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1.  Introduction 

Among the several professionals and researchers that keep developing sustainability goals 
and strategies, the year 2015 will be probably reminded for the 21st Conference of The 
Parties to the United Nations Framework Convention on Climate Change that took place in 
Paris at the beginning of December. However, as COP21 raised new goals to contrast 
Greenhouse gas (GHG) emission and global warming, the year 2015 has led to exceed a less 
comforting threshold: for the first time in history the World has become more than half 
urban, with 34 megacities (over 10 million population) and 75 urban areas indicated with 5 
million population or more. 1 
 
The research intends to present how several elements of the built environment, including 
roads, parking lots, and obviously buildings, can significantly affect global warming and 
environmental pollution. This paper explores the implications related with the roofing 
assembly selection, focusing not only on the building scale, but also assessing the impacts 
on the urban environment, to further understand the role of the roof within sustainable 
design and to define accessible guidelines for its evaluation. 
 

2.  Background: The Role of the Roof in Sustainable Design 

As an ever increasing number of buildings pursue higher efficiency goals and declare to 
offer a wide range of environmental benefits to users and nearby surroundings, roofing 
systems, in particular green and PV/solar roofs, have been deeply exploited for their 
peculiar communicative capacity of diffusing sustainability attitude of the related 
architecture. To understand if this trend should be questioned as just deceptive 
“greenwashing” or a serious attempt of “doing good”, further understanding of the roof role 
and consequences is necessary. 

Considering low-slope (roofs that have a vertical rise of 4 inches for every 12 inch of 
horizontal run) roofing only, which is the most funded solution in the commercial building 
industry, as more than just a “screen” the roof can provide several benefits beside weather 
protection: increased energy efficiency (high “R” roofs provide levels of thermal insulation 
higher than the minimum standard and practice), clean energy production (beside 
photovoltaics and solar thermal, also roof-mounted wind turbines represent an available 
option), air pollution mitigation, reduced material waste and recycled materials, and 
extended building life cycle. Clearly, these features are intended to combine with the 
standard requirements of air and water tightness, insulation, wind resistance, impact 

                                                        

1 Demographic World Urban Area. 11th Annual Edition, 2015. 
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resistance, and fire protection, always being mindful of the important role played for all the 
equipment and systems (AHU, cooling towers) seldom allocated on the roof. 

To exploit the typically extended although defined roof surface in the most effective way, 
the design team has to face difficult trade-offs: for example, depending on building type and 
climate roof, daylighting may prove tangible benefits (both on occupants’ health and energy 
savings), although complicating the allocation of systems or the tightness of the whole 
envelope. Moreover, all the roof surface can contribute in supporting rainwater collection 
and storing, by greatly improving the building water management plan (and potentially 
provide free water for domestic usage), but reducing solar panels surfaces. 

As green roofs seem to address many of the challenges faced by sustainable design, a 
thorough analysis of its consequences and drawbacks shall always be taken into account: 
increased costs of installation, maintenance, irrigation, beside a difficult coexistence with 
other roofing technologies. On the other hand, the aesthetic benefits and enhanced 
“marketing” appeal are features that can be very well appreciated by building owners and 
community planners, hence they shall be explored to promote green roofs infrastructure. 

The design team have the challenging task of combining the different available technologies 
in the most effective solution, taking advantage of all the several environmental benefits 
that building design and local conditions can provide. 

The diagram below illustrates the several interactions of which the roof is responsible for: 
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3.  Environmental Benefits 

The wide spectrum of possible environmental benefits associated with roof is complex and 
deeply intertwined with several specific features of the selected roofing solution, including: 
location and climate (macro and microclimate), building type and occupancy, operating 
systems, local policies, materials and sources cost. 

 

The diagram below shows the interconnection of the several surveyed references and their 
major findings (see Appendix 1). 

