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city's new strategy of mandating the installation of green roofs on all new buildings with

flat roofs (Brenneisen 2006).

Retrofitting an existing structure with a green roof is also an increasingly common

approach. Flat roofs are generally the best candidates for this construction because they

often do not necessitate additional support for the low extra weight of an extensive green

roof, and they require little expertise in their installation (Carter and Keeler 2008). A

good candidate roof for retrofit installation should be expected to hold an extra 15-25

pounds per square foot (psf) (Indianapolis DPW 2008). Rock ballast roofs generally

weigh 10-15 psf, and would be replaced with an extensive green roof that could weigh

10-35 psf saturated (Indianapolis DPW 2008). If changes to the roof structure are

necessary, these can include additional decking, roof trusses, or joists (Indianapolis DPW

2008). Incorporating a green roof onto any building provides a multitude of

environmental and economic benefits, such as lowered heating and cooling costs, carbon

sequestration, decreased air and noise pollution, reduced urban heat island effects,

stormwater management, increased lifetime of roof membrane, presence of a more

aesthetically pleasing area, and increased urban biodiversity (Getter et al. 2009,

Obemdorfer et al. 2007, Altor 2010).

The vegetation layer acts as an insulator and can reduce a building's energy

demand by 5-10% annually (US DOE 2004). Reflective roofing materials can also reduce

a building's cooling costs in the summer, but instead of reflecting solar energy, a green

roof captures and uses this energy, preventing the additional heat from entering the

building (US DOE 2004). Plants use solar energy to fuel photosynthesis, a process that

removes carbon dioxide from the atmosphere and converts it to plant biomass; this
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capture and storage of carbon is known as carbon sequestration (Getter et al. 2009). The

U.S. Department of Energy supports the carbon sequestration potential of green roofs as

an effective way to reduce the amount of greenhouse gases in the atmosphere (Getter et

al. 2009, US DOE 2004). Photosynthesis not only removes carbon dioxide, but also

releases oxygen, and the plants can take in dust particles from the air, both of which

improve local air quality, a growing problem for large cities (Indianapolis DPW 2008).

The insulation from green roofs also cuts down on noise pollution within a building,

especially from nearby heavy traffic (US DOE 2004).

Another problem for cities is the urban heat island effect, a phenomenon where

urban areas are significantly wanner than surrounding suburban and rural areas, due to

the large amounts of impervious surfaces that essentially trap heat, and then release it

later (Obemdorfer et al. 2007). Increasing plant growth within cities can help to mitigate

the urban heat island effect via evaporative cooling, where the plants release water

through their stomata, similar to the concept of sweating (Earth Pledge 2005, Indianapolis

DPW 2008, Obemdorfer et al. 2007, US DOE 2004). Increased amounts of impervious

surfaces also contribute to large amounts of runoff during storms, in many cases leading

to floods and sewer overflows. Green roofs manage stormwater by essentially becoming

retention ponds and delaying runoff of excess water until after peak storm events (Carter

and Keeler 2008, Indianapolis DPW 2008, Obemdorfer et al. 2007). In a study in

Georgia, green roofs were found to retain 77% of rainfall on average (Carter and

Rassmussen 2006).

Green roofs are expected to outlast the lifespan of conventional roofing systems

by two to three times, lasting 40 years on average, and extensive green roofs require the
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