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It is the purpose of this study to identify the opportunity that underutilized roof spaces 

present, as a way to increase campus green space, mitigate storm water runoff, decrease heat-

island effect and provide a visible commitment to sustainability through the use of green roofs. 

This opportunity is backed by the student body as stated in the 2011 Office for Sustainability 

Campus Survey (See Appendix 3). 

Building off of the 2007 report on green roofing at Western Michigan University by; 

Manty,Cimala, and Keeney, this study desires to present current, up to date research and data for 

the price, availability and practicality of green roofing at WMU.  This report will focus on 5 

distinct areas: (1) a review of the current professional literature, (2) a best practice review of 

Michigan Colleges and Universities, (3) a cost comparison and analysis of conventional roof 

systems and campus storm water BMP’s compared to green roofing systems,(4) an analysis of 

current roofs on campus to determine the most suitable for a retrofit green roof,(5) compiling a 

budget for an in situ green roof pilot project located on the new Office of Sustainability Building.  

Through the examination of best practices on WMU’s campus in addition to the examples of best 

practice provided by Lawrence Technological University and Michigan State University a 

benchmark for best practice was established. This benchmark includes the use of green roofs for; 

long term monitoring, improving education on green roofs, engaging the campus and 

surrounding community in sustainability projects, and providing research opportunities for 

students and faculty.  

The roof analysis determined five buildings which met the selected criteria to be 

considered for green roof retrofit (See Appendix 8). A budget and research model was assembled 

for a green roof pilot study on the soon to be renovated Office of Sustainability building.  
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The following major conclusions were drawn; 

(1) The underutilization and magnitude of roof space at Western Michigan University 

present an opportunity to increase awareness of sustainability and “green” technologies at WMU 

through the implementation of green roofs. This opportunity is backed by the student body as 

documented in the 2011 Office for Sustainability Survey (See Appendix 3).  (2) A standardized 

measurement method should be selected and applied to all future green roof installations, 

including the new Sangren Hall green roof. (3) A side by side, multisystem in situ comparison of 

green roofing systems will provide site specific data for WMU. In addition a better 

understanding of the benefits of the industry leading green roofs in both new construction and 

retrofit situations.  (4) Based on the information provided by the in situ study the suitable 

buildings laid out in the campus roof analysis (Appendix 8.) should be retrofitted with the most 

applicable green roof system. (5) Green roofs represent an extremely visible and tangible 

expression of the university’s missions, goals, policies, and guidelines. Their large and visible 

nature makes them as a symbol for sustainable practices. Therefore green roofs should be 

implemented in highly visible areas where they can be used as a way to educate the campus and 

local community about sustainability, specifically sustainable design and building practices.  
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IV. Introduction  

Green roofs are a type of roof system that involves growing plants above the roof in order 

to compensate for the vegetation replaced by the building. 

There are two major types of green roofs, extensive and 

intensive roofs. Extensive roofs are generally lighter in 

weight but cover a larger area than intensive roofs. Extensive 

roofs can grow various types of plant types including native 

plants, however sedum varieties are the most popular for their 

durability and low maintenance. Intensive roofs have much 

deeper soils than extensive roofs and can support the growth 

of almost any plant type including shrubs and trees. Because 

of increased soil depth, intensive roofs are much heavier than extensive roofs and generally 

require the reinforcement of the roof structure. Figure 1 shows the difference in water retention 

capacity, air volume and nutrient retention between extensive and intensive roofs.  

In the past decade the United States has seen an increase in green roof’s popularity. A 

report on green roofs in Germany found that approximately 10% of the buildings are greened. 

While this increase has still not reached level to which Germany has implemented this 

technology, green roofs visibility throughout the country is rising. The implementation of green 

roofs on influential government and corporate buildings has launched green roof technology and 

awareness into the private sector. Chicago’s City Hall Building, Allstate Insurance’s national 

headquarters, and Ford’s Rouge River Plant all are topped with green roofs. At just over four 

hundred and fifty thousand square feet the Rouge River Plant is the largest green roof in the 

world. The incorporation of sustainable design into America’s most iconic and influential 

Figure 1. The contrast between 

extensive and intensive roofs 
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buildings is evidence of a nationwide push towards sustainability. 

At Western Michigan University (WMU) through commitments like the signing of the 

Talloires Declaration, and the American College and University Presidents Climate Commitment 

(ACUPCC) the university has committed to both sustainable design and development which will 

assist in a future zero net carbon campus. WMU has initiated sustainable purchasing through the 

Energy Star Purchasing Policy. Also WMU has paved the way for more sustainable design 

through the implementation of the Storm Water Management Policy and WMU Facility Life 

Cycle Design Guidelines. The Storm Water Management Policy dictates that when designing 

significant projects at WMU, a 0% net increase of storm water runoff into the Arcadia Creek 

Watershed is allowed.  The WMU Facility Life Cycle Design Guidelines involve using the 

lifecycle cost of products as the determining factor in purchasing.  Each commitment, policy and 

guideline WMU has implemented has been done in accordance with the university’s mission and 

goals.  Two of said goals are; (1) to conduct ongoing assessment activities and engage in 

continuous improvement initiatives within the university, and (2) to advance responsible 

environmental stewardship. In addition the environmental mission statement of WMU states; 

“We, the Western Michigan University community, are dedicated to creating a safe, healthy, 

aesthetically pleasing, and sustainable campus.” Previously on WMU’s campus a study of green 

roofs was performed. This study realized that the implementation of green roofs was in 

compliance with the previously stated goals, missions, commitments, policies and guidelines 

held by WMU.  

In the 2007 a report by previous Western Michigan University Students; Jay Cimala, 

Samantha Keeney, and Will Manty presented green roofs as a viable option for addressing a 

multitude of sustainability concerns on campus. Their report entitled “Green Roofs at Western 
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Michigan University” sought to illuminate the costs and benefits of green roofs to Western 

Michigan University’s administration. This study was intended as a way to alleviate the cost of 

conventional roofing from “the university, watershed, ecosystem, and campus human 

population.” In addition it outlined the unsustainability issues associated with conventional roofs 

including; the creation of an impermeable surface, increased storm water discharge, short roof 

life expectancy, heat island effect, and roof surfaces themselves as aesthetically displeasing 

features. Furthermore the range of benefits associated with green roofs include but are not 

limited to; increased storm water retention, extending the life of the roof membrane, added roof 

protection from ultraviolet (UV) radiation, reduction of thermal shock to the roof membrane due 

to extreme  heating and cooling, and a reduction in dark heat absorbing surfaces that contribute 

to heat-island effect.   

It is the purpose of this study to identify the opportunity that underutilized roof spaces 

present, as a way to increase campus green space, mitigate storm water runoff, decrease heat-

island effect and provide a visible commitment to sustainability through the use of green roofs. 

In a survey conducted in April of 2011 by the Office for Sustainability when students were asked 

how they would allocate funding to eighteen campus projects, green roofs were ranked fifth 

among; free water bottles, renewable energies, and green buildings. This shows that green roofs 

are a technology that the students of WMU would like to see implemented on campus and 

believe that funds should be allocated for green roofing. The goal of this report is to inform 

campus administrators on green roofing systems so they could make an informed decision on 

their implementation. Green roofs as an opportunity to involve students in decision making. This 

social aspect of sustainability is key to creating a sense of unity on campus improving the overall 

wellbeing of both the individuals and the university as a whole.   
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V. Methodology and Data 

Conventional roofs present myriad unsustainability issues: (1) they are largely 

underutilized spaces,(2) each is an impervious structure which disrupts the infiltration of 

rainwater and aids storm water runoff,(3) conventional roofs are generally dark heat absorbing 

structures which contribute to heat island effect,(4) natural carbon sinks such as trees and grasses 

are replaced by buildings which through their electricity and gas use emit carbon and other 

greenhouse gasses, (5) buildings remove and negatively affect natural wildlife habitats,(6) 

conventional roofs are unattractive and not aesthetically pleasing. These unsustainability issues 

are magnified by each square foot of roofing. WMU maintains over 3 million square feet of roof 

space in Kalamazoo. These roofing systems vary between; metal roofing, hot applied asphalt, 

adhered synthetic rubber waterproofing layers, un-adhered synthetic rubber waterproofing layers 

and un-adhered synthetic rubber waterproofing layers with a ballast layer. Each type of roof 

system reacts differently to sunlight and precipitation. This is based on location, height, daily 

percent of direct sunlight, building materials and climate. Even though each roof is differs in 

composition they each contribute to the previously mentioned unsustainability issues.   

