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Alderman Robert Donovan
City Hall, Room 205

200 E. Wells St.
Milwaukee, WI 53202

Dear Alderman Donovan,

I am writing in response to the request of the Public Works Committee for
additional information about the Library’s green roof project. Capital funds in the
amount of $950,000 have been included in the 2009 budget for this project. No
additional City funding is being requested.

Enclosed are two studies we read before requesting funding for this project.
Among the benefits mentioned are:

¢ A significant increase in the life span of underlying roofing material.
Conventional roofs are expected to last 15 - 20 years as compared to
40 - 90 years for a green roof.

¢ Reduced costs. The University of Michigan study cited a savings of
25 — 29 percent less over a 40 year period with the investment breaking
even after 20 years.

o  Other benefits include reduction to stormwater runoff, improvement of
thermal insulation, reduction of sound “pollution,” and an increase in
property value. Due to the Central Library's location on a heavily-
trafficked portion of Wisconsin Avenue, the reduction in stormwater
runoff has positive implications for our visitors using the sidewalks as
well as for reducing the probability of localized street flooding.

Also enclosed is the cost benefit analysis prepared by the Budget Office last year
in response to the Library’s request for funding. The analysis shows:
o A total savings of $438,344.93 in energy costs over 40 years.
¢ A conservative estimate of overall savings of $294,232.39 in today's
dollars over 40 years. If the experience of the Library reflects that of
many other green roof projects, the savings that result from a longer useful
life of the roof will be even greater.
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I’ve provided several articles about green roofs that discuss the benefits of green
roofs, including one from the University of Wisconsin Milwaukee’s Great Lakes
Water Institute.

And, as was recommended, I have contacted Jeff Mantes, Commissioner of the
Public Works Department about this project. The Budget Office and I will be
meeting with his staff to discuss the green roof project on the 809 Building and
the Library’s plan to install a similar roof.

I hope this information is helpful in answering your questions. If you’d like
further information I will be happy to assist you.

JII" o
Sincere!,grl - \ }
Lot gy .
\H- B {':u .d(,.\’.r‘l(.:%_ i %,{_x_. 1",-( /
; Paula A. Kiely 2’
Director

C: Mark Nicolini, Budget and Management Director
Jake Miller, Budget and Management Analyst
Taj Schoening, Library Business Operations Manager
Kim Montgomery, Mayor’s Office

Enclosures
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LIFE CYCLE COSTS OF GREEN ROOFS
- A Comparison of Germany, USA, and Brazil -

Ulrich Porsche!", Manfred Kéhler®

@ University of Applied Sciences Neubrandenburg, Germany, porsche@gruenprojekt.com
@ University of Applied Sciences Neubrandenburg, Germany, manfred koehler@fh-nb.de

Abstract - Within the last decades, the trend to ever larger dwellings and the increases in
industry and traffic have resulted in the continuous growth of cities. The settlement surface in
Germany has doubled within the last 40 years and present growth amounts to 1.1% per year.
In the USA, the built on surface extends by 3% per year; in Brazil this number may be much
higher. Together with increasing emissions, especially caused by traffic, industry and
domestic burning, this increase in settlement surface has led to a noticeable impairment of the
urban climate. The climate of cities, in comparison to the climate of open land, in most cases
has negative effects on urban inhabitants. For example, sleep disturbances and heart disease
may be more prevalent. The limited available space in cities makes roof gardens an attractive

possibility to improve the urban situation. Jn EuroEg, green roof technology has become
increasingly important within the last 20 years. In the ,» green roof technology started
two years ago and is now growing rapidly. Use of green roofs in Brazil is infrequent, but
there, as in all countries, a substantial benefit of roof planting is the economic gain. This
work presents these advantages by comparing green roofs with other kinds of roofs. The
work presented here is preliminary, and is to be continued in the context of a thesis
(diploma). Our first results should be useful for planners, architects, builders, and other
experts involved in roof greening. The authors are looking forward to receive detailed
information to calculate the benefits as well as possible.

Life Cycle Costs

The following benefits of green roofs can be judged by financial criteria. Although in most
cases, one benefit alone is not enough to justify the installation of a green roof, we have to
examine the benefits separately:

. extension of the life span of the underlying waterproof system
. reduction of the stormwater runoff

I

2

3. improvement of thermal insulation

4. reduction of sound reflection and transmission
5

. increase in property value

Costs

Together with the underlying roof waterproofing, an extensive green roof Installation in
Germany at present costs approximately 85 $ per square meter. The costs are roughly twice
those of a conventional roof. In the USA the costs are similar. In Brazil the costs are 30% of
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these values. Compared to generally in all three countries low-priced pre-fabricated or
welded roofs, green roofs cost about three times more. The low-priced roofs, however,
require replacement or major repairs after approximately 15 years, whereas green roofs will
survive thirty or more years (Table 1).

/35 years-of expérience with green roofs in Germany demonstrate the value of the roof \

| planting as protection of the waterproofing membrane. A roof which is covered with planting |
can :ted to outlast a comparable roof without greening by a factor of at least two. /
Although modern green roof planting systems are not more than 35 years old, many
researchers expect that these installations will keep 50 years and more, The old green roofs in
Berlin demonstrate a life span of more than 90 years before they require important repairs or

replacement. In Germany 90 years is a typical lifespan so it is the time base for the following
text.