 

 
 

 

 

  



ARCH752 – MEBD Research Seminar 
 

4	  

3.1   Urban Heat Island mitigation and Energy Conservation 

According to H.Akbari report on “Global Cooling” in 2008, roofs constitute about 20-25% of 
the urban surface, a percentage that do not consider the even greater amount of paving 
surfaces (60%)2. The ability of these surface to mitigate Urban Heat Island (UHI), high 
urban temperature compared to the rural surroundings, has been long underestimated, but 
nowadays researchers, policy makers and citizens, are finally reconsidering these extremely 
extended and diffuse heat source, beginning to turn it into something environmental useful. 

Rapid urbanization has replaced natural vegetated surfaces, such as grass and tress, with 
ever increasing urban areas where non-reflective, water resistant impervious surfaces 
absorb high percentage of the incoming solar radiation. According to K.Getter et al., two-
thirds of all impervious area is in the form of parking lots, driveways, roads, and highways, 
and this loss of natural areas causes many consequences in terms of overheating at a city 
scale: the available literature agrees that recorded temperatures in densely urbanized 
metropolitan areas can be 5-7°C greater than those recorded in suburban or rural areas.3 

When it comes to reducing UHI, high solar reflectance (albedo) of the roofing material is the 
most important characteristic to prevent high thermal emittance of roof surfaces: in fact, a 
white “cool roof” is estimated to reflect 55-80 of incident sunlight, keeping the roof cooler 
and dramatically lowering the amount of heat absorbed, and then transferred into the 
atmosphere, during clear summer days.4 Studying the decrease of peak and energy demand 
during cooling season, similar findings were illustrated by M. Zinzi and S. Agnoli5 
regarding the mitigation impact of cool roofs of UHI in the Mediterranean region: although 
investigating also the cooling properties of evapotranspiration process in green roofs, their 
study observed cool roof solutions as the most effective, in some cases even avoiding the 
installation of cooling systems. 

In the same study, the authors introduced an other important issue: in terms of cooling 
performance, green roofs can compete with white roofs, but strongly relay on the 
evaporation phase change of the water retained in the soil, which depends on local climate 
and seasonal rainfall for a natural irrigated system. A limited amount of water significantly 
penalizes green roof evaporative cooling, but also excessive wet conditions can reduce is 
efficiency: in fact, permanent amount of water in the roof assembly can decrease thermal 
resistance of the structure, thus, a very well calibrated management has to be implemented 
according to local climate conditions. Accordingly, researchers S.R Gaffin et al. underline 
the substantial difference between the two system: while white roofs reduce the envelope 
temperature by reflecting most of the sunlight, green roofs take advantage of latent heat 
contained in the water, which is lost during its transfer into vapor due to the absorbed 
sunlight.6 Thus, the reduction in the perceived temperature is due to two completely 
                                                        

2 H.Akbari, S.Menon, A.Rosenfeld, “Global cooling: increasing world-wide urban albedos to offset CO2”, Climate 
Change, Vol.95, 2008 
3 K. L. Getter, D. B. Rowe, “The Role of Extensive Green Roofs in Sustainable Development”, Michigan State 
University, Department of Horticulture, 2006 
4 J. Sproul, M.P. Wan, B.H. Mandela, Arthur H. Rosenfeld “Economic comparison of white, green, and black flat 
roofs in the United States”, 2010 
5 M. Zinzi and S. Agnoli “Cool and green roofs. An energy and comfort comparison between passive cooling and 
mitigation urban heat island techniques for residential buildings in the Mediterranean region”, ENEA Italian 
National Agency for New Technologies, 2011 
6 S. R. Gaffin, C. Rosenzweig, J. Eichenbaum-Pisker, R. Hhanbilvardi, T. Susca, “A Temperature and Seasonal 
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different strategies, the former reducing emission of paved surfaces and the latter 
absorbing heat through plants evapotranspiration. The case study was conducted on three 
test roofs in Long Island City, Queens, NY, comparing white and green roofs to traditional 
“black” roof, and providing a precise assessment of the different thermal behavior of the 
three assembly: the green roof was able to protect the underneath EPDM membrane from 
great fluctuation thought the whole year, performing better than the white roof due to the 
mass of the tray system containing the vegetative medium and plants.  

