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Abstract

The installation of a green roof on residential buildings affords the opportunity to sequester
carbon from the atmosphere. The cost of incorporating green roofs in the construction of a
family home or modifying an existing home is significant and the private benefits are rather
small. Carbon reduction does have a value recognized by all levels of government in Canada.
In this paper we calculate the cost of installing a green roof on a two vehicle garage in the
Province of Ontario using current building costs. Utilizing data on the private costs and
private benefits, the estimated NPV of a green roof over a 35 year period is negative. Once
the value of carbon sequestering is introduced in the model, the NPV is positive, suggesting
that subsidizing green roof construction is an efficient method in any government’s quiver to
encourage a reduction in GHG emission.

Keywords: Environmental economics, Carbon sequestering, Green roof technology,
Benefit-cost

1. Introduction

Green roof technology is a term applied to growing vegetative matter on the roof of any
free-standing structure. The idea dates from the Hanging Gardens of Babylon in 500 BC.
(Stormwater Institute, 2016) In the past two decades, a significant body of research has
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developed illustrating the economic and environmental benefits of green roof technology.
(Bianchini and Hewage, 2012) Several studies have utilized mathematical models to calculate
the net present value (NPV) of one or more forms of green roof technology. (Carter and
Keeler, 2008, Nurmi, et al, 2013, Clark, Adriaens and Talbot, 2008)

Employing the basic principles of benefit-cost analysis, this paper focuses on the application
of green roof technology to residential vehicle garages in new home construction to
accommaodate efficient green roof technology in Ontario, Canada. Detailed costing is used to
estimate the fixed capital cost of a green roof along with estimates of the annual maintenance
cost to arrive at life-cycle cost of a two vehicle, garage-based green roof. Of particular
important is our approach to capture the key public and private monetary benefits of a green
roof, particularly the GHG reductions afforded by green roofs and private benefits not found
in previous applied studies of green roof construction. The private and public benefits are
calculated over the expected life of the roof to arrive at a NPV estimate. Not unexpected, the
dollar-value results are sensitive to estimates of the personal monetary value attributed to
living in a home with a green roof garage and the monetary value attributed to the carbon
sequestered by the green roof.

2. Public Benefit Case for Green Roofs

Escalating concerns associated with global warming have generated a wide range of
behavioral and economic changes to reduce carbon dioxide equivalent emissions (COzy). In
Canada, federal and provincial government have implemented polices to curb emissions that
cause GHG. Individuals, however, can exercise choice in consumption behavior to reduce
carbon emissions. Building is one example where individuals and firms can make a market
choice contributing to a low-carbon economy and achieve other public goals such as storm
water management. The desire on the part of homeowner--and business-- to do so has led to
the development of green building focusing on innovations in building construction that
appear aesthetically attractive and include features that reduce the carbon footprint of a house
or place of business. In Canada, the application of this technology was demonstrated initially
in commercial buildings. * The paucity of green roofs in residential homes and suburban
developments is puzzling considering its growing use in the commercial building market. The
capital cost of applying the technology to a house in addition to on-going maintenance may
limit the attractiveness of a residential green roof. Design aesthetics may also hinder the
adoption of such technology. While the private and public benefits of green roofs on
commercial buildings in terms of energy saving and water retention are apparent--and in
some instances significant-- they are not as evident in single family dwellings.

Green roof design is categorized by extensive, semi-intensive and intensive, based on the
substrate depth and the vegetation to be grown on the roof. (Oberndorfer et al. 2007)
Extensive roofs are the most common versions of green roof technology, requiring the least
maintenance and no permanent irrigation. Semi-intensive roofs involve a growing medium or
substrate ranging from 15 to 30 cm in thickness allowing the roof to sustain much richer

! Astudy in 2007 estimating the costs associated with green roofs on municipal commercial buildings identified the major benefits as
increasing the life of the roof and energy savings. (Toronto, 2007)
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ecology and retain a larger volume of storm water run-off. This roof allows a larger
diversification of plants, with soil depths that are capable of supporting vegetation for food
consumption. An intensive green roof is identified by the variety of vegetation that can be
supported on the roof including herbaceous plants and trees. Such roofs support a landscape
with high biodiversity requiring advanced irrigation systems and therefore professional and
continuous maintenance services. (Stormwater Institute, 2016)