Table I: Life cycle costs during the lifespan of different types of roofs in Germany (construction and repair
costs, disposal and recycling costs — not including maintenance). Data is based on a estimated 90-year
building life cycle with a 100 m? roof. Costs are calculated per m2 (own generalised calculation of projects
and publication)

:iti:::tru Repairs Renovation Renovations costs l‘:g“;;::";::?n Sum
Type of Roof . (interval |after...years |during life span pos
costsin | and recycling - | ($/m?)
$/m? in years) |(average) ()] costs: RECY *
Bitumen roof | gg | Bvervten | oo iSyears |  6x40=240 20RC.20 1 329
years RECY
Every 15 | After5-20 25RC, 25
Gravel roof 50 e B About 200 RECY 295
Extensive green Temporally only 40RC
roof without 90 - occasional 40 RE - ” 170
PVC-products renovation work .
Extensive green Temporally only 40RC. 20
roof with PVC 85 - occasional 40 R.EC’Y 185
products renovation work
At last in maximum
Intensive green Temporally only | up to 380 (the same
roof without 380 - occasional cost as the building IR 280 ¢ 860
PVC-Products renovation work costs during the o
whole lifespan)
Intensive green Temporally only
roof with PVC- | 340 . occssional 340 ORGY | a0
producils renovation work

Depending on environmental regulations, the charges could rise in the next years! A

waterproofing layer is necessary. But the PVC-layer causes problems in production and in
terms of recycling.

Vegetation layer

When selecting plant material, the extreme living conditions must be considered. (Table 2):

Table 2: particular conditions on green roofs

strong winds risk of breaking, drying up of plants (winter)
shallow soils drying of substrate and wind erosion

intense sun radiation higher evapotranspiration, leaf damage by heat, increased frost
susceptibility during winler

restricted growing

limited volume of growing medium
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Maintenance, Durability

Table 3: Annual and life span costs of the time of 90 Years of inspections and maintenance for the
different roof types (related to the 100m? roof example), data per m?.

Type of roof Annual requirements Lifespan cost per m? Sum
($/m?)

Bitumen roof Optical inspection: only every five years, about | 0.2 (annual perm? x 90 | 18
100 $ per roof inspection

Gravel roof The same as a bitumen roof! “ 18

Extensive green roof | Annual optical inspection and removal of tree | 1 x 90 90
seedlings, 100 § per visit

Intensive green roof {8 limes in a year, about 100 $ per visit 8 x 90 720

All roof planting requires maintenance (Table 3). Extensive greening is low maintenance, i.e.
after desired surface coverage, irrigation is no longer necessary. Temporary drying is
desirable. Weeds, particularly tree seedlings, should be removed regularly (1-2 x/year). A
higher proportion of mineral content in the substrate will reduce the development of weeds
and therefore also reduce maintenance expenditure.

Extensive roof planting should not be fertilized. Fertilizing of intensive roof gardens depends
on the composition of the substrate and on the selection of the plants. Regular maintenance
and observation of the plants is very important. For extensive greening with Sedum, no
pruning is necessary. The plants of an intensive green roof require the same pruning measures
as on a ground location. Roof waterproofing as well as the drainage systems are to be
inspected regularly (2 x/year) and cleaned if necessary. Inspection and maintenance costs are
affected to a large extent by local wages (Table 4). The labour costs in the USA amount to
approximately 50% of German labour costs. In Brazil they may be no more than 10%.

Table 4: Minimum hourly wages

GERMANY | USA BRAZIL
10.36 § 5258 |<18(240 RS/ month)

Well-being

If roof planting in the past was predominantly intended for architectural reasons, then today it
is regarded as a compensation for displaced nature. Surveys of the inhabitants of large cities
showed that 70-80% of the population feels_itself underprovided with_green in the
réi_ghbourhood. A study of 25 large German towns concluded that in nearly all cities 40% of

¢ urban surfaces are covered and sealed and in some cities even 50%. It is interesting that

the portion of sealed surface nearly doubled in the past 30 years even though the population
shrank.

Table 5: Ecological and human benefits of green roofs (x means a benefit exists; xx = high value, - means no

benefit existing)
Visual Health.and Bio- Stormwater retention (av. Energy
U7 0E quality e ol diversity | retention and financial savings) | savin
benefits gs
Bitumen Roof - - - - -
Gravel roof - - - - -
Extensive green X X X 75%, (15 $/m? for construction; X
roof 1,-/m? x a). 90.2 $/ Nlifespan
Intensive green roof XX XX X [00%, 90.2 X
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One of the reasons for this is surely a rising requirement for each person’s space. Nature
moved to the periphery of the cities and a direct connection to nature for urban dwellers was
made more difficult or completely lost. The greening of buildings in large towns and cities
brings back a part of the lost nature to the citizens without requiring more space (Table 5).

Stormwater / Rainwater

Widespread impervious surfaces frequently result in an overloading of drainage networks and
purification plants which in turn causes flooding and overspill of polluted wastewater into
nearby bodies of water. To avoid these unpleasant and expensive consequences there are two
possibilities: extension and enlargement of the sewer systems and purification plants, which
is connected with high costs, or decrease and delay of the stormwater runoff. A suitable
method to reduce the stormwater runoff is to plant green roofs (Table 6).

A green roof does have runoff. However it can be strongly reduced and delayed so that even
in limited spaces, the infiltration of the surplus water on the property becomes possible.
According to the FLL, the stormwater runoff of green roofs (10 cm soil) compared to non-
green roofs is reduced by 50 %. Also in Germany these coefficients will be modified by new
researches, but the administration actually uses in most cases the following old values.

