, at ground level atop an
underground garage, itself consists of
two parts. Upon entering the front
section from the adjacent street and
sidewalk, one encounters formal rows
of trees separated by symmetrical
walkways. A small paved plaza
separates this formal space from the
second part of the roof garden. This
back section, which is also at ground
level, is startling, but only because it is
so different from the first. It is a
natural scene, with a series of wide
waterfalls dropping over low rocky walls, surrounded by camellias, large boulders, and
full grown trees, including Sequoia sempervirens (coast redwood), Taxodium distichum
‘Rich’ (bald cypress) and Myrica rubra ‘Seib’ (red wax myrtle). At its nadir the water
spreads over the concrete paving, flooding it until flowing almost unnoticeably into flat
drains in the pavement. It is then silently pumped back to the waterfall’s zenith by large
pumps, hidden in the garage below. The pumps can move 3 tons of water per minute
from 30-ton-capacity tanks. The roof was designed to support 3 tons per square meter.
The soil in the upper areas of this street-level garden is as much as 6 feet deep.

The second roof garden is accessible both from the buildings elevators and via broad
stairways leading up four oors from
the street below. The garden plaza is
formal, consisting of heavy plantings
of Myrica rubra ‘Seib’ in rectangular
raised beds. The paved plaza serves as
an alternate means of access to the
building’s upper floors, as well as
providing outdoor space for relaxation
and conversation. Benches throughout
provide ample seating. Strong tile
paving patterns and retaining walls of
the Indonesian wood serauganbatu
add visual interest to the plaza.



APPENDIX 4. Components

(Taken from

Waterproofing

The greenroofing system may consist of a liquid-applied membrane. a specially designed
singly-ply sheet membrane, or a built-up roof system consisting of 3+ layers. Many of
the oldest greenroofs are waterproofed with mastic asphalt. but bitumen sheets with
polyester carriers and SBS modified coatings are becoming more common. In the early
1990's, PVC and EPDM products were developed. Root resistance can be achieved
either by a laminated upper layer (usually copper) or by chemical additives in the coating.
To ensure drainage capacity, the support to the waterproofing layer should have a slope
of at least 1.5% (Hendriks and Hooker, March, 1994).

Depending upon the nature of the waterproofing membrane chosen (organic vs. synthetic),
a root barrier layer may be needed to prevent the plant roots to penetrate and ultimately
undermine the integrity of the waterproofing layer. For example, asphaltic bitumen is
organic and roots could naturally attempt to penetrate the surface while seeking nutrients.
A common practice on traditional roof gardens and intensive greenroofs is to pour a
concrete protection slab over the membrane layer (Osmundson, 1999).

Design standards that are applicable to waterproofing systems include ASTM (981,
ASTM (898, ASTM STP 1084, the Architectural Graphic Standard, and the NRCA
Roofing and Waterproofing Manual (RCI's Greenroof Workshop, August 6, 2001).

Some believe the liquid-applied membrane provides a superior waterproofing and easier
maintenance (McDonough + Partners, 1999). Because it is applied as a liquid, it must be
installed directly on the roofing deck, requiring that existing roofing be completely
removed. With certain limitations and particular code requirements, sheet membranes
may be installed over existing roofing, although manufacturers prefer that existing
roofing be removed. Sheet membranes can also be more difficult to repair. Most
greenroof companies offer several choices of sheet membranes, providing a custom fit for
each application.

Correct and meticulous application of the waterproof membrane is essential to the
viability of the greenroof. Quality control is assured through knowledgeable roofing
procedures and a water impermeability test immediately following membrane application,
with a minimum duration of 24 hours but 48 hours preferred. Although the German
technology, encompassing over thirty years of engineering standards and testing, has
virtually eliminated the possibility of membrane leakage, there is at least one North
American company offering a leak detention system. Roofscapes, Inc. offers such a
system as well as integrated detection systems engineered by AB Mess- und
Trocknungstechnik (AB). According to their website, Roofscapes can:

o Conduct water-tightness tests of existing roof surfaces prior to installing a
Roofmeadow™ cover system










Insulation

An insulation layer is optional, and prevents water stored in the greenroof system from
extracting heat in the winter or cool air in the summer. They are generally applied on
existing roofs in retrofitting projects that may require an increase in the insulation
value. Each company has different insulation options, from being integrated with the
drainage boards (ZinCo's Floratherm build-up), to Foamglas® cellular glass (Pittsburgh
Corning Corp.).

Robert McMarlin of Pittsburgh Corning states that "Combining an impermeable, closed-
cell insulation material such as cellular glass with the roof membrane is ideal for the flat
roof system...since no water can accumulate, the danger of root invasion is
eliminated." Due to its high compressive strength of 100 pounds per square inch,
Foamglas® cellular glass insulation will not compact under the greenroof system
weight. He also points out that because it is manufactured from the very abundant
mineral silica (Si0,), cellular glass is totally inorganic and requires no production of
chlorofluorocarbon or hydrochlorofluorocarbon gasses (Western Roofing Magazine,
May/June, 1996).