Life cycle estimates of the NPV of a green roof require establishing the life expectancy of the
roof. Green roofs protect the base layer of a flat roof from damages, taking the brunt forces of
nature, an attractive feature in the harsh Canadian climate. The green roofs act as a barrier
from the roofing material, with a portion of the water and heat retained in the vegetation and
substrate. Green roofs in Europe have lifespans of up to 50 year while the expected life for a
green roof in Ontario is 35 years. (Toronto, 2007) 2

3. Benefits and Costs of Green Roofs
3.1 Benefits to Homeowner
The psychological benefits of green roofs are manifold (Gillis and Gatersleben, 2015),

including a ‘warm glow’ feeling that one is contributing to improving the environment of the
community they live in. (Orbendorfer, 2007) However, it is difficult to measure this increased
utility in dollar terms. The fact that a person opts to build a green roof and is aware of the
maintenance costs suggests that the personal, intrinsic benefits are at least equal to the
maintenance cost. These benefits are captured, at least to some extent, in the increased value
of a residential property that includes a green roof. Two hedonic pricing studies, one in
Toronto and one in Quebec City, suggest that a green roof adds between 6 and 15 % to the
life-time value of a residential property. (Peck et al, 1999 and Desrosiers, et al, 2002) For the
purpose here we assume a very conservative property appreciation due to green roof
technology of 3 per cent.

3.2 Public Benefits

Green roofs provide benefits to both the local and global community by enriching the
biodiversity of a region, delaying the storm peak to the drainage system, diminishing the
runoff quantity, removing pollutants from the air and improving the quality of water run-off.
(Li and Yeung, 2014) Of particular interest in this study is the ability of a green roof to offset
the loss of carbon sequestering properties of soil and vegetation forfeited due to building
construction. Terrestrial carbon is sequestered primarily through soils, plants and most
importantly trees, all of which convert the carbon back into readily available oxygen. Benefit
cost analysis requires accounting for this by estimating the ability of green roof to sequester
carbon and assign a monetary value to the weight of carbon removed.

All vegetation will sequester carbon. Semi-intensive green roofs provide an opportunity to
plant and grow both grass, sedums, perennials and small shrubs. Focusing on plant growth in

2 There is a consensus that green roofs extend the life of a roof. In Germany, it is estimated that green roofs double the life of a roof.
(Porsche and Kohler. 2003)
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Ontario, with its harsh winters and sporadic rainfall through the fall, summer and spring,
sedums are used for the initial carbon sequestering calculations. Sedums are selected because
they are perennial, provide a range of species and not difficult to maintain. (Carter and Butler,
2008) The coverage and hardiness of sedums makes them ideal for owners of gardens who
look for low maintenance costs, especially on top of a garage roof.

A study of the carbon benefits from sedums on a green roof in a semi-intensive green roof
was done at Michigan State University. (Getter and Rowe, 2009) The research covered a two
year period in a climate similar to southern Ontario. The sedums studied were Sedum Acre,
Sedum Album, Sedum Kamtschaticum, and Sedum Spurium providing a base average for the
carbon sequestered amongst the most common sedums used in extensive and semi-intensive
green roofs without irrigation systems in place. (Getter and Rowe, 2009) The study focused
on a minimum substrate depth for a green roof of 6cm and the research procedure averaged
the carbon sequestered in the soil beneath each sedum, the biomass of the sedums in the soil
or the roots, as well as the carbon captured in the biomass of the sedums above the soil.