Table 6: Stormwaier runoff coefficien1 according to roof type

roofs without greening green roofs with a slope up to 8° | Green roofs with a slope over 5°
roof surface > 3° slope: 1.0 < 10 cm structure thickness: 0.5 Independent of structure
| ——— loga. thickness: 0.7
roof surface < 3° slope: 0.8 10-25 ¢m structure thickness: 0.3
gravel roofs : 0.5 20-50 cm siructure thickness: 0.2
> 50 cm structure thickness: 0.1

Many German municipalities are currently charging annual fees for stormwater which
accumulates on impervious surfaces. Obviously conventional roofs are considered to be
impervious surface. For green roofs, the runoff coefficient is used to determine how much
runoff will be introduced into the public sewer and how much annual fee must be paid.
Therefore green roofs help to store precipitation .

Thermal insulation

The thermal insulation of a green roof is based on different layers which reduce the energy
passage. This insulating effect is not constant but dependent on the weather and influenced by
the water content of the layers, the water flow in the drainage layer and the wind velocity.
Therefore the calculation of the insulating effect is difficult. The factors which can influence
the thermal protection can be divided into the factors of heat transfer and convection. During
heat transfer, the thermal protection is essentially based on cavities in plates or substrate and
on air in spaces between substrate components. As well, the air within the vegetation works
as thermal insulation.

During heat transfer, the absorption and reflection of the long-wave radiant heat from the
building plays an important role in thermal protection. The nocturnal heating of the soil
layers due to the root is likewise apparent. The surface roughness of the sod layer as opposed
to a smooth tar roof causes a decrease in convection losses. The wind energy is converted in
stems, stalks, leaves, etc. into warmth. The saving of energy, in particular at low
temperatures, is also connected with the displacement of the freezing point from the roof
surface into the soil layer.
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The coordination of all factors has an effect, as though the vegetation layer would have the
same heat conductivity of expanded clay. After Roofscapes(2002), a 10 cm green roof layer
is equivalent to 5 c¢m of a normal technical insulation material but this is only a draft point of
view. . Thus the insulation values are improved by about 25 % with extensive greening. This
improvement serves not only the thermal insulation in the winter, but also decreases the
temperature of underlying rooms in the summer. Substantially lower temperatures (on
average 3-4 °C, Roofscapes, 2002) were measured in underlying rooms after roof greening.

Fo“burtdmgs“[ﬁme tropics, this is surely a factor whu;h.wnuld.famur.gteemng Especially in
Brazil, with its constant energy requirement mostly due to the many air conditioning systems,

this reduction in temperature would bring advantages. But until now there still exists a gap of
climate measurements under tropic conditions.

Noise Insulation

Without increase of the mass of green roof construction materials, an improvement of the
insulation of airborne sound can be achieved by roof planting, since the large cavities of a
gravel layer in greening material are avoided. If the green roof thickness increases, the
insulation of airborne sound continues to improve. A substrate depth of 20 cm can improve
sound absorption up to about 46 dB (A). This is in particular interesting within the range of
approach lanes from airports. On low buildings in the effective range of altitude acoustic
sources, such as in trade and industrial areas, green roofs possess special importance.
Conventional roofs reflect the sound whereas green roofs absorb it. The noise level can be
reduced by 2 to 3 dB (A) compared to gravel roofs (Koch &.Seitz, 1998). A green roof can
thus be considered as element or alternative in structural noise control — but also here are
until now only a few measurements done.

Increase in property value

On the international estate markets, the consequences of economic weakness are generally
visible. The demand for office space has clearly diminished, which is expressed in low rental
rates (Table 7). Only in prime urban locations do the price level and occupancy rate remain
stable. Generally the market is dominated by falling prices and decreasing occupancy.

Table 7: rental rates of the largest cities (DEKA Immobilien Global (31.03. 2003):Semi-annual report)

GERMANY (Berlin) USA (New York) BRAZIL (Sad Paulo)
Vacancy rate % 8 % 15
Top rents / m?/ per year 300 § 550% (55sq.ft) 2008

Table 8: Different roof types and their rental advantages (in $ /m?) (x = obligatory) (1): The calculation of rental
rates in Germany is regulated; an additional 1/4 of the normal rent is allowable for terraces and roof gardens.
For example, an average rent: 10,- ($ /m?)/4 x 12 Month x 90 Years. The rent of this roof garden is similar to an
additional room in the flat of 25 m?)

Type of roof Waterproofing is required Higher rent Value in higher rent
Bitumen roof X - -
Gravel roof X - -
Extensive green roof X - {perhaps) - reduction of stormwater fee
Intensive green roof X Yes 2.700,-- (1)

Ignoring the other benefits, green roofs are an architectural advantage. In new projects they
can be considered as substantial elements of the entire landscape. Still more important, they
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can change traditional roofs into "roof landscapes" and this could lead to an economic
advantage with the letting and the sales of buildings (Table 8). In many cases they can also be
used in order to create passive recreation areas for employees and inhabitants. Often this
value alone can justify the installation of a green roof.

Results

In the long-term, green roofs are more economical than non-greened roofs (Table 9, Figure
1). The same results are also found by another author (Haemmerle, 2002). The extensive
green roof is inexpensive, with high visual quality (“beautiful”), and if all the additional
advantages are calculated, the cost-benefit ratio will be rise further.

Roof gardens are not possible on all buildings, but if the construction allows a roof garden, a
higher value of the flat is one consequence.