1. Review of 2007 Report “Green Roofs at Western Michigan University”  

Jay Cimala, Samantha Keeney, and Will Manty compiled a report in the spring of 2007 

entitled “Green Roofs at Western Michigan University.” The report prepared for ENVS 410 

created a general baseline of research on green roofing. Their report focused on the social, 

environmental, and economic benefits of green roofs and how they could be applied to WMU in 

order to improve sustainability.  

 The 2007 report “Green Roofs at Western Michigan University” presents a general 

baseline for this study. In the four years since the 2007 study much research and data has been 
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compiled on green roofs. The awareness and use of green roofs has increased as well. Since 

2007, the number of   Michigan Colleges and Universities that have either installed or are 

constructing green roofs on their campus has increased from two universities to twelve colleges 

and universities.    

 Building off of the 2007 report, this study desires to present current, up to date research 

and data for the price, availability and practicality of green roofing at WMU.  This report will 

focus on 5 distinct areas: (1) a review of the current professional literature, (2) a best practice 

review of Michigan Colleges and Universities,(3) cost comparison and analysis of conventional 

roof systems and storm water BMP’s to green roofing systems,(4) an analysis of current roofs on 

campus to determine the most suitable for a retrofit green roof,(5) compiling a budget for an in 

situ green roof pilot project located on the new Sustainability Office Building.  

2.Professional Literature Review 

The start of this project began with a review of current professional literature comparing 

the findings and data to the data presented in the 2007 report.  Research first began by reviewing 

the literature presented in the 2007 report. A general search was conducted using WMU’s 

Library resources including the “power search”, as well as various scientific and engineering 

databases such as Scopus, Web of Science, and Ei Compendex.  General search phrases such as 

“green roof/s,” “garden roof” and “eco roof” were used. Secondly researchers at Michigan State 

University and Penn State University were contacted in order to gain insight to important and 

relevant professional research. This review of the literature sought to provide a data driven 

analysis of the current extent and limitations of green roofing.  The information was used to gain 

knowledge on the technical terminology as well as any industry leading technologies.  
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3.Best Practice Review of Green Roofing Systems at Michigan Colleges and 

Universities  

The best practice review of green roofs at Michigan Colleges and Universities sought to 

determine which Michigan Schools currently have green roofs, what types of green roof systems  

they are utilizing, how long the systems have been in place and any major problems or 

accomplishments they have attributed to the roofs.  Also a best practice review of currently 

available green roofing systems was conducted to determine; weight, dimensions, life 

expectancy, soil media depth and recycled components.  This information was gathered through 

internet research and personal interviews conducted in person and through e-mail. The scope of 

the best practice review was designed to determine a baseline for the application of green roofs 

in Michigan. Michigan was chosen as the geographic extent of the study in an effort to control 

the variables of climate, building codes, state budget and regulations as much as possible.  While 

it is understood that the Michigan’s climate varies significantly with latitude and proximity to the 

Great Lakes the geographic extent of the state of Michigan was maintained in an effort to control 

for economic variables as well depict the range at which green roofs can successfully be 

implemented.  The best practice review provides an overview of all of the green roof systems 

utilized currently at Michigan Colleges and Universities. This information is vital to fully 

understanding the options available as well as which options are yet to be implemented in this 

region.  

4.Campus Roof Analysis 

The analysis of current campus roofs was performed with the help of Stephan Macomber 

who is in charge of WMU’s roofing maintenance. The roof maintenance department manages the 
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roof database which holds information on the age, value, size, system type, condition and 

drainage of every roof section maintained by WMU.  This information was analyzed to locate 

roofs which will require their roofs to tentatively be replaced in the next five years. Secondly 

older roofs that utilize a roof ballast were prioritized because of their existing 10lb per square 

foot weight. Roofs however are not selected for replacement based on age alone. The selection of 

roofs in need of replacement involves the use of a thermal imaging camera to search for hotspots 

signifying heat escape and residual water pooling. These are two signs of roof degradation.  

This analysis of the campus roofs presents the five most ideal roofs for a retrofit green 

roof installation.  Beyond being ready to be replaced these roofs would need to be structurally 

analyzed for their load capacity in order to be certain that they could compensate for a heavier 

green roof.  

5. Full Cost Comparison of Green Roofs and Conventional Roofs 

Green roof’s greatest economic benefit is derived from their ability to retain rainfall, 

delay its peak flow and mitigate the volume of storm water runoff.  Normally a green roof’s cost 

is compared directly to that of a conventional roof without accounting for this added storm water 

mitigation benefit.  The analysis of the cost of storm water BMP’s was performed in an effort to 

quantify their benefit. The study sought to include all projects at WMU in the last 10 years which 

utilized a storm water BMP. In doing so the total cost of the project and the amount of storm 

water in cubic feet retained per BMP would be used in order to calculate the cost per cubic foot 

of storm water retained.  This cost would then be compared to the cost per cubic foot of storm 

water retained by the green roof.  

Cost and capacity of storm water BMP’s were found with the help of Cari Delong. Data 

necessary to truly quantify the rate of infiltration and flow of the BMP is not available. Therefore 
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the implications of this analysis are limited but the proposed method can be completed upon the 

availability of data for storm water BMP’s at WMU.  

6.Upholstery Shop Green Roof Pilot  

This portion of the study applies all of the information previously gained in order to best 

recommend a green roof system for the future Office of Sustainability. The data derived from the 

literature review, best practice and campus roof analysis was used to determine based on the 

structural capacity, and size of the building a way to initiate an in situ green roof pilot project.  

The study will be measuring the rainfall retention and potentially, water quality, and heat transfer 

in order to better calculate the benefits of green roofs in a retrofit setting. A budget, and materials 

list as well as potential grants, donations and contributors were compiled. 
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VI. Examples of Best Practice on Campus 
1.Sangren Green Roof 

To date there are no existing green roofing systems on campus.  According to Douglas 

Lloyd the Architectural Project Manager at WMU the new Sangren Hall building slated to be 

completed in 2012 will have a LiveRoof® green roofing system on the walkway entrance 

canopy.  The inclusion of green roofing in 

new construction is an example of WMU 

including a sustainable aspect in their 

building design.  This portion of roof will 

retain rainfall mitigating storm water runoff 

associated with impervious surfaces.  The visibility of this green roof will improve awareness of 

sustainable practices on campus as well.  Also the aesthetically pleasing nature of green roofs is 

beneficial to building patrons that are looking out of the building towards the walkway entrance 

canopy.  

2.Storm water Management 

  WMU follows a Storm Water Management Policy in order to meet best management 

practices for storm water management.  The incorporation of this management policy for 

construction projects costing over 1 million dollars enforces that they have a 0% volume 

discharge increase. Design Guidline number five states; 

“Designs shall utilize retainage and detainage systems to minimize the impact of the 

existing storm water system. Designs shall include maintainable sediment control.” 
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 Through policies like this WMU ensures that new buildings practice sustainable storm water 

management. 