Although located in Singapore, which has a very specific hot and humid tropical climate, 
the study conducted by Wong et al.7 reported lower temperatures measured under green 
roof vegetation, confirming the thermal benefits for both buildings and surrounding 
environment. One more time the results of the research are strictly intertwined with local 
conditions, as demonstrated by an Italian team of researchers that explored the correlation 
of innovative cool roof tiles and thermal behavior of building in the temperate climate 
context of central Italy. In their research, A. Pisello et al.8 noted that, during summer, high 
reflective tiles could decrease the average external surface temperature by more than 10°C 
(peak temperatures were recorded lower by 15-20°C), while reducing it only by about 1°C 
during winter, that permitted to consider negligible the “winter heat penalty” of cool roofs.  

Capitalizing solar energy to produce clean power, the implementation of PV and solar 
panels can represent an even more exciting solution to mitigate urban weather. A study 
conducted by French researchers investigated the thermal benefits on the surrounding 
environment related with the solar heat absorption and heat gain reduction (shading) 
provided by the installation of solar panels on the roof.9 Although based on some major 
assumption, such as the average roof proportion and slope, current albedos and emissivity 
of actual roofing, and a vary low resolution (the area in object the Paris metropolitan area, 
encompassed in a domain of 100km by 100km), their research was able to provide 
quantitative data in terms of difference in daily minimum and maximum air temperature 
between the baseline (present-day scenario) and project (large deployment of solar panels): 
by shading the roof, solar panels increased the need for domestic heating of 3%, while 
reducing summer cooling loads of 12% and the UHI (0.2-0.3°K). Moreover, the researcher 
explained the successful impact of solar panels on UHI mitigation by analyzing the 
favorable location of Paris for the implementation of this technology: being far from the sea, 
UHI is significant and consistent throughout the year, underlining the important 
correlation between local site conditions and successful strategy. 

Nevertheless, the reduction in surrounding temperature and mitigation of UHI is only one 
part of the several aspects for which a roof should be accounted. In fact, an other important 
aspect is represented by the roof thermal insulation properties, that may decrease building 
energy demand, thus reducing the energy consumption and related CO2 emission of the 

                                                        

Energy Analysis of Green, White, and Black Roofs”, Columbia University, Center for Climate Systems Research 
7 N.H.Wong, Y. Chen, C.L. Ong, A. Sia "Investigation of thermal benefits of rooftop garden in the tropical 
environment. Building and Environment”, 2003 
8 A.L. Pisello, F. Rossi, F. Cotana “Summer and Winter Effect of Innovative Cool Roof Tiles on the Dynamic 
Thermal Behavior of Buildings”, CIRIAF, Depertment of Engineering, University of Perugia, 2014 
9 V. Masson, M. Bonhomme, J. Salagnac, X. Briottet, A. Lemonsu “Solar panels reduce both global warming 
and urban heat island”, CNRS, Centre National de Recherces Météorologiques/Groupe d’étude de l’atmosphère 
Météorologique, Toulouse, France, 2014 
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building sector (U.S buildings consume up to 39% of U.S energy consumption and provide 
40% of overall CO2 emissions).  

The surveyed literature highlights the enhanced thermal insulation provided by vegetative 
roof solution: generally, emphasis was given to heat flux reduction (transfer of heat from a 
building’s exterior to its interior) during winter conditions, also similar insulating results 
can be obtained with higher insulation levels (often required by codes). Anyways, compared 
to a conventional “black” roof, Gaffin demonstrates the lowest heat loss rate of green roofs, 
and also investigate the controversy of “winter heat penalty” of white roof (being more 
reflective should be absorb less heat and be colder than black roofs during winter season), 
which resulted not demonstrated in its findings. Despite the large literature describing 
“ecoroofs” energy benefits, lack of quantitative date is seldom observed. A thorough study 
was completed for the city of Portland in 2008, reporting an average 12% reduction of 
energy demand with an annual cooling savings of 0.17 kWh/sf and heating savings of 0.02 
therms/sf for natural gas. 10  

However, among the many benefits provided by green roofs, their influence on the total 
energy balance of the building is not the primary, this due to several concurring reasons: 
the roof is only one of the dissipative surfaces of the building envelope, seldom very limited 
compared to the others (high-rises buildings), and it can affect only the upper floors; codes 
already require high levels of thermal insulation; the energy balance of a vegetated roof 
mostly depends on the plants and substrate selection, their implementation and 
management, which is required throughout the whole building life cycle. 