On average, carbon captured (C) by the individual components of the sedum green roof for
the first-year were; 100 kg C/m? for substrate content, 168 g C/m? for above ground sedum
biomass, and 107 g C/m? of above ground sedum biomass, totalling to an average carbon
sequestering of 375 g C/m? (or 0.076 Ibs C/ft?) for a sedum-based extensive green roof.
(Getter and Rowe, 2009) A more recent study focused on the carbon sequestering differences
between a green roof plant community and ground landscape, considering 13 different
landscapes over a three year period. (Whittinghill, et al, 2014) After a two-year period, the
sedum and grass green roof sequestered 4.67 C kg/m?, suggesting the greater substrate depth,
increased complexity of the plant system and more advanced irrigation system, enhanced the
carbon sequestering significantly. Although this approach increased the cost of a green roof
project (discussed later), it was necessary to install irrigation mats in conjunction with deeper
soil depth to maximize carbon sequestering. Applying these results to a seven square meter
roof, approximately 168.48 kg of carbon dioxide are would be sequestered per year. If a green
roof were used to grow vegetables, the carbon sequestering would be approximately 20 per
cent lower. (Michigan State University, 2009)

4. Costs
4.1 Capital Costs of a Conventional Two-Car Garage (No Green Roof)

Costs estimates for a two car garage were provided by the industry and quoted in Canadian
dollars per square foot. For a typical, non-custom home and garage design, we assume assign
costs based on square footage, assuming the building is a basic design that meets provincial
building code. The base garage in this study includes; two garage doors, one door leading to
house, one door leading outside, electrical, spray foam insulation and most important a basic
asphalt flat roof. Based on Ontario averages, an attached two car garage would cost (for
materials and labour) C$34.5 ft* or $16,698 for a 484 square foot garage.
(https://www.homeadvisor.com/cost/garages/build-a-garage)
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4.2 Capital Cost of Garage with a Green Roof

The major fixed costs for the green roof begin is framing the garage, due to the requirements
for the load bearing portion of the roof. In place of the common wood joists running parallel
to the ground for a flat roof, stronger weight-bearing engineered joists are used for a green
roof. These types of joists are crucial for a green roof, especially in Ontario climate which
already requires a 22 Ib/ft? load capacity for a non-skid, 0.25/12 pitched flat roof in Ontario.
(Jacubus Engineering, 2016) For the semi-intensive green roof, requiring a load capacity of
40 Ib/ft?, the spacing between joists is reduced from the 24 inch span from the original roof to
a 16 inch spans. (Roof Trust Span Tables, 2016) This would increase the number of joists
from approximately 10 (2”x 10” x 22’) wooden joists, to 14 (2-1/2x9-1/2x22’) engineered
TJI 210 joists. ) The costs of the engineered joists is $4 x 18 x 14 = $1008, compared to $3 x
18 x 10 = $540 for a standard garage. (Home Hardware, 2016) This will add approximately
$468 to the fixed costs of constructing a green roof.

We assume a standard, flat top asphalt roof base followed by waterproofing membrane, a
drainage layer, a root-resistant layer, the growing medium, and finally the vegetation. For a
higher end, semi-intensive green roof providing irrigation and soil depth that maximizes the
carbon sequestering, the average price in Canada would be an additional $25 ft* planted or
$11,025 for the green roof. (Green Infrastructure Research and Incentives Workshop, 2016)
The marginal cost of the roof includes the additional cost of material for framing the roof to
handle the green technology, as well as the additional cost of materials and labour for
constructing the green roof. Assuming no need to make major repairs over the life of the roof,
the capital or fixed cost for a green roof is $ 468 + $ 11,025 = $ 11, 493. ® Given that
Toronto is the largest jurisdiction in Ontario, we employed the Toronto subsidy of $ 8.33 ft?
subsidy and reduce the fixed cost for a green roof from $ 11,493 to $ 8,493.