3.Lifecycle Guidelines and LEED Certification 

WMU has set standard lifecycle guidelines for buildings on campus.  WMU Facility Life Cycle 

Design Guidelines ensure that design projects utilize the LEED Rating System. As stated in 

design guideline number two; 

“US Green Building Council LEED Rating System is to be used on all 

projects over $1 million cost as a performance standard and design tool/ checklist. 

The highest rating level that is feasible should be achieved, with the LEED 

Certified level as the minimum requirement. All projects are to follow the Design 

Guidelines listed below, which incorporate LEED and WMU specific criteria.” 

Green roofing represents an opportunity to improve LEED Certification level. Buildings that use 

a green roof for more than 50% of the total roof qualify for between one and seven LEED 

Credits. With potentially more LEED Credits available based on other design aspects.   

4.In Situ Photovoltaic Pilot Project 

  Through a grant from the State of Michigan Dr. Glasser was able to install three different 

types of photovoltaic solar panels on Wood Hall. As documented in the 2007 study the solar 

panels were installed to determine which worked the best at WMU. This in situ study is the 

longest running of its kind and represents a best practice at WMU for testing a new technology. 

The panels provide electricity to the Environmental Studies Office, in doing so it is the only 

department on campus that completely uses alternative energies.   
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VII. Examples of Best Practice on Other Campuses 
1.Lawrence Technological University                     Southfield, MI 
 

Lawrence Technological 

University (LTU) is a private 

university located in Southfield 

Michigan just outside of Detroit.   

In 2005 LTU installed a Hydrotech Green roofing system. This system utilized a 4 inch 

expanded shale blend planting medium, sedum and dianthus species, a filter fabric a draining 

section and a water retention layer on top of insulation and a waterproof membrane (See 

Appendix 7.).  LTU did not simply want to install the roof and just use it as a visible 

sustainability talking point. The university designed a research project in order to quantify the 

roofs benefits compared to a ballasted roof and conventional unballasted roof.   

This study had the following research goals in mind;  

1. Establish a long-term monitoring station capable of determining the 

temporal performance of the green roof.  

2. Determine the overall percent of precipitation retained and detained 

by the green roof (water quantity). 

3. Determine the nutrient loading capabilities of the green roof (water 

quality).  

4. Determine the reduction in ambient temperature associated with 

the green roof (air quality). 

Figure2.  shows the rainfall retention data derived from LTU’s green roof study. Both the goals 

and outcome of the LTU study represents a best practice for implementing and documenting the 

Figure 3: Rainfall retention for a green roof at LTU. Green- 

amount retained, blue- total rainfall, line- percent retained. 

Figure 2 LTU, in situ green roof. 
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successes and failures of a new technology. Their methods should be used as a benchmark when 

designing the installation of a green roof.  

2. Michigan State University                                      East Lansing, Michigan 

Michigan State University currently has a green roof 

research program. “The Green Roof Research Program 

at MSU was initiated in collaboration with Ford Motor 

Company during 2000 in an effort to advise them on the 

installation of a 10.4 acre extensive green roof on a new 

assembly plant in Dearborn, Michigan.”  The research 

program utilizes 24 (4’ x 4’) and 24 (8’ x 8’) raised roof platforms at the Horticulture Teaching 

and Research Center. These platforms are used to test MSU’s research objectives.  

The Specific research objectives are to: 

1. Conduct a performance evaluation of specific plant species for rate of establishment, nutrient requirements, 

environmental tolerances, plant competition, ability to exclude invasive weeds, and survival and 

persistence. 

2. Evaluate mixed plant communities and succession over time. 

3. Examine differences in evapotranspiration rates, substrate moisture 

levels, and plant performance among species exposed to several 

substrate depths and various levels of drought. 

4. Utilize chlorophyll fluorescence measurements to quantify plant 

stress before it is evident from visual observations. 

5. Determine effect of rooftop microclimate on winter damage and 

subsequent growth. 

6. Determine the carbon sequestration potential of green roofs. 

7. Quantify the differences in water retention among roof vegetation types.  

Figure 4. MSU’s green roof research platforms 

Figure 5. Green roof on MSU’S PSSB 
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8. Quantify the differences in water retention among combinations of green roof slopes and substrate depths. 

9. Evaluate the influence of roof vegetation on roof membrane 

temperatures, heat flow into and out of the building, and 

energy consumption. 

I visited this research facility and spoke with Dr. Bradley 

Rowe a professor of horticulture and long time green roof 

researcher. He explained to me the benefits of green 

roofing in detail and the necessity to continue research on 

the various aspects of green roofing. This research facility is a leading green roof research 

program in the United States. Its close proximity to WMU provides ample evidence of the 

potential for research on green roofs in this region. This research program represents a best 

practice green roof research facility. The goals of MSU’s Green Roof Research Program should 

be used as benchmarks for best practice in green roof research and represent a goal for WMU’s 

implementation of green roofs. MSU uses current technologies, and scientific practice in order to 

better understand green roofing’s benefits and limitations. WMU can learn from the practices of 

MSU in order to record data from future green roofs.   
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VIII. Discussion 

 

1.Review of 2007 Report “Green Roofs at Western Michigan University”  

 In 2007 a report by Western Michigan University Students; Jay Cimala, Samantha 

Keeney, and Will Manty presented green roofs as a viable option for addressing a multitude of 

sustainability concerns on campus.  This report outlines the benefits of green roofing. Focusing 

on increased storm water retention and energy cost savings attributed to the added insulation 

provided by a green roof. Through looking at Michigan State University, Southern Illinois 

University in Edwardsville, and the University of Wisconsin’s green roof programs they were 

able to identify a best practice. This best practice involves research, monitoring, public 

awareness and education about green roofs.   

 By starting the conversation about green roofs on campus with faculty, staff, and students 

this report effectively laid the groundwork for future projects. The report concludes by 

recommending the implementation of a “long-term [green roof] research and monitoring regime 

that could benefit the university and further the development of this sustainable technology.” 

Suggesting the BTR Park as a potential site for this type of project, they have laid the 

groundwork for my report to build off of.  Without the 2007 report on green roofing my research 

would not have been able to focus on a pilot project as a viable option. 

2.Professional Literature Review 

Building off of information provided in the 2007 “Green Roofs at Western Michigan 

University report” a general literature review was conducted to generate a scope of the benefits 

of green roofs. This literature review is broken into three major sections; storm water retention, 
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insulation and energy savings, and additional benefits.  

2a. Storm water Retention 

 Four professional journal articles pertaining to the subject of storm water retention were 

reviewed. A general study on the ecological benefits and functions of green roofs by Oberndorfer 

et al. found green roofs to be a viable storm water retention method especially in urban areas. 

While conventional storm water retention methods exist to store water they are intensive 

technologies.  Furthermore the intensiveness and space requirements of conventional storm water 

retention methods make them increasingly difficult to implement in an urban setting 

(Oberndorfer et al.,2007).   

 A major benefit of the green roof is its ability to absorb water and release it over a period 

of time. This is in contrast to a conventional roof in which storm water is not delayed (VanWoert 

et al., 2005). The study performed by VanWoert (2005) and his collogues measured the amount 

of rainfall retained by green roof test plots at Michigan State University.  Their results showed 

60% retention of rainfall during measured rain events. This study utilized three Xero Flor® 

vegetated mat systems ranging in soil depth from ¾ inch to approximately 2½ inches.  In 

addition a secondary study testing roof slope was performed. Sloped roofs ranging from 2% to 

6.5% were tested for different media depths. The 2% grade (1 ½ media depth) retained a 

significantly higher percent of rainfall for light and medium rain events ( VanWoert et al., 2005).  

This study presents rainwater retention capabilities of 60% for media depths of only 2 ½ inches. 