In conclusion, having in mind energy saving and UHI mitigation, the surveyed research is 
almost unanimous in accepting solar reflective “cool” roofs as the most cost-effectiveness 
solution: in his article, R. Levinson estimates in $15.5 billion the present value of upgrading 
U.S commercial and residential roofs to white roofs over 20 years. This, with essentially no 
extra costs: the technology of the roof is the same (clay tiles, concrete tiles, metal shingles), 
and white “cool” pigments cost about the same as conventional dark-colored counter parts.  

 

3.2   Stormwater Quantity and Quality Management 

Representing one of the most serious source of environmental problems, stormwater runoff 
is one of the main benefits for the implementation of green roofs, that on large scale can be 
integrated in site-level stormwater management plan to decrease the excess run off and the 
risk of sewer overflows. In fact, highly concentrated cities or urban setting have to contrast 
the large runoff originated by the replacement of pervious surfaces with impervious ones. 
The research conducted by Prof. Featherstone, analyzing urban stormwater in 
Pennsylvania, estimates that natural ground cover is able to absorb 50% of stormwater 
(25% by shallow infiltration and 25% by deep infiltration), while 40% water is eliminated by 
evapotranspiration and only 10% result in runoff. In a typical city setting, instead, 55% of 
stormwater generates runoff, while only 15% is infiltrated (shallow and deep infiltration). 
Accordingly, runoff mitigation has to be considered a very valuable component of the 
roofing performance. It is calculated that installing at least 3 inches of thick vegetation on 

                                                        

10 Cost Benefit Evaluation of Ecoroofs, Environmental Services, City of Portland, 2008 
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the roof can reduce the estimated peak flow rate by up to 65%.11 In Philadelphia, the same 
percentage resulted a little lower: between 38% and 54% of precipitation with a 3-inch 
growing medium (depending also on the roof slope). The City of Portland has evaluated an 
annual runoff reduction of 471,000 gal for 40,000 sf of ecoroof compared to the same footage 
of conventional roof. Few other features may influence green roof retention potential, such 
as type of green roof (intensive or extensive) and vegetation. The experimental comparison 
made by S. Miskovski in 2013 showed that long grass extensive green roof proved to be 
effective in mitigating storm water runoff in long period of time, capturing up to 93.75% 
more water than the sedum covered roof during the 60 minutes rainfall. 

Stormwater management benefits of green roofs deeply relies on detention and retention of 
rainwater, but similar results can be obtained with a metal or shingle roof connected to a 
storage system. In fact, a green roof is not very effective at producing storable water and 
cheaper solution may be implemented depending on project priorities and client needs.  

The literature resulted unanimous defining the reduction of water runoff as the most 
important environmental benefits of green roofs, but is still divided regarding the water 
quality that is filtered by vegetated systems. This is mostly due to the specific components 
of a roof that may affect its performance: for example, the type of fertilizer utilized for the 
roof, or the material used to produce the growth medium. Moreover, seldom different 
studies lack of common conditions and focus on too short study period. 

If nutrients content in runoff can represent a severe issue, on the other hand green roof 
could play a beneficial role through “bioretention”, filtering stormwater runoff before it is 
drained into the sewer systems (reducing municipality costs for quality treatment). This 
can be obtained by studying the soil composition (engineered soil) to remove pollutants 
through a variety of physical, biological, and chemical treatment processes. With a focus on 
this particular matter, the study conducted by the Swedish researcher J.C. Berndtsson 
reviews the existing linking among fertilization, runoff pollution and vegetation 
development, and, even though collecting and summarizing several quoted references, the 
need for more research is strongly underlined.12 

 

3.3   Mitigation of Air Pollution 

According to the American Lung Association, air pollution is the main cause of premature 
death for 3,700 people in the USA every year, and estimates $506.4 million expanses for the 
health care. If not required by building codes, owners and development shall take seriously 
these numbers: in urban environments the most common health related symptoms of air 
pollution are increased occurrences of respiratory illnesses such as asthma and a greater 
incidence of cardiovascular diseases, with severe repercussion on occupants’ productivity 
and ($374.18 drop in lost productivity). 