Many ecological benefits are still difficult or impossible to calculate, but the numbers
provided here should help to make the decision for both types of green roofs easier.

What about in the US and Brazil?
In the US, roof gardens are becoming more and more fashionable. There is no regulation of

the rental rates as in Germany, but the better quality of the flats also has a consequence on the
price.

In Brazil, people prefer roof flats with green terraces because of the garden views. In tropical

climates the life outside requires open green spaces. Many examples in Rio Sul demonstrate
the same results!

Table 9: Total cost - benefit overview of the estimated lifespan of 90 years in $ per m?

Type of roof Construction, Total Financial benefits /| Total costs (-}
inspection and | maintenance increased  rental [ or total profit
disposal/recycling costs | (from Table 3, $) | income (Table § +|(+) per m?
{from Table 1, %) Table 2, $) (Column 2 + 3

-5, $)

Bitumen roof 320 18 - 338,00 -

Gravel roof 293 18 -- 313,00 -

Extensive green roof | 170 920 90,2 169,80 -

without PVC products

Extensive green roof] 185 90 90,2 — 184,80 -

with PVC products

Intensive green roof| 860 720 90,2 + 2.700,00 1.210,20 +

without PVC products

Intensive green roof | 820 720 90,2 + 2.700,00 1250,00 +

with PVC-Products
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@ Bitumen roof

@ Gravel roof

O Extensive green roof without
PVC products

| O Extensive green roof with PVC
| products

| [@Intensive green roofs wilhout
PVC products

PR oy e, & P W s R e e

pm———— ¢~ [0 Intensive green roof with PVC
BENEFITS COSTS products

Figure I: A first total cost — benefit overview of the estimated lifespan of 90 years in $ per m?
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Green Roof Valuation: A Probabilistic Economic

Analysis of Environmental Benefits

Corrie Clark, Peter Adriaens’, F. Brian Talbot
University of Michigan

adriaens@umich.edu

Green (vegetated) roofs have gained global acceptance as a technology that has the potential to
help mitigate the multifaceted, complex environmental problems of urban centers. While policies
that encourage green roofs exist at the local and regional level, installation costs remain at a
premium and deter investment in this technology. The objective of this paper is to quantitatively
integrate the range of stormwater, energy, and air pollution benefits of green roofs into an
economic model that captures both the building-specific and city scale implementation.
Currently, green roofs are mainly valued based on increasing the roof longevity and their ability
to reduce stormwater runoff, with occasional consideration of reducing building energy
consumption. Proper valuation of these benefits can reduce the present value of a green roof if
investors look beyond the upfront capital costs. In this paper a net present value (NPV) analysis

comparing a conventional roof system to a green roof system demonstrates that at the end of the
1




conventional roof. The mean difference between the cost of the green roof and the conventional
roof is defined as the cost gap. The internal rate of return was then determined for each

environmental benefit.

Stormwater Fees and Reductions Stormwater volume reduction by green roofs benefit
municipalities, however, not all local water authorities pass the economic savings on to the
owner of the green roof. Traditionally, the budget for stormwater management is provided
through property taxes or potable water use fees. In recent years, municipalities have been
moving toward stormwater fees based upon total impervious surface on a property, creating an
opportunity to “credit” green roofs for stormwater reduction. For this study, data were collected
from eleven municipalities with established stormwater management fees (Table 1, SI). It was
assumed that the reduction in stormwater fees due to a green roof is normally-distributed at fifty
percent of the stormwater fee for the building footprint. Impacts to stormwater infrastructure are

only assessed at scale.

Energy Savings Determination and Valuation This study focuses on energy savings to mixed-

use administrative/laboratory buildings at the University of Michigan campus in Ann Arbor,

_ Michigan. Total expenditures for energy (natural gas and electricity) c@lt_'{l?qgn_"gr_n__ean
CJ“ 'A”m! ﬁzé%éf a;otal energy consumption {mean 4050 MWh), and energy consumption by fuel source
(mean 2370 MWh from electricity and 1670 MWh from natural gas) were obtained for 130

university buildings for fiscal year 2003. National commercial building energy consumption




statistics provided additional data (e.g. average commercial conductance, system load factors)
(24). To determine the roof’s contribution to the HVAC energy requirement, the heat flux

through the roof was determined according to the following 1-dimensional heat flux equation:

Q=h-A-AT (Equation 1)
where Q is the heat flux through the roof (W), A is the area of the roof (m?), AT is the
temperature difference between the building interior and the ambient temperatures (K), and h is
the heat transfer coefficient (W/m¥K).

h= Bk_; = % (Equation 2)

h is a function of the thermal conductivity of a material, k, and the material thickness, Ax. The
inverse of h is the R-value, which represents a material’s resistance to heat flow. The larger the
R, the less heat flux Q. In the construction industry, R-value (f***F*h/Btu) is commonly used to
compare the effectiveness of insulation in building materials. An average R-value of 11.34
fe*°F*h/Btu (conductance of 0.50 W/m*K) was assumed for the conventional roof according to
national commercial building data (24).

Energy costs due to the heat flux were determined assuming natural gas for heating and

electricity for cooling. With available energy expenditures per university building, prices were
w

Nt 0 M\}l\ Y oNS
assumed to be $0.08/kWh for electricity anﬁ0.0ﬂkWh of natural gas. Energy savings through

the use of a green roof were based on an assumption of an R-value of 1.2 f**F*h/Btu
(conductance of 4.7 W/m*/K) per centimeter depth for a 10.2-cm soil media. The total combined
R-value for a conventional roof with a green roof is 23.4 f*°F*h/Btu (total conductance of 0.24

W/m¥K).