This information is valuable because of the light weight nature of the Xero Flor® green roof 

systems.  In the process of retrofitting roofs with green roofing, the added load of a GRS is a 

major barrier to implementation.  The relative effectiveness of the lightweight Xero Flor® 

models makes them a viable option for retrofitting. 
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  A study performed by DeNardo et al. (2005) at Penn State University used six replicated 

buildings with 1.8 by2.4 meter roofs to test rainfall retention.  They used three green roofs with 

growing media depths of 3.5 inches and three conventional roofs.  This study was performed 

between October and November in 2002 and retained an average of 45%. A maximum retention 

of 98% of rainfall and a minimum retention of 19% of rainfall was recorded.  In addition delays 

to the start of runoff were on average 5.7 hours and delay to the peak runoff response was on 

average 2.0 hours (DeNardo et al., 2005).  DeNardo et al. (2005) goes on to state; “Green roofs 

are an effective storm water BMP that can reduce the volume of runoff from roofs, delay the 

runoff that does occur, and attenuate the peak rate of runoff.” The use of green roofs as a storm 

water BMP improves their cost effectiveness in comparison to a lower cost conventional roof.  

The study also found a significant reduction in roof surface temperatures.  

 A study performed on in situ green roofs in North Carolina by Hathaway, Hunt, and 

Jennings (2008) tested two green roofs. The first roof was 750 square feet with a 3 inch media 

depth and the second roof was 290 square feet with a four inch soil depth.  The two roofs each 

retained 64% of the total precipitation. Furthermore the roofs reduced the peak flow by greater 

than 75%.  Both of the results were statistically significant. (Hathaway, Hunt and Jennings, 

2008). Based on the study’s findings the authors recommend that extensive green roofs would be 

an excellent storm water BMP. Also similar to Denardo et al. (2005) significant reductions in 

peak flow were observed. Hathaway, Hunt, and Jennings (2008) also found elevated levels on 

nitrogen in the green roof runoff when compared to rainfall and the control roof section.  

 Overall the findings on the storm water retention capabilities of green roofs found 

average rainfall retention to be between 45% and 64%. The differences can be partially attributed 

to the varying climates as well as differences in soil depth and composition. Rainfall retention 
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was found to be significantly better in green roofs than in conventional roofs in all three studies. 

Two studies also found significant delays in peak flow and recommended green roofs as a viable 

storm water BMP. 

2b.Insulation and Energy Savings Provided By Green Roofs 

 The ability of green roofs to insulate buildings and reduce heat transfer through the roof 

has been reported in various professional journals. Wong et al.(2003) reported savings of 2-64% 

on space cooling load in a study of a five story building in Singapore. This study utilized both 

extensive and intensive roofs with soil depths ranging between 100mm and 900mm (3.93 in- 

35.43in). Spolek (2008) however reported an average of 72% reduction in heat flux during the 

Oregon summer. In addition winter heat loss was reduced by 13% for green roofs in Portland 

Oregon. He suggests that large, low buildings would be good candidates for green roof because a 

majority of their heat loss occurs through the roof.  

 Niachou et al. (2001) studied green roof thermal properties and energy performance in 

Greece. Their findings showed a 37% energy savings in buildings without insulation which 

increased to 47% when night ventilation was utilized.  These figures were reduced to between 

4% and 7% in roofs with moderate insulation.  

 After reviewing the professional literature it is apparent that green roofs energy saving 

benefits is reserved for buildings with little to no insulation. While the studies previously 

mentioned occurred in various climates much different to that of Southwest Michigan their 

overall conclusions can be used objectively to improve understanding of the green roof’s energy 

impacts.  Wong et al.(2003) supports the general acceptance that greater soil media depth 

provides a greater reduction in energy costs. Both Spolek (2008) and Niachou et al. (2001) 

support the use of green roofs on buildings with little to no insulation as a viable way do 
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moderate indoor temperatures, thus reducing the energy required for heating and cooling.  In 

addition Niachou et al. (2001) presents green roof retrofitting as an option for improving 

insulation among their various other benefits. 

3.Best Practice Review of Green Roofing Systems at Michigan Colleges and 

Universities  

The best practice review of Michigan Colleges and Universities identified a total of ten 

institutions with installed green roofs (see Appendix 3) Four Colleges and Universities including 

WMU were found to have a green roof under construction.  Of the thirteen public colleges and 

universities in Michigan four universities have implemented green roofs.  These universities 

include Central Michigan University(CMU), Michigan State University(MSU), The University 

of Michigan (U of M) and Grand Valley State University (GVSU).  Each of the latter three have 

installed three green roofs on their buildings while CMU has recently installed their first green 

roof.  

 The best practice review identified; how many green roofs each university had, what type 

of green roof system it utilized, when and who installed it, and if research data was available on 

the roof.(See Appendix 4) Largely data on research was not available.   

A variety of green roofing systems were utilized (See Appendix 4) 

 Brad Rowe at MSU , Tim Thimmesch at GVSU, and Tom Donovan at Saint Clair County 

Community College (SCCCC) were contacted via e-mail to inquire about issues involving their 

green roofs. Questions pertaining to; maintenance requirements, added labor costs for 

maintenance, major challenges, positive aspects and cost data availability. These institutions 

were chosen because of the number of green roofs they have implemented and the age of the 
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roofs. Responses to added costs of maintenance all noted that there was no major increase in cost 

and that maintenance was relatively minimal. The noted positive aspects included storm water 

retention and visibility of green roofs on campus.  

4. Green Roof System Best Practice 
 

The best practice of green roofing systems was compiled in order to compare the four major 

green roofing systems available to Southwest Michigan. The four green roofing systems 

compared are; LiveRoof®, Xero Flor®, Green Grid® and Garden Roof®. The comparison table 

is in Appendix 6. When speaking with five local installers (See Appendix 5 for installers and 

contact information) of green roofs each recommended LiveRoof® modular systems for 

installation. Of the three LiveRoof® models the standard model with a four inch soil media 

depth was recommended highest.  Jared Krump of Summit Landscaping also mentioned that a 

number of the LiveRoofs® installed were done so in place of Xero Flor® models. Of the green 

roofs installed in colleges and universities in Michigan five are LiveRoof® Standard Models 

(See Appendix 6).  LiveRoof® is a modular tray system. This allows for easy access to the roof’s 

waterproofing layer in the case of any leaks or problems. The feature of the LiveRoof® system 

which is the most beneficial is the use of “soil portals” and “soil elevators” as seen in (Appendix 

7). These design aspects allow for the trays to be recessed below the elevated soil and for the soil 

from each tray to interact increasing the retention of rainwater. The recessed tray is in contrast to 

the Green Grid® system which has reported degrading of plastic trays. LiveRoof® utilizes 

varieties of sedum also known as stone crop. Sedum is a hearty succulent which is capable of 

thriving in the four inch soil media and resisting drought. The major limitation of this model is 

its weight of between 27 and 29 pounds saturated. Therefore it is best used in new construction 

when the roof can be constructed to a greater load bearing capacity.  
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 While Xero Flor® roofs were not recommended by installers, Dr. Bradley Rowe at MSU 

showed me their Xero Flor® vegetated mat green roof on top of their Plant and Soil Sciences 

Building (PSSB). The Xero Flor® models utilize a vegetated mat similar to sod in appearance 

that grows varieties of sedum. Installed in 2006 the rainwater retention data for this roof was not 

collected (VanWoert (2005) recorded an average rainwater retention of 60% for a Xero Flor® 

model). Instead of utilizing the PSSB roof for rain water retention research the roof is used for 

teaching the public about green roofs. It is situated outside of a lounge deemed the “green roof 

viewing room”. Dr. Rowe informed me that this roof as pictured in Figure** has provided an 

excellent example of green roofing to show prospective students and members of the community. 