Drainage

Every greenroof must have a drainage layer to carry away excess water; on very shallow
extensive greenroofs the drainage layer may be combined with the filter layer.
Unimpeded drainage is assured in greenroof systems because the drainage layer is
applied over the entire roof area. The drainage layer forms an extremely stable and
pressure resistant sub-base (ZinCo International brochure). Some believe a drainage
layer is not necessary on any sloped roofs due to nature's gravitational drainage capacity,
but single-source greenroof companies will most likely specify one.

Drainage capacity must increase closer to the rainwater outlets, so large quantities of
drainage material, usually rounded stones, are installed along the eaves and near

outlets. These rainwater outlets need to be accessible for seasonal cleaning (Hendriks
and Hooker, 1994).

These areas could also allow a
separation barrier of large rounded
pebbles 500 mm or 20" wide around
them from the vegetation.

(ZinCo International Green Roof brochure, 1998).



Some drainage systems are more
multifunctional. For example, ZinCo's
Floradrain line has troughs that provide up to 40
mm or 1.5" of water storage for the plants above,
and a system of channels on the underside for
drainage of excess water below. Special holes
allow aeration to the roots, and an additional
moisture retention mat below ensures a long-
term water supply. The system provides
additional protection to the underlying
waterproofing element. The Floradrain FD 60 is
strong enough to act as shuttering to
concrete. This enables roadways, walls, and
ballustrades to be constructed over the drainage
layer, thereby allowing unimpeded drainage
beneath (ZinCo, 1998).

Source: ZinCo International 3/98 Brochure

Filter Fabric

The main function of the filter fabric/membrane is to hold the soil in place and still
prevent small soil particles, such as plant debris and much, from entering and clogging
the drainage layer below. Air and water are thus permitted to flow through while the
drainage layer and the actual drains are protected. Careful placement is required with
overlaps of at least 100 mm to 8 inches wide along vertical edges up to the plant material
layer, and should be finished with a strip of self-adhesive bitumen membrane. Typical
materials are lightweight water-resistant polyester fiber mats or polypropylene-
polyethylene mats (Hendriks and Hooker, 1994). These filter fabrics are the relatively
inexpensive typical non-woven, non-biodegradable landscape fabric types found at most
home improvement stores.

Growth Media

The science of greenroof soil mixtures is very important to the market, especially in
Germany where the major companies have PhD's in soil sciences either running the
company or placed in high levels of management. Each of these companies also has
patented their various soil substrate formulas.



The growing medium or soil substrate can be selected from several engineered factory
mixes designed by the various single-source greenroof suppliers or they can be custom
designed by a soil expert. This option is usually less expensive. By using a mixture of
native soil upgraded with organic or mineral additives (peat, humus, wood chips, sand,
lava, or expanded clay), it is possible to achieve optimum water retention, permeability,
density and erosion control necessary to support the greenroof vegetation. But although
sometimes successful in smaller projects, it is not advisable to use ordinary garden soil,
as degeneration often results from compacting and acidification (Hendriks and Hooker.
1994).

Most current experts frown on using topsoil at all for fear of introducing unwanted
properties. Generally, if you are mixing your own substrate, a good guideline is
approximately 75-80% inorganic (i.e., expanded slate or crushed clay) to 20-25% organic
(humus + some clean topsoil). This will provide essential drainage and soil air capacity,
and sufficient organic nutrients for the shallow-rooted plants. Just remember that your
weight requirements will be higher with a greater concentration of topsoil, and weeds and
certain pathogens are always possible when ordinary garden topsoil is added. Certainly,
it is recommended to consult with a growth media expert in your area to determine the
correct mixture for your project.

The thinner the engineered soil layer, the higher the physical demands on the plants.
Some of the problems in the past have been the result of too shallow soil depths, resulting
in root damage from heat and frost fluctuations. Some greenroof companies will suggest
a minimum 2 3/4" soil substrate depth, but again, a little higher depth of say at least 3"
(or higher) is recommended for do-it-yourselfers who are mixing their own soil mix.

Plant Material

The vegetation layer is the most vital and
exciting part of the greenroof, and as such
suitable and dependable plant material
selection needs to be assessed on a per
region basis. Characteristics of landscaping
typically used in extensive greenroof
systems include shallow root systems,
regenerative qualities, resistance to direct
radiation, drought, frost and wind. A much
larger variety of plant selections is available
for intensive roofscapes due to the greater
possible soil depths (American Hydrotech, Inc. Product Literature, 1999).

Compatibility issues of greenroof type, anticipated use, temperature, humidity, rainfall,
and sun/shade exposure are important elements for successful plantings of any kind.
Most importantly for the artificial environment of a greenroof, native and culturally
adaptable plants need to be reviewed for heat and drought tolerance, as most systems are
designed to be low maintenance.





















As stated earlier, some drainage systems also incorporate water retention capabilities; the
stored water reaches the plants by capillary action. An optional reservoir board layer,
available from some companies, can be installed to retain and store small amounts of
water as well. Additionally, either a simple automatic drip irrigation system with a
manifold delivering water at the base of the profile can be installed, or a more complete
(and heavy and costly) irrigation system can be incorporated into any greenroof design.
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