There are several factors that could explain the difference in plant uptake rates (green house vs.
UFORE model). The UFORE-D model limited the uptake, which was determined from
calculations of atmospheric pollutant flux, boundary resistance, and a hybrid of big-leaf and
multilayer canopy model (45), to a mix of two types of plants. The minimum uptake rate for this
study is the same order of magnitude (Figure 1, SI) as the value determined by the UFORE-D
model (0.002 kgyo,/m*/y). The UFORE-D model is based upon hourly weather conditions and
assumes that uptake occurs only via dry deposition of pollutants onto vegetation (45). While this
assumption is valid when NO, is considered, fast reaction rates in the troposphere yield
compounds that are more water soluble (e.g. HNO,) (46). Periods of precipitation were assumed
to result in no pollutant uptake; the reported values of NO, uptake using the UFORE-D model
would be expected to be less than the values used in the current study.

Large-scale roof greening also indirectly benefits public health by reducing energy
consumption. Green roofs can reduce peak energy demand resulting in fewer atmospheric
emissions from power plants that run additional generators at peak times. Based upon emissions
data for coal-fired utilities and natural gas combustion, estimates for avoided emissions for
greening ten percent of Chicago are 2.21 million Mgy.,/y and for Detroit are 1.83 million
Mgyoo/y (Table 4, SI) (47). Combining both direct (plant uptake) and indirect (fossil fuel
reduction) methods of emission mitigation, greening ten percent of area roofs in Detroit would
decrease public health costs by $3.1 billion to $11.8 billion per year, and in Chicago public

health benefits would be $3.8 billion to $14.2 billion per year.

Net Present Value Analysis

15




The results were integrated into an economic model to determine the length of time required
for a return on investment (ROI) in a green roof. Figure 1 shows the results of the analysis over
the lifetime of the green roof system, and evaluates the green roof under a low air pollution
benefit and a high air pollution benefit. The green roof is more expensive than the conventional

roof at installation ($464,000 versus $335,000). Over the 40-year lifetime of the roof, the NPV of

the green roof s i % (low air pollution benefit estimate) and 29% (high air

pollution benefit estimate) less than the NPV for a conventional system ($602,000).

Under the low estimate for health benefit valuation, the greatest potential economic

contributiory is due to energy savings. Annual benefits for the green roof system in this scenario

are $2740 (20068$) per year. Energy savings account for nearly $1670 or 61% of the benefits. In

this scenario, benefits due to mitigation of nitrogen oxides account for 33% of ’thfa.nn\ual’/

benefits. Stormwater fee savings only account for 7% of the annual benefits. /

When a high estimate for valuation of public health benefits is used, air pollution mitigation
becomes the dominant benefit economically. With total annual benefits of $5240, 65% of the
benefits ($3390) are attributable to air pollution mitigation. Energy savings remain the same but
account for only 32% of the total annual benefit. The stormwater benefit is further reduced to
only three percent of the total. While the monetary value of the health benefits is uncertain, in
both the high and low estimates, public health benefits contribute significantly to the total annyal
benefit of green roof's.

While currently green roof adoption is driven by stormwater benefits and energy savings (48),
benefits due to direct air pollution uptake and energy savings control the ROI. Additional savings

due to reduced onsite stormwater infrastructure are not included at the building scale as
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infrastructure savings at individual building sites could only be realized for new building
construction or significant renovation projects. Similarly, while system loads to HVAC were
taken into account to determine the total reduction in energy, infrastructure savings (from size
reduction) were not included. This analysis focused on the opportunity for green roofs on
existing buildings that could support an extensive vegetated roof with minimal impact on the
building and roof. All other parameters remaining constant, varying degree days to evaluate
other climate regions (the southeastern states or the western states) changed the total energy
consumed resulting in the $2000 range for both the conventional and the green roof.

For large-scale urban greening projects, it should be noted that not all of these roofs may be
conducive to green roof implementation due to restrictive architectural features (e.g. roof slope,
HVAC system placement, structural limitations of building). The analysis contained here limits
roof greening to twenty percent of existing roofs, similar to the analysis for Washington, DC by
Deutsch et al. (15). For scaled stormwater benefits, the economic savings are over the long-term
after greening projects began most likely occurring during normal maintenance and replacement
of existing stormwater infrastructure.

Policy Implications

The mean green roof cost is 25 to 29 percent less over 40 years, with the investment breaking
_even after twenty years. Incorporation of air pollution benefits the greatest potential social cost
factor into the economic analysis. Further work is required to incorporate HVAC size reductions,
stormwater infrastructure size reductions, and multiple air pollutant reductions. Results from this
analysis revealed that the benefit of improved air quality should not be ignored by policymakers

as proper valuation of the benefit can greatly influence the NPV.
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Proper valuation of environmental benefits requires changes to current policies that affect
green roofs. Currently, the analysis performed here incorporated mean stormwater fees at $ 0.17
per m” of land, yet projected long-term control plans are at $3.36 per m® of land. Inclusion of
these costs will impact the benefit analysis. Policies that make stormwater infrastructure
expenses more transparent to the citizenry through stormwater fees or a market-based tradable
permit scheme for contribution to impaired local waterways are two strategies that have potential
to rectify the price discrepancy. Translating the air pollution mitigation ability of green roofs into
an economic benefit to the technology would further reduce the NPV by 9%. This could be
achieved through direct incentives reducing the upfront cost of a green roof or through the
incorporation of green roofs into existing regional air pollution emission allowance markets.
Further research into these policy alternatives will aid the design and development of strategies
to translate the societal environmental and health benefits of green roofs to the building owners
that ultimately construct green roof's.