In addition to educational purposes the roof is used for observational studies on plant species 

composition. Because of the minimal weight of the three Xero Flor® models (between 7.5 and 

10.0 pounds) they are more readily available for retrofitting projects. Specifically roofs that 

utilize a roof ballast of river rock. A general summary of the advantages and disadvantages of 

each of the four green roofing systems is available in Appendix 6. 

5.Campus Roof Analysis 
 An analysis of the roofs on campus was performed to determine which would be suitable 

for a green roof retrofit as well as which would soon need to have their roofs replaced. Stephan 

Macomber in charge of roof maintenance at WMU helped me to identify these roofs.  The data 

for all roofs on campus is contained in computer database housed at the physical plant. This 

database contains information for each specific section of roof. The building name, section ID, 

value (based on replacement cost), age, size in ft
2
, roofing system type, roof condition, if it is 

leaking  or not and adequacy of the drainage. This data as well as Stephan Macomber’s broad 

knowledge of all the roofs on campus helped me to determine which roofs would be candidates 
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for green roof retrofits.( See Appendix 8) 

 Roof’s load bearing capability is determined by the live and static loads. The static load is 

the weight of the roof elements themselves, while the live load is the dynamic load the roof is 

capable of holding such as snow or a person walking on the roof. The load bearing capability 

must be determined by a structural engineer.  The load per square foot is determined by 

calculating the roof sections total load capacity and dividing it by the total square feet.  The 

weight of the average conventional roofing system is only 4.5 lbs, this is the water proofing 

layer, insulation and other layer. Some roofs have a washed river stone ballast laid on top of 

them. According to information from Stephan Macomber the stone ballast weighs 10lbs per 

square foot.  Roof ballasts serve a variety of purposes including weighing down an unadheared 

water proofing layer.  The 10lbs is less equal to the 10 lb saturated weight of a 1¼ inch media 

Xero Flor® vegetated mat green roofing system.  

5a. Buildings That Fit Criteria 

With the help of Stephan Macomber who is in charge of roof maintenance five roofs were selected that 

meet the criteria of the campus roof analysis. This included roofs that are more than 15 years old, have a 

ballasted system and have at least one section of roof in “poor” condition
1
.  Both Draper-Schiedshlag 

Hall and Burnham Hall have roofs in need of roof replacement in the next two years
2
.  Because these 

roofs are ballasted systems they would be able to support up to a 10lb green roof. In the study at MSU, 

the Xero Flor® green roof which would meet the 10lb requirement and observed rainfall retention rates 

of 60%. Both Draper-Schiedshlag Hall and Burnham Hall should be considered for a green roof 

retrofit (See Appendix 8). 

                                                 

 

1
 Condition was derived from the roof database. This is a grade given by roof inspection staff.  

2
 Stephan Macomber 
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6. Full Cost Comparison of Green Roofs and Conventional Roofs 
 This study sought to compare the life cycle cost of green roofs to the lifecycle cost of 

conventional roofs and the storm water management practices used to mitigate the excess storm 

water provided by the over three million acres of roofing maintained by WMU. During this study 

however the unavailability of data for the rate of flow, rate of infiltration and rate of refill for the 

storm water management practices on campus did not allow for an accurate comparison.  While a 

simple cost comparison based on how much water could be retained at one time by a green roof 

and the in place storm water management practices it the results were highly speculative and 

therefore not included in this report. The study was performed for Kohrman Hall and the 

Richmond Center for Visual Arts, comparing the cost per cubic foot of the storm water retention 

potentially provided by a green roof on Kohrman Hall compared to the current storm water 

retention method (the site utilizes detention basins which allow for a slow infiltration of storm 

water). Because of the lack of a standardized comparison and the amount of speculation it was 

left from this report. Once more detailed data on the retention capabilities of the storm water 

management practices on campus is available this would be an extremely useful study for 

comparing the full cost of conventional and green roofing.  

7.Upholstery Shop Green Roof Pilot  
The new home of the Office for Sustainability located on East Campus and will be 

renovated in the summer of 2011.  The renovated building will incorporate sustainable building 

features such as solar thermal heating. The south facing lower section of roof pictured in Figure 

1 is approximately 890 square feet.  

7a.Pilot Research Project 
        Because of the variability in data on green roofs due to differences in climate and building 

materials, a pilot project is proposed to fully understand and quantify the benefits of green 
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roofing.  Based on my research this study would be the first of its kind to utilize a side by side, 

multisystem in situ comparison of green roofing systems in the United States. The major goal of 

the pilot project is to quantify the rainwater retention capabilities of the four green roof systems. 

Additional goals include testing; water quality, thermal fluctuations, and roof surface 

temperatures. The pilot project will divide the roof into four, 150 square foot test plots. The 

study will include four types of extensive roofing systems;   

 1)   1¼’’ Xero Flor® pre-vegetated mat  

 2)   2’’ modular LiveRoof® system  

 3)   4’’ modular LiveRoof®  

 4)   Control Roof (conventional roof)    

The lighter models (1 and 2) are ideal 

for green roof retrofitting because no 

added structural support is necessary.  A 

4.0’’ growing media LiveRoof® will 

also be utilized. The four inch model offers the greatest ratio of rain water retention compared to 

weight. As stated in the best practice this is the most practical option for new construction. The 

location and orientation of the plots is depicted in Figure 1. This setup will allow for direct 

comparison of the most widely installed green roof systems on the market. 

7b.Data Gathering Methods 

The data provided by the green roof is extremely valuable for Southwest Michigan. While much 

anecdotal information exists in this region there is a lack of scientific data.  Rainfall retention 

data will be collected by measuring the flow of un-retained water from each individual plot. 

Utilizing a 4 inch diameter Palmer Bowlus Flume, level sensor, and flow meter the amount and 

Table 1: Cost of green roofing based on pricing from local installers.   

Conventional roof cost based on roof replacement costs.  

 

Figure  1. The Office for Sustainability Building’s Green Roof Pilot Project 
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rate of water not retained for each test plot can be calculated and recorded by the flow meter 

every 5 seconds. This data will be compared to a tipping bucket rain gauge (1/4 mm bucket 

capacity) which similarly will record the total rainfall over time. The difference being the 

amount of rainfall retained. In addition, through the use of thermal sensors, and soil moisture 

sensors, the range of local roof temperatures, soil moisture content, plant coverage, and plant 

survivorship will be studied.  

 This data gathered from the pilot study will lead to an increased understanding of the 

benefits of green roofing. Furthermore the full cost of green roofs will be understood and 

delineated, potentially making them a more competitive option when compared to a conventional 

roof. The list of monitoring equipment and costs are located in Appendix9. The location of the 

Office for Sustainability represents a valuable marketing opportunity for the green roof pilot 

program and the Office for Sustainability. Strategically located on the bottom of Oakland Drive 

the green roof will be visible from the street. In addition a sign commemorating donors and 

providing information on green roofs would improve campus awareness of green roofing and the 

sustainability office.  

7c.Project Funding 

The project funding will be contributed by grants and donations. Each provider of green roof 

systems will be contacted in order to request 150 square feet of their respective system. Based on 

the equipment for the study being provided by WMU through available research grants the 

system providers should have ample incentive to donate the requested roofing materials. In 

return for donations the companies will have complete access to the data derived from the study 

and the installation of a stone donation wall will occur. This will provide advertising for their 

products.  In the case that roof system donations are not provided they will be funded by other 
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means such as a sustainability grant or fundraising. The equipment for monitoring the green roof 

plots will be funded either through a sustainability grant or by fundraising.  

IX. Limitations of Your Analysis & Future Work 

 

1. Cost Analysis 

The original scope of this report was to quantify the true cost of storm water management 

practices on campus.  This would allow for the further analysis of the cost margins between a 

green roofing system and the combined cost of a conventional roofing system and storm water 

management practices.   