When considering the roof selection, rarely designers have the wisdom (and perhaps the 
opportunity) to consider the surrounding environment and understand the positive 
                                                        

11 “The Benefits and Challenges of Gren Roofs on Public and Commercial Buildings”, United States General 
Services Administration, 2011 
12 J.C. Berndtsson “Green Roof Performance Towards Management of Runoff Water Quantity and Quality: a 
Review”, Department of Water Resources Engineering, Lund University, Sweden, 2009 
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consequences that their design can provide. Green roofs represent the only roofing solution 
that, combining the plants capacity to filter out particulate matter and gaseous pollutants 
contained in the air, can positively affect the local environment. This is even more 
significant when considering the highly urbanized metropolitan areas and the several 
anthropogenic sources of air pollution that have worsened the conditions of the same air 
that the building users will breathe. While conventional air pollution management focuses 
only on lowering amount of emissions released in the air (passive approach), green roofs 
may remove pollutants which are already in the air (active approach).  

Whereas the beneficial aspects for human health may result insufficient to promote more 
expensive design choices, some developer might be more receptive to implement sustainable 
solutions when local availability of subsidies and incentives is provided. An encouraging 
example comes from the District of Columbia where a green roof rebate program has been 
schedule for 2015-2016: the program will provide funding of $10 per square foot, and up to 
$15 per square foot in targeted subwatersheds.  

In of these kind of initiatives, the research investigated the several beneficial aspects of 
green roofs that can alleviate airborne contamination level. For example, a study conducted 
in Germany in 1997, demonstrated the impact of vegetated roofs on diesel engine 
pollution13. Although several studies have explored CO2 absorption by green roofs, the 
results are not always comparable: this specific capacity depends on a number of different 
criteria, such as vegetation type, age, health condition, weather, and environmental 
conditions; moreover, vegetative roofs constituted by turf only (most of extensive solutions) 
fix relatively small amount of CO2 and release most part of it during the regular mowing. 
Some more quantitative data was provided by Getter et al., reporting the average 
sequestration rate as 5.1 t/ha/year. Accordingly, in their study for the city of Toronto, B. 
Currie and B. Bass remark the largest impact of trees on pollutant mitigation, compared to 
shrubs and grass, and explored the several combinations of vegetation to enhance pollution 
removal. Their conclusion supports the social, financial and environmental contribution of 
green roofs on downtown buildings.14  

CO2 sequestration is not the only mitigation activity operated by vegetative surfaces: in 
their study for Singapore, Y.Tan et al. found a 37% and 21% reduction of SO2 (sulfur 
dioxide) and HNO2 (nitrous acid)15, while the 2006 report for the City of Los Angeles 
estimated the pollution removal potential of a square meter of green roof as equal to the 
annual particulate matter emissions of one car.16 

 

3.4   Building Management and Property Value 

As other components of the building envelope, the roof is severely exposed to weather 
conditions and the its selection shall carefully ponder the right balance between installation 
                                                        

13 H.J. Liesecke, H. Borgwardt “Degradation of air pollutants by extensive green roofs”, Stadt and Grün, 1997 
14 B.A. Currie, B. Bass “Estimates of air pollution mitigation with green plants and green roofs using the 
UFORE model”, Institute of Environmental Studies, University of Toronto, Canada, 2008 
15 P.Y. Tan, A. Sia “A pilot green roof research project in Singapore” 2005 
16 D.B. Rowe “Green Roof as a Means of Pollution Abatement”, Department of Horticulture, Michigan State 
University, 2010 
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and maintenance costs, as well as the assembly life span. Green roofs are notoriously more 
expensive to install than white or conventional roof, largely depending on the type of 
installation, as demonstrated by Peck and Kuhn in a LCCA that compared the least 
expensive, $108-248/m2 (extensive and inaccessible to the public) typology of green roof with 
an expensive one, $355-2638/m2(intensive and accessible).17 It has to be noted that high 
maintenance cost of green roofs is caused by irrigation needs ($2.90/m2,20 times higher 
than for black and white roofs), that can be significantly reduced by wise landscaping 
design(species selection) and rainwater collection.  