To quantify the benefit of reducing NOy emissions for building owners, green roofs could be
integrated into the existing air emission allowance markets. If green roofs are considered an
abatement technology, then incorporating sinks into a cap-and-trade program could allow the
pollution taken up by a green roof to be traded on the open emissions allowance market. Such a
program does not currently exist, in part due to the constraints placed on the demonstrations that
a new technology fits abatement criteria. On-going research through professional organizations
such as Green Roof's for Healthy Cities have emphasized the need for quantitative measurements
of the green roof benefits (stormwater, energy, air) as a priority for influencing regional and

national policy in this realm.
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University of Wisconsin-Milwaukee Great
Lakes Water Institute

GREENGRID

Project Name: University of Wisconsin-Milwaukee
Great Lakes Water Institute

Year: 2003

Owner: University of Wisconsin-Milwaukee
Location: Mitwaukee, W1, USA

Building Type: Educational

Greanroof Type: Extensive & Intensive,
Test/Research

Greenroof System: Single Source Provider
Roof Size: 6480 sq.ft.

Roof Slope: 1.5%

Access: Accessible, Private

Submitted by: Sandra McCullough

Designers/Manufacturers of Record:
Modular Greervoof System: GreenGrid
Installation Contractor; GreenGrid ™/Weston
Greenroof Design: GreenGnid™/Weston

In September 2003, the University of Wisconsin Great Lakes Water Institute (GLWI), located in Milwaukee's inner harbor, installed a 6,480 sf
GreenGrid™ green roof. The purpose of the green roof was to demonstrate an innovative and cost-effective stormwater Best Management
Practice (BMP) that can be utilized in the Milwaukee metropolitan area and within The University of Wisconsin System. This green roof was
planned to provide a working model strategy for stormwater management in urban areas. The goals for the GLWI green roof project are to
research and document the benefits of green roofs including the following:

1) Reduce stormwater runoff volume and pollutants from the GLW site. Having at least 8 inches of planting depth over the 2,500 f2 green
roof area could nearly absorb 75 gallons per minute of runoff. This added roof permeability could decrease future roof runoff to 30% of that
from a traditional asphalt and gravel roof. The growth media in the green roof can also reduce peak velocity of runoff, which would facilitate
the settling of particulates in the green roof, including fecal bacteria, before runoff reaches the harbor.

2) Document the environmental and economic benefits of green roofs, and establish a precedent for the use of green roof technology in the
University of Wisconsin System. A group of Water Institute scientists will monitor the green roof and document its performance in terms of
stormwater retention, energy savings, and enhanced roof structural integrity.

3) Provide professional experience in design and installation of green building technology and expose the public to the logistics of green roof
implementation and management.

http://www.greenroofs.com/projects/pview.php?id=313 1/28/2009
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4) Provide an educational environment for the study and promotion of green roof benefits. The GLWI green roof will establish a venue to
facilitate communication between civic officials and businesses regarding green building design and construction. This green roof project
seeks to engage the Milwaukee community in the potential to develop sustainable cities. The Great Lakes Water Institute’s mission combines
education and outreach. With a green roof demonstration site, the GLWI ¢an provide an important link between a functioning green roof and
the educationat efforts of green technology.

The GreenGrid™ green roof was designed using both the extensive and intensive modules, which accomplished the ctient's desire for
greatest species diversity. The design incorporated the GreenGrid™ pavers to surround the plantings, extensive {4-inch) modules to outline
the intensive (8-inch) modules, and two center areas of intensive plantings. Assembling the pavers and modules in this pattem gives the
appearance of a “step” garden, Further, careful selection and placement of plant species in the modules, according to their mature height,
color, bloom-time, and texture, was also undertaken to accommodate the transition. The first step of the design was composed of the
GreenGrid™ pavers that are made from 100% recycled tires and stand about 1.5 inches in height. The second “step” consisted of extensive
modules. These modules were randomly planted with 5 different species of sedum -- 10 plants per module — and included: Sedum acre,
Sedum kamtschaticurn, Sedum rupestre 'Forsteranum’, Sedum spurium *Bailey’s Gold', and Sedum spurium 'Dragon’s Blood'.

The third “step” was composed of intensive modules as a transition area between step 1 and 3. This step of modules covered the first four-
feet of the intensive area and were planted with species that grow to a maximum height of 18 inches. Plantings included: Allium cemuum,
Carex pensylvanica, Geum triflorum, Nepeta x faassenii, and Sedum ‘Vera fameson'. The remainder of the intensive modules comprised the
fourth “step.” These intensive modules were planted with species that can grow to approximately 32 inches and offer the most omamental
value to this green roof, Species that were planted include: Aster novae-angliae, 'Purple Dome’, Monarda didyma 'Rasphemy Wine',
Pensternon digitalis 'Husker's Red’, Perovskia atriplicifolia, Phlox paniculata David', Rudbeckia fulgida ‘Goldstrum', Schizachyrium scoparium,
Solidago speciosa, Sporobolus heterolepis, and Tradescantia chiensis.