The true cost of the storm water management practices required the cost of parts and installation 

as well as data on the capacity, flow, rate of infiltration and rate of refill for storm water 

management systems.  While the cost of the projects were much more available, cost data was 

still missing (See Appendix 10) for the Chemistry Building and adjacent rock pond, Sangren 

Hall, the Business Technology and Research Park (BTR Park), and the Brown Hall Renovation.  

The capacity of storm water management systems was not available for the BTR Park, 

Chemistry Building, and Brown Hall. Lastly the greatest limitation was found in the lack of real 

data relating to the flow, rate of refill and rate of infiltration for the storm water management 

systems.  None of the researched projects had data available for these attributes. Therefore an 

accurate study comparing the storm water retention of a green roof to the installed storm water 

management systems on campus could not be performed. Through conversations with Cari 

DeLong I was informed that this information is being compiled by Kieser & Associates.  The 

further analysis of this information combined with the respective project’s cost and life 

expectancy will provide accurate data to compare to the cost benefits of green roofs.  Therefore 

once the storm water data is made available a detailed full analysis should be performed.  
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2. Site Specific Data for Green Roof Benefits 

A secondary limitation was observed for the comparison of studies on green roofs at 

different institutions. Because the benefits of green roofs are so interconnected to the climate at 

both the microscale and macroscale the extrapolation of data from one site to another was 

difficult and involved a high level of error. 

 In response to the numerous variables, accurate site specific data for the benefits of green 

roofs at Western Michigan University cannot be determined without gathering data from a green 

roof pilot project.  The real time values for rainfall retention and insulation gathered from a pilot 

project data would allow for a more accurate comparison of green roofs and other storm water 

management practices at WMU.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Green Roofing At Western Michigan University 

 

Page 32 of 49 

 

 

X. Conclusions/Recommendations 
There are five major conclusions and recommendations drawn from this study; (1) The 

underutilization and magnitude of roof space at Western Michigan University present an 

opportunity to increase awareness of sustainability and “green” technologies at WMU through 

the implementation of green roofs. This opportunity is backed by the student body as 

documented in the 2011 Office for Sustainability Survey (See Appendix 3).  (2) Because of the 

lack of reliable rainwater retention data for green roofs, a standardized measurement method 

should be selected and applied to all future green roof installations, this includes the new 

Sangren Hall green roof. (3) The green roof pilot study laid out in the discussion section should 

be implemented in order to receive site specific data for WMU. The side by side, multisystem in 

situ comparison of green roofing systems will provide data for WMU. In addition a better 

understanding of the benefits of the industry leading green roof in both new construction and 

retrofit situations.  (4) Based on the information provided by the in situ study the suitable 

buildings laid out in the campus roof analysis (Appendix 8.) should be retrofitted with the most 

applicable green roof system. (5) Green roofs represent an extremely visible and tangible 

expression of the university’s missions, goals, policies, and guidelines. Their large and visible 

nature makes them as a symbol for sustainable practices. Therefore green roofs should be 

implemented in highly visible areas where they can be used as a way to educate the campus and 

local community about sustainability, specifically sustainable design and building practices.  

 

 

 

 

 

 



Green Roofing At Western Michigan University 

 

Page 33 of 49 

 

 

 

XI. References 

 

1. Journals 

COFFMAN, REID, et al. "Green Roofs as Urban Ecosystems: Ecological Structures, Functions, 

and Services." Bioscience 57.10 (2007): 823-33. Print.  

DeNardo, J. C., et al. "Storm water Mitigation and Surface Temperature Reduction by Green 

Roofs." Transactions of the ASAE 48.4 (2005): 1491-6. Print.  

Getter, Kristin L., and D. Bradley Rowe. "The Role of Extensive Green Roofs in Sustainable 

Development." HortScience 41.5 (2006): 1276-85. Print.  

Hathaway, A. M., W. F. Hunt, and G. D. Jennings. "Afield Study of Green Roof Hydrologic and 

Water Quality Performance." Transactions of the Asabe 51.1 (2008): 37-44. Print.  

Papakonstantinou, K., et al. "Analysis of the Green Roof Thermal Properties and Investigation of 

its Energy Performance." Energy and Buildings 33.7 (2001): 719-29. Print.  

Sailor, D. J. "A Green Roof Model for Building Energy Simulation Programs." Energy and 

Buildings 40.8 (2008): 1466-78. Print.  

Spolek, Graig. "Performance Monitoring of Three Ecoroofs in Portland, Oregon." Urban 

ecosystems 11.4 (2008): 349-59. Print.  

VanWoert, N. D. "Green Roof Storm water Retention: Effects of Roof Surface, Slope, and 

Media Depth." Journal of environmental quality 34.3 (2005): 1036-44. Print.  

Wong, N. "The Effects of Rooftop Garden on Energy Consumption of a Commercial Building in 

Singapore." Energy and Buildings 35.4 (2003): 353-64. Print.  

2.Websites 

 "Green Roof - Garden Roof® Assembly." American Hydrotech, Inc. - Garden Roof 

Assembly (Green Roof), Ultimate Assembly, Waterproofing and Roofing. N.p., n.d. Web. 

14 Apr. 2011. <http://www.hydrotechusa.com/garden-roof.htm>.  

 "Greenroofs.com: The Resource Portal for Green Roofs." Greenroofs.com: The Resource 

Portal for Green Roofs. N.p., n.d. Web. 14 Apr. 2011. <http://www.greenroofs.com/>.  

 "LiveRoof® brand Hybrid Green Roof System." LiveRoof® brand Hybrid Green Roof 

System. N.p., n.d. Web. 14 Apr. 2011. <http://www.LiveRoof®.com/>.  

 "Sustainability." Western Michigan University | A top 100 national university. N.p., n.d. 

Web. 14 Apr. 2011. <http://www.wmich.edu/sustainability 



Green Roofing At Western Michigan University 

 

Page 34 of 49 

 

 

 "Xero Flor® America | Simply. Smarter. Green Roofs.." Xero Flor® America | Simply. 

Smarter. Green Roofs.. N.p., n.d. Web. 14 Apr. 2011. <http://www.Xero Flor®a.com/>.  

 " GREEN ROOF RESEARCH PROGRAM." Michigan State University - Department of 

Horticulture. N.p., n.d. Web. 14 Apr. 2011. <http://www.hrt.msu.edu/greenroof 

3.Personal Interviews 
 Macomber,Stephan. Personal Interview. 31 March 2011. 

 Dr. Rowe, Bradley. Personal Interview. 25 March 2011.  

 DeLong, Cari. Personal Interview. 9 March 2011.  

 Pyzik, Chris. Personal Interview. 9March 2011. 

 Glasser, Harold. Personal Interview. 10 January- 20 April 2011. 

 Chenowits, Dave. Telephone interview. 17 March 2011.  

 Crump, Jerad. Telephone interview. 17 March 2011.  

 Phillips, Ross. Telephone interview. 17 March 2011.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Green Roofing At Western Michigan University 

 

Page 35 of 49 

 

 

XII. Acknowledgements 

This report could not have been possible without the careful, patient 

guidance of many people. First Dr. Harold Glasser, was the cornerstone of this 

research, he assisted throughout the process of choosing a topic, developing a 

research method, and aiding in communication between contacts along the way. He 

was always available to present feedback on and his opinion on my ideas. Dr. 

Glasser also proposed the idea of a green roof pilot project and assisted in bringing 

this concept to campus design, staff and administration. Without Dr. Glasser none 

of this project would be possible. 

 Cari DeLong the Natural Resource Coordinator exceedingly went beyond 

her job requirement to provide me with cost and size data for storm water retention 

projects on campus. She was always quick to respond to my barrage of questions 

and without her help understanding the campus’s storm water management 

practices would not be possible. 