A significant, although indirect, beneficial effect of green roofs is the improved protection 
provided to roofing membranes from weather agents, solar exposure, and ultraviolet 
radiation. The reduction in recorded temperature peaks (60°F for the green roof)18, and 
significant lower daily contractions and expansions, provide great advantages for the life 
cycle of the assembly, implying maintenance costs reduction and improved return on 
investment compared to traditional roofs.  

In the residential market, strongly characterized by sloped roof, metal roofing is among the 
most popular solutions, often preferred to other materials, such as clay and wood shingles, 
due to its durable properties. It is estimated that a metal roofing can increase a home’s 
resale value by 1 to 6 percent, when compared with an asphalt-shingled home: metal roof 
installation requires skills and expertise and it is not cheap, with a premium cost of $9.58 
per square foot.  

On the other hand, for larger commercial and mixed-use building, the roof represents not 
only a “screen” from the weather conditions, but also a valuable surface that has to be 
exploit accordingly. In those design that provide access to the rooftops, green roofs (mostly 
intensive solution for this purpose) can create an attractive space for recreational activities 
dedicated to building users. Even though aesthetic and quality of life are not easily 
quantifiable, some research has studied the leverage effect of green roof on property value: 
J.P. Morgan property manager assessed the increased value of a recent green roof 
installation on 25 units, that generated and increased value of $2.4 million, by raising 
monthly revenue of around $300-500 per unit.19 In the same direction, a survey of green 
roof topped hotels in Vancouver discovered increased rates for room per night ($80 
premiums) when compared to similar hotels.  

Beyond the direct property value, additional research has found that the beneficial of green 
roofs (as the improved contact with the natural environment, in general) provided increased 
productivity and reduced absenteeism of the building users and the users nearby. Despite 
the complexity of accounting for this economic and social benefits, the capacity of the green 
roof solution to provide significant value to the property should be always taken into 
account. 

                                                        

17 S.Peck, M.Kuhn “Design Guidelines for Green Roofs”, Canada Mortage and Housing Corporation, Toronto, 
Canada, 2010 
18 S. R. Gaffin, C. Rosenzweig, J. Eichenbaum-Pisker, R. Hhanbilvardi, T. Susca, “A Temperature and Seasonal 
Energy Analysis of Green, White, and Black Roofs”, Columbia University, Center for Climate Systems Research 
19 Green Roof Installation Raises Value of Boston Apartment by $2.4 Million” 
http://www.propertymanagementinsider.com 
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Possibly even more difficult to be included in a simplistic cost/benefits analysis, the 
methodology employed by the study for the City of Portland put the potential habitat 
creation operated by green roofs in the good perspective: the authors accounted for the 
added value as the avoided cost of constructing new habitat by the municipality (habitat 
creation in Portland is reported to cost approximately $275,000 per acre). Although a 
vegetated roof would not provide the same level of benefits of a similar footage of land, the 
study represented a repeatable and valuable example to evaluate the important 
environmental benefit of green roof to counteract the destruction of natural habitats. 

4.  A Possible Assessment Method: Costs/Benefits Analysis 

Regardless of the desired aesthetic effect, a possible means of comparison between different 
roofing solutions can be provided by a comprehensive costs/benefits analysis. The 
quantification of all the several premiums and consequences, though, is complicated by the 
number of subjects that actively interact during the life cycle of a building (from its design, 
through its construction and operation), and the time at which this benefits and expenses 
do take place. For example, installation costs are associated with the developer and happen 
one time, while maintenance costs are paid by the building tenants or owner and they 
extend for the whole life of the building.  

In the surveyed literature, Life-Cycle Assessment (LCA) was often found as a feasible 
method to assess for the several costs, benefits, and environmental impacts of the different 
phase of implementation and maintenance of the roof, and evaluate the cost-effectiveness of 
different solution. However, the complexity of the assessed systems rarely allowed an easy 
comparison of the results provided by different references, due a number of different 
factors: the high variability and customizability of the construction methods and materials, 
the variability of sites and climates analyzed, the different study time and duration, the 
number of assumptions to allow significant results, and more. 