4.3 Variable Cost

The main variable cost associated with green roofs is the upkeep to maintain the roof
including weeding, irrigating and debris removal. These costs are primarily impacted by the
weather and vegetation planted on the roof. For the purpose of this analysis, the annual
maintenance or variable cost is $220, which is the industry average of $0.5/square foot/year.
(Living Roofs for Healthy Cities, 2016)

5. Benefit-Cost Model

Benefit-cost analysis is a framework where costs and benefits of an action are measured and
expressed in comparable monetary terms. (Fields and Olewiler, 2015) This approach is
applied to numerous potential environmental programs to determine the efficiency and
effectiveness of a given policy. The major considerations in developing a model for this study
were: life cycle analysis, the social rate of discount and the quantifying private and social
benefits of green roofs. Installing and maintaining a green roof when building a garage or

® The actual fixed cost to the builder will be less due to municipal subsidies to encourage green roof construction. The nature of the
incentive varies across municipalities. For example, the town of Caledon offers a percentage reduction in the local development charge.
Kitchener provides grants up to $ 5,000 for the construction of a green roofed building. The city of Toronto provides a reduction in the
development charge and a subsidy of $ 75 per square meter of green roof. (Toronto 2010)
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renovating an existing roof involves a one- time capital expenditure and on-going
maintenance costs. The benefits from a green roof unfold over the life of the roof mandating
that a benefit cost analysis of a green roof be framed over the life of the roof. The B-C model
below follows the tradition of other studies. (Carter, T. and A. Keeler, 2008, and Bianchini,
and Hewage, 2008) Selecting the appropriate social rate of discount is not straightforward.
Conceptually, the social discount rate is the rate at which society is willing to trade a current
benefit for future benefit. Selecting a specific figure is challenging, as Peter Spiro points
out : “However, it is argued that the appropriate discount rate is not fixed, and varies with
financial market conditions imply that a real discount rate of about 5 percent would have been
appropriate for provincial government benefit/cost analysis of investment projects.” (Spiro,
2010) The final major challenge is imputing monetary value to the improvement in air quality
due to green roof technology.

The B-C model for this analysis is

_ v35 Bl 35 CF
NPVgT' - 21 1+r 1 14r
Where NPV gr = net present value of a green roof as described above

Bi . '
35 = discounted benefits of a green roof

Cj -
35 ﬁ = discounted costs of a green roof

B1 =Annual value of the sequestered carbon with carbon priced at $ 10 per tonne=168.48 kg x
$0.05=$ 8.42.

B,=Assumed annual aesthetic value of green roof = $ 220.
B - present value of the straight-line, 3 percent appreciation of the green roof home =$ 5,600.

C 1 = Annual depreciated fixed cost of the green roof assuming straight-line depreciation=
$ 242.66.

C 2= Annual cost of maintaining the green roof=$ 220
r = discount rate= 5percent
6. Results and Discussion

Installing a green roof on a two vehicle garage in Ontario, paid entirely by the home owner,
yields a significant negative present value return of - $ 4157 over 35 years taking into account
a monetary value for the aesthetics of a green roof valued at $ 220 per home owner, a
municipal subsidy and a federal and/or provincial payment subsidy to the home owner for
carbon sequestered at a rate of $ 10 per ton. However, if we take into account a very modest
(3 per cent) appreciation of the value of a $ 400,000 green roof house with a green roof, the
net present value is $ + 1442,

If the price of carbon is set at $50 per ton the NPV increases to $ +2800. The rationale for this
assumption is two-fold. First, the Canadian government has announced its intention to
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increase the price of carbon to $ 50 per ton in the next 10 years. In the longer run, it is likely
to be higher than $ 50. What it will be in 35 years is impossible to predict but setting a fixed
price of $ 50 per ton over the life of the green roof is not unreasonable. Second, accounting
practices in private corporations globally include accounting for the cost of carbon emissions
in excess of $ 50 per ton. Oil companies have recently incorporated a carbon price of $ 60 per
ton in their social accounting. (Shapiro, 2014)

The federal government of Canada is committed under the Paris Agreement to a substantial
reduction in GHG emissions between now and 2050. The task is a challenging one and the
government has established a long list of initiatives to achieve the goal. The results of this
analysis of the benefits and costs of green roof technology suggest that one simple instrument
in the federal and/or provincial government tool kit to reduce GHG should be a subsidy to
homeowners or directly to developers for the construction of a green roof.
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