 Stephan Macomber the Head of Roof Maintenance provided me access to 

the roof database and with roof key plans to determine the campus roofs suitable 

for green roof retrofitting. He also offered me the opportunity to participate in a 

routine roof examination using a thermal imaging camera to determine roof 

condition.  The roof analysis section of my project could not have been completed 

without his help. 

 Dr. Bradley Rowe, Horticulture professor at Michigan State University, 

provided me access and direction to professional articles on green roofing specific 

to my needs. In addition he gave me a tour of the green roof on MSU’s Plant and 

Soil Sciences Building, allowing me to take pictures and answered my numerous 

questions.  Dr. Rowe also guided me to his collogues in the field of green roofing 

when I was in need of help refining my research methodology for the pilot study. 

His willingness to help a student at a different university was honorable and went 

beyond the scope of his duties.  

 There were numerous other contributors to this project who put up with my 

prying questions and took the time from their busy schedules to assist my project 

and for this I am eternally thankful. Without anyone of the people who assisted me 

I would not have been able to complete this project, 

Thank you. 

 

 

 

 

 

 



Green Roofing At Western Michigan University 

 

Page 36 of 49 

 

 

XIII. Appendices 

 

Appendix 1. Current Contact information 

   

Name Phone Number e-mail 

Andrew Johnson  (708) 351-6832 andrew.c.johnson@wmich.edu 

 

Appendix 2. Contact List 

Name Phone Number Email Title Affiliation 

Type 

of 

contac

t 

Bob Hunckler 810 989-5750 rhunckler@sc4.edu 

SC4 Green 

Team 

St. Clair County 

Community 

College e-mail 

Cari DeLong 269 387-8568 cari.delong@wmich.edu 

Natural 

Resources 

Coordinator WMU 

In 

person, 

e-mail, 

phone 

Christopher Pyzik 269 387-8543 chris.pyzik@wmich.edu 

AIA, LEED 

AP WMU 

In 

person, 

e-mail 

Daniel J List 269-387-8014 daniel.list@wmich.edu 

GIS 

Manager WMU e-mail 

Dave Chenoweth (269) 506 0302 

dchenoweth@wallaceconsultants.co

m 

David A 

Chenoweth 

Roofing, Inc 

David A 

Chenoweth 

Roofing, Inc 

e-mail, 

phone 

Dave Feenstra 616 331-3856 feenstrd@gvsu.edu 

Maintenanc

e Supervisor GVSU e-mail 

Dean E. Nessen 248 444-2867 dean@xeroflora.com  

Operations 

Director, 

Eastern U.S. 

Xero Flor 

America, LLC e-mail 

Guy L. Bazzani 

616 774-2002 

x12 guy@bazzani.com 

President 

/CEO BAZZANI e-mail 

Harold Glasser 269 387-2713 harold.glasser@wmich.edu  

Office of 

sustainabilit

y 

coordinator WMU 

In 

person, 

e-mail 

Jennifer Smith 616 516-5562 Jennifer@LiveRoof.com  
LiveRoof LEED AP BD+C e-mail 

Jerad Crump 616 453-1091 - - 

Summit 

Landscape 

Management, Inc. Phone 

Jim Nicolow 877 929-1400 JNicolow@lasarchitect.com  

AIA, LEED 

AP 

LORD, AECK & 

SARGENT 

ARCHITECTUR

E e-mail 

mailto:andrew.c.johnson@wmich.edu
mailto:chris.pyzik@wmich.edu
mailto:daniel.list@wmich.edu
mailto:dean@xeroflora.com
mailto:Jennifer@LiveRoof.com
mailto:JNicolow@lasarchitect.com
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Kevin Clausen 616 669-7997 kjc@glsroof.com 

Vice 

President 

Great Lakes 

systems inc e-mail 

Mark 616 949 3030   

Keterberg 

Landscapin

g   Phone 

Matthew F. 

Hollander 269 387-0941 matthew.f.hollander@wmich.edu Instructor WMU 

In 

person, 

e-mail 

Melissa Wentland 269 387-8542 melissa.a.wentland@wmich.edu 

Planner / 

Estimator WMU 

In 

person, 

e-mail 

Robert Berghage - rdb4@psu.edu Professor 

Penn State 

University e-mail 

Stephan Macomber - stephan.macomber@wmich.edu 

Roof 

Maintenanc

e WMU 

In 

person, 

e-mail 

Steve Hoekstra 269 343-5536 steve@hoekstraroofing.com Owner 

Hoekstra Roofing 

Company e-mail 

Thomas Donovan 810 989-5756 tdonovan@sc4.edu 

Director of 

Physical 

Plant 

St. Clair County 

Community 

College e-mail 

Tim Thimmesch 331-3845 thimmest@gvsu.edu 

Assistant 

Vice 

President of 

Facilities 

Services GVSU e-mail 

Todd D. Hurley 269 552-4960 thurley@hurleystewart.com  
P.E. 

Hurley and 

Stewart e-mail 
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Appendix 3. WMU Office for Sustainability 2011 Campus Survey 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0 0.2 0.4 0.6

Peer-to-peer sustainability education …

An on-campus bike shop/co-op.

“Green Guide” for sustainable choices

Creation of sustainability academic programs

A bicycle rental program 

Student-led community garden projects.

Continuation of the EcoMug™ Program.

Composting of dining food waste 

Student-led community garden projects.

A “free store” on campus 

A student-managed farm 

Conversion of fryer oil into fuel

A student-run, sustainable Café 

Green roofs on campus 

New green buildings and retrofits

Free water bottles for students 

Renewable energy infrastructure 

Free filtered water dispensers

Percent of Students Allocating Maximum Project 
Funding (2011 Campus Survey)

% Maximum 
Funding

Figure 6 Office for Sustainability 2011 Capus Survey 



Green Roofing At Western Michigan University 

 

Page 39 of 49 

 

 

 

Appendix 4. Best Practice Results 

School 
Number of  Green 

Roofs 
Building Location Use Year 

Roof 
Size 
ft

2 

System used 

Michigan Universities 

Central 
Michigan 
University 

1 

College of 
Education and 

Human 
Services 

Mount 
Pleasant   
Michigan 

Educational 2009 
28,000 

ft
2
 

Xero Flor® 

Eastern 
Michigan 
University 

1 *Under 
Construction 

Science 
Complex 

Ypsilanti, 
Michigan 

Educational 
Expected 

Completion 
2011 

ND 

Green Roof 
Blocks & 

GreenPaks 

Ferris State 
University 

0 
     

 

Grand Valley 
State 

University 
3 Mackinac Hall 

Grand 
Rapids 

Michigan 
Educational 

April 25 
2008 

6,000 
ft

2
 

Modular 
LiveRoof® 

Grand Valley 
State 

University 
3 

Lake Michigan 
Center 

Muskegon 
Michigan 

Educational July 9 2008 
1,000 

ft
2
 

Modular 
LiveRoof® 

Grand Valley 
State 

University 
3 

Recreation 
Center 

Grand 
Rapids 

Educational 2008 
1,300 

ft
2
 

Xero Flor® 

Lake Superior 
State 

University 
0 

     
 

Michigan 
State 

University 
3 

Michigan State 
University 

HTRC 

East 
Lansing 

Michigan 
Educational 2000 

1,920 
ft

2
 

Xero Flor® 

Michigan 
State 

University 
3 

Communication 
Arts Bldg 

East 
Lansing 

Michigan 
Educational 2005 161 ft

2
 

Xero Flor® 

Michigan 
State 

University 
3 LA Alumni Barn 

Traverse 
City 

Educational 2005 
2,400 

ft
2
 

Xero Flor® 

Michigan 
Technical 
University 

0 
     

 