To most “clear-cut” analysis on green roof investments profitability is provided by J. 
Breuning and its comparison method based on basic assumption: a 10,000 square foot 
extensive green roof (cheap solution), covered by Sedum and with no permanent irrigation. 
On this basis, he was able to compare total cost and savings over 40 years, resulting in an 
overall pay bak of $8.00/sf.20 Although interesting in its approach, clearly simplified to 
provide a simple read for the green roof industry, Breuning’s research cannot provide a 
valid conclusion of green roofs cost-effectiveness, due to the simplistic assumptions and the 
several not considered features. 

On a bigger scale, the City of Portland report provides a more comprehensive and clear 
assessment of ecoroofs implementation, highlighting the extra costs after 5 years ($15,000) 
and the large revenues in the long run ($700,000 for a 40,000 sf roof, in 40 years), but does 
not benchmark the results with any other roofing solution. On the contrary, J.Sproul et al.’s 
research represents a solid economic comparison between three roofing solutions, 
conventional (dark-colored), white, and green, and establishes helpful guidelines for 
developers and policy makers. Their economic results over a 50-year-life cycle show the 
cost-effectiveness of white roofs (net savings of $25/m2) and the significant additional costs 
of green roofs ($71/m2), penalized by the installation cost premium. However, the authors 
                                                        

20 J.Breuning “The Economics of Green Roofs from the Perspective of the Commercial Client”, Green Roof 
Service, LLC 
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conclude acknowledging the several environmental benefits that were not accounted, 
recommending the vegetated solution as preferred option when the local environment is 
identified as the major concern. 

5.  Conclusion 

Even if just for an infinitesimal part, every building is accountable for the large, or small, 
piece of land it occupies, for the energy it consumse, and for the emissions it releases in the 
atmosphere. And together with it, the designers, owner and developer that helped building 
it. Positioning myself among the formers, and truly believing that a sustainable 
development is possible and it starts from individual changes, in this paper I wanted to 
investigate the role of the roof as that part of the building that, perhaps more than the 
other components, can promote positive consequences not just for the building itself but for 
the surrounding environment. 

As the global population is increasingly concentrated in urban areas, where the roof 
surfaces count for the 20-25%, in the selection of the most effective roof technology, the 
designer is responsible not only for “doing less harm”, but, I believe, “more good”. With the 
purpose of defining “good”, the study surveyed a large part of the available research and 
analyzed the various results, regarding in particular green roof technology and its 
comparison with the other available solutions.  

For the range of variables involved, it is hard to define an absolute answer to the problem of 
the best roofing solution. Beside the importance of location, climate, material availability, 
the value of the selected solution is also largely a matter of “how it is made” instead of 
“what is selected”. The extension of the roof, the components employed, the way they are 
assembled together, are all aspects extremely complicated to evaluate on large scale. 
Moreover, doing a research specialists tend to focus on the single aspect of the topic they 
are exploring, while generalizing on other important aspects. 

Like many other studies before have concluded, for the number of benefits provided green 
roofs can benefit many aspects of the urban environment, from stormwater management 
and air pollution removal, to UHI mitigation and energy efficiency. The opportunity to 
effectively combine it with systems of solar energy production, such as solar thermal and 
photovoltaics, was also explored to further improve the sustainability and profitability of 
the operation. However, it becomes clear that to solve the number of different tasks, the 
roof has to be designed and engineered by professionals able to embrace the project as a 
whole, transcending single disciplines. In fact, the holistic approach required to optimize 
the several different features demand expertise, energies, and ultimately costs, that are 
hard to include in traditional costs/benefits analysis. 

One recommendation arising from the results of the study is the definition of an e[m]ergy 
model of the whole roof assembly to standardize the available researches under a common 
metrics and to address the roof as active part of the ecosystem where it is included. This 
would provide the opportunity to assess and evaluate the impact of roof on the project, 
finding the preferred balance among the several functions involved without detrimental 
drawbacks on the others. 
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