Additional thumbnall photos:

Further information on the GreenGrid™ green roof installation at The University of Wisconsin-Milwaukee - Great Lakes Water Institute can be
obtained at their website, here. Please visit their live webcam hara to see what is happening on the green roof. Learn more about GreenGrid
in The Greenroof Directory here.

SPONSORS:
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The Greenroof Projects Database is published, designed, and maintainad by
Greenroofs.com. LLC, Copyright @ 2006. All rights reserved.
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Green skylines offer urban re-leaf

Vine-covered fagades and lush rooflop gardens offer more than a green oasis in the
concrete jungle. Studies show that they can help urban areas adapt to climate change

and also decrease greenhouse gas emissions by reducing the energy spent on heating
and cooling.

According to scientists, climate change will result in more frequent heat waves and
several climate models indicate an increase in precipitation intensity, suggesting the
possibility of more extreme rainfall events. These effects will be exacerbated in urban
areas, where concrete and pavement reflect heat and prevent stormwater from being
absorbed into the ground. In addition, urban areas must also cope with air quality
problems, which may worsen in coming years.

Proven to greatly mitigate these impacts, vertical and rooﬂOﬁ ﬂardening has seen a
widespread renaissance in Europe in recent years, butis s used in North America.
To investigate its application in Canada, Environment Canada and several private sector
partners recently completed a report on the bénéfits of roofiop and vertical gardens, titled
Greenbacks from Green Roofs: Forging a New Industry in Canada, for the Canada
Mortgage and Housing Corporation.

According to the report, one of the chief benefits of planting vegetation on buildings is to
reduce energy usage and therefore greenhouse gas emissions. By protecting buildings
— from wind, plan duce heating in winter by 25 per cent and, through direct shadigg
7 ve cooling, air i uced by 50 to 75 per ce
A 16-centimetre thick bianket of plants can increase the R-value of a wall by as much as
30 per cent.

Wall and rooftop gardens also regulate the "urban heat island," a phenomenon that

causes cities to be up to 8° C warmer than the surrounding countryside due to
re-radiated heat. Through evapotranspiration, a layer of vegetation can reduce the
amount of re-radiated heat on a hot summer day by up to 830 per cent, thereby reducing

the urban heat isiand by 3-4°.

One of the most tangible effects of green roofs is their ability to retain stormwater. In
urban areas, most runoff flows into stormsewers, picking up contaminants such as oil,
grease and heavy metals on the way, and depositing them into lakes, rivers or
groundwater aquifers, According to European studies, rooftop gardens retain 70 to 100
per cent of precipitation that falis on them in summer and about half that in
winter—storing it until it is taken up by the plants and returned to the atmosphere through
evapotranspiration. Studies also show that plants act as a natural fiter for
runoff—removing up to 85 per cent of heavy metals such as cadmium, copper and lead.

Rooftop gardens also improve air quality, filtering out gaseous pollutants and particles.
They protect building membranes from ultraviolet radiation and physical damage, and
can be used to grow food, serve as habitat for wildlife, and even to foster well being.

Case studies show that the handful of major rooftop gardens in Canada—which run the
gamut from a subsidized apartment in Toronto where tenants grow their own rooftop
produce to a parking garage in Quebec City where a rooftop meadow has solved a
rainwater leakage problem—are successful. However, the report suggests that
demonstration projects, awareness ¢campaigns and economic incentives are needed if
green skylines are to become widespread in Canada.
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Green Roofs are a sustainable,
environmental design approach
that may help federal facililies

meel LEED standards.

LT i

ENVIRONMENT

Y LI

By Capt. Benjamin Morgan, USAF, and Li. Col. Ellen England, Ph.D., MSA, CIH, CSP

2, reen, ot vegetated, roofs have been used worldwide
] through the ages. Historic examples include the
N&P< hanging gardens of Babylon, Roman 1oof gardens,
English thatched roofs, the sod roofs of the Great Plains set-
tlers and the 20th century's earth shelters. Contemporary
green roofs are plentiful in Europe but few are found in
North America. Prominent, profit-driven U.S. businesses
such as The Gap and Ford Motor Corporation have built
green roofs. Some cities, such as Chicago, 1. and Portland,
Ore., have installed vegerated roofs in some structures.

Green Roof Design

The design and appearance of today's green roofs have
changed over time and reflect their intended use, building
insulation requiremenss, building codes and the surround-
ing climate. Most green roofs feature several standard com-
ponents, including a water proofing membrane, a drainage
layer, growing medium and vegetation. The waterproofing
membrane, which is affixed securely to the roof deck, typi-
cally consists of thermoplastic materials, such as polyvinyl
chloride, and may be rolled out in a sheet or applied as a lig-
uid coating. If the membrane lacks inherent root protec-
tion, a barrier is applied to prevent roots from penerrating
the membrane and causing leaks.

Adding a layer of rigid insulation can improve energy effi-
ciency. A drainage layer removes excess water when the plants
and growing medium become saturated. Honeycombed plastic
structures, expanded polystyrene beads, or lengths of perfo-
rated polystyrene tubing and other types of materials can be
used in drainage systems. A filter fabric prevents soil particles
from entering and clogging the drainage layer. If the roof pitch
is greater than 20 degrees, a grid or lath can be installed atop
the filter fabric to prevent erosion.

The growth medium, or substrate—typically lava rock,
sand and humus—rests on the filter fabric. The vegetation,
chosen to reflect climatic conditions, can be planted by
hydro-seeding, inserted as plugs, or rolled onto the roof as
pre-grown vegetated mats,

The depth of the substrate and rype of vegetation deter-
mines whether a green roof is considered intensive or exten-

THE Military ENGINEER + No. 633

sive. An intensive green roof resembles a roof garden; it has
large and smazll plants. Intensive roofs are more complex
and varied with aesthetically pleasing plants, walking paths,
observation decks and park benches. Extensive green roofs
typically have low growth height, succulent plants, called
sedums, or native grasses. Extensive roofs require less
growth substrate and maintenance than intensive green
roofs and are rarely used for recreation.

Betermining Its Effectiveness

To investigate the feasibility of adapting vegetated roof
installation, the Air Force Institute of Technology conducted
a literature search, case studies, site visits and 1 life cycle
cost evaluation for an Air Force facility in Dallas, Texas.

To complete the life cycle cost evaluation, the initial and
anniual costs of a vegetated roof and asphalt built-up roof,
both appropriately designed for the Dallas area, were com-
pared_over a 45-year life span. Building Logics in Virginia
Beach, Va., provided the green roof design and installation
cost mfpnnanon, Lockheed Martin furnished the asphalt

Chicago City Hall's intensive green roof is visually appealing
and functionai. Note the biack, asphalt bullt-up rocf on the
county s poruon of tho bullding badt right.

Fhotow enstemy Copt. Bonjamin Mocgen, USAF
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built-up roof design and installation cost information. The
installation costs for both techniques were then compared.
The cost model reflected annual energy use reductions and
the associated savings that accrued through the use of green
roof technology, along with annual maintenance expendi-
tures for both roofing systems.

Focusing on the Positive

Published information and data from green roof owners
indicate that vegetated roofs reduce the amount of

water runoff that asphalt built-up roofs produce'Green
~fools also last Tonger—typically for more myears— |

| because their vegetation protects the roof marterials from |

f
|

wind, temperature fluctuations and UV exposure.
Vegerated roofs also increase the level of thermal insulation
and reduce roof temperatures—and thus air conditioning
costs—along with the “urban heat island effect.” They also
decreased sound transmission, and improve aestheupu.‘,

wildli icroclimate.
The initial cost of installing the green roof was twice the

cost of installing the asphalt built-up roof. But the mainre-
nance costs of the asphalt built-up roof far exceeded those
of the green roof. The life cycle cost, as a net present value,
of the green roof proved to be 17 percent to 50 pecent of the

asphalt built-up roof systeif, based on the initial installation
@@mﬂmm
green roof construction. {See Table 1.)

“Goinp Green” Governing Regulations

The rules and regulations the faderal government
and private indusery are required to follow to conserve
energy and practice good environmental stewardship
are enshrined in The Clean Air Act, The Clean Water
Act, and the National Environmental Policy Act.

Executive Orders (E.O.) 13148 “Greening the
Government through Leadership in Environmental
| Management” and 13123 “Greening the Government

through Efficient Energy Management,” and military
service-specific policy letters require sustainable design
practices. E.Q. 13148 addresses the areas of environ-
menta] accounting, life cycle assessment, environmen-
tal landscaping, pollution prevention and environmen-
tal leadership. E.O. 13123 mandates improved energy
management to reduce energy consumption and associ-
ated air emissions. The policy letters issued by military
services usually mandate the increased use of the
Leadership in Energy and Environmental Design
(LEED) standards or equivalents but federal facilities
have been slow to implement thcm.

Low growth helght of the sediums, as shown on this
apartment bullding in Germany, is characteristic of an
extensive green reof.

Green Lasts and Saves

In a direct comparison with asphalt built-up roofs, green
roofs offer several significant benefits. They reduce storm
water run-off and roof surface temperature and increase a
roof's longevity. Although initial installation costs are rela-
tively high, when total life cycle costs are considered, the
green roof is cost effective and environmenually friendly.

Military engineers should consider installing green
roofs to meet environmentally beneficial landscaping and
life cycle assessment requirements set forth in E.O.13148,
energy reduction requirements set forth in E.O. 13123 and
policy mandates.

Capt. Benjamin Margan, USAF, is o Marth 2004 graduate of the
Air Force Umitituts of Tochnalegy Graduats Enginsering
Mewagement Program; banjamin.morgan@peterson.af. mil,

Lt Col Ellen Exgland, Pb.D., MSA, CIH, CSP, is a Profosner in
the Dapartmint of Systems and Enginesring Management, Air Forct
Inszitmea of Tarhuslogy, Wright-Patierson AFB, Obie;
elien.angland@afit.odu, or 937-255-3636, sxt 4711.

Table 1. Cost in doftars () for three iterations of the Ife c.ycle cost model.

'll!e evi:la Bost llnﬂel : Iterauonl lteration2 nemlnns
Greén roof msuﬂznon i ' S ¥ 072,083 $1,072,083 . $1,072 083 '_

: Asphalt BUR installation 523,363 : 613,652 T 770,868
Green roof annual ‘energy savings : 2,500 7,500 oo 12,5000

Green roof annual maintenance . .} 500 ' 500 e T A 500,

Asphalt BUR annual maintenance »TT IR L faten PR B

Green roof life span (Ey:ﬁ 45 years 45 years
Asphalt BUR life span 15 years 15 years 15 years .-

Green roof NPV 982,083 . 757,083 532,083
Asphalt BUR NPV 2,246,647 2,517,549 2,989,198

a: Increases exponentially from 0-$50,000 depending on years of use.
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