Northern 
Michigan 
University 

1*Under 
Construction 

The Jacobetti 
Center 

Marquette 
Michigan 

ND 
Bidding 

Starts 2011 
ND 

ND 

Oakland 
University 

0 
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Summary of Best Practice. Information derived from Internet research and e-mail 

Saginaw 
Valley State 
University 

0 
     

 

University of 
Michigan 

3 

University of 
Michigan 
Cyclotron 
Building 
Addition 

Ann Arbor 
Michigan 

Educational 
December 

1 2004 
7,500 

ft
2
 

Custom 

University of 
Michigan 

3 Kresge Library 
Ann Arbor 
Michigan 

Educational 2008 
12,439 

ft
2
 

Xero Flor® 

University of 
Michigan 

3 Ross Building 
Ann Arbor 
Michigan 

Educational 2008 
3,375 

ft
2
 

Xero Flor® 

Wayne State 
University 

1*Under 
Construction 

A. Paul Schaap 
Chemistry 

Building and 
Lecture Hall 

Detroit 
Michigan 

Educational 
Expect 

Completion 
late 2010 

ND ND 

Western 
Michigan 
University 

1*Under 
Construction 

Sangren Hall 
Kalamazoo 
Michigan 

X 
Expected 

Completion 
2012 

ND ND 

Michigan Community Colleges 

Grand Rapids 
Community 

College 
1 

Grand Rapids 
Community 

College 

Grand 
Rapids 

Michigan 

LiveRoof®:  
Growing 
herbs for 
culinary & 
restaurant 

August  
2008 

17,450 
ft

2
 

Modular 
LiveRoof® 

Kalamazoo 
Valley 

Community 
College 

1 

Kalamazoo 
Valley 

Community 
College 

Kalamazoo, 
Michigan 

X 2011 660 ft
2
 

ND 

Muskegon 
Community 

College 
1 

Muskegon 
Community 

College 

Muskegon 
Michigan 

Educational 2009 
6,870 

ft
2
 

Modular 
LiveRoof® 

St. Clair 
County 

Community 
College 

3 

St. Clair County 
Community 

College 
Gymnasium 

Port Huron 
Michigan 

Educational 2008 
6,500 

ft
2
 

Xero Flor® 

St. Clair 
County 

Community 
College 

3 
Atcheson 
Technical 

Center 

Port Huron 
Michigan 

Educational June 2010 
14,000 

ft
2
 

Modular 
LiveRoof® 

St. Clair 
County 

Community 
College 

3 

St. Clair County 
Community 
College Fine 
Arts Building 

Port Huron 
Michigan 

Educational 2008 
8,000 

ft
2
 

Xero Flor® 

Michigan Private College/University 

Lawrence 
Tech Institute 

1 

Alfred 
Taubman 
Student 

Services Bldg 

Southfield, 
Michigan 

Educational 2005 
12,000 

ft
2
 

Hydrotech 

Thomas M. 
Cooley Law 

School 
1 

Thomas M. 
Cooley Law 

School 

Auburn 
Hills, 

Michigan 
Educational 2008 

11,500 
ft

2
 

LiveRoof® 
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correspondence. (ND represents data that could not be located) 

Michigan 
Universities 

Installed 
Green 
Roof 

More 
than 
one 

Installed 

Green 
Roof 

Proposed
/ Under 

construct
ion 

Extensive 
X=1 green 

roof 

Intensive 
X=1 

green 
roof 

System 

Central Michigan 
University 

X 
  

X 
 

Xeroflor 

Eastern Michigan 
University   

X X 
 

Green Roof 
Blocks & 

GreenPaks 

Ferris State 
University       

Grand Valley State 
University 

X X 
 

XXX 
 

2-LiveRoof, 1-
XeroFlor 

Lake Superior State 
University       

Michigan State 
University 

X X 
 

XXX 
 

1-custom, 2-
XeroFlor 

Michigan Technical 
University    

X 
  

Northern Michigan 
University   

X 
  

? 

Oakland University 
      

Saginaw Valley 
State University       

University of 
Michigan 

X X 
 

XXX X 
1-custom, 2-

XeroFlor 

Wayne State Univ 
  

X 
  

? 

Western Michigan 
University   

X X 
 

LiveRoof 

Michigan Community Colleges 

Grand Rapids 
Community College 

X 
  

X 
 

LiveRoof 

Kalamazoo Valley 
Community College 

X 
     

Muskegon 
Community 

College 
X 

  
X 

 
LiveRoof 

St. Clair County 
Community 

X X 
 

XXX 
 

2- Xeroflor, 1-
LiveRoof 
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College 

Michigan Private Colleges and Universities 

Lawrence Tech 
Institute 

X 
     

Thomas M. 
Cooley Law 

School 
X 

  
X 

 
Live roof 

(X- Represents 1 green roof) 

 

 

 

 

 

Appendix 5. Installers and Estimated Cost per Square foot 

 

 

Installer Location Contact Name Phone Number System Recommendation 

Cost of 
Installation per 
sq ft. (2,000sq. 

ft.) 

Keterberg 
Landscaping  

3717 
Michigan NE 

Grand Rapids, 
Michigan 

49525  

Mark (616) 949-3030 LiveRoof® 4'' 18$ per sq ft  

David A 
Chenoweth 
Roofing, Inc 

PO Box 315 
Three Rivers, 

Michigan 
49093  

Dave Chenoweth (269) 506-0302 
LiveRoof® 4'' overlay 

existing roof 
15$ per sq ft 

David A 
Chenoweth 
Roofing, Inc 

PO Box 315 
Three Rivers, 

Michigan 
49093  

Dave Chenoweth (269) 506-0302 
LiveRoof® 4''Stripping of old 

roof and new retrofit 
20-22$ per sq ft 

Summit 
Landscape 

Management, 
Inc. 

2600 Sanford 
SW 

Grandville, 
Michigan 

49418  

Jerad Crump (616) 453-1091 LiveRoof® 4” 14-19$ per sq ft 

Great Lakes 
Systems, Inc. 

2286 Port 
Sheldon 
Court, 

Jenison, 
Michigan 

49428 

Kevin Clausen (616) 669-5300 LiveRoof® $25 for sq ft 

Bazzani Design 

959 Wealthy 
Street SE 

Grand Rapids, 
MI 49506 

Guy L. Bazzani (616) 774-2002 Custom 10-12$ for sq ft 
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Appendix 6. Summary of Green Roof Systems and Models 

 

 

 

 

System 
Total Weight 

Saturated 
(lbs/ft2) 

soil media 
depth 

(inches) 
Web Site 

LiveRoof Light 15-17 (lbs/ft
2
) 2.0” 

http://www.liveroof.com/ 
 

LiveRoof 
Standard 

27 - 29 
(lbs/ft

2
) 

4.0” 
http://www.liveroof.com/ 

 

LiveRoof 
Heavy 

(40-50 lbs/ft
2
) 6.0” 

http://www.liveroof.com/ 
 

Xero Flor 
XF200 

7.5 (lbs/ft
2
) 0.75” 

http://www.xeroflora.com/ 
 

Xero Flor 
XF300 

9 (lbs/ft
2
) 1.0” 

http://www.xeroflora.com/ 
 

Xero Flor 
XF301 

10 (lbs/ft
2
) 1.25” 

http://www.xeroflora.com/ 
 

Ultra 
Extensive 
Modules 

Green Grid 

11-13 (lbs/ft
2
) 2.5” 

http://www.greengridroofs.co
m/system/index.htm 

 

Standard 
Extensive 
Modules 

Green Grid 

18-22 (lbs/ft
2
) 4.0” 

http://www.greengridroofs.co
m/system/index.htm 

 

GreenGrid® 
G3 Extensive 

Modules 
Green Grid 

21-25 (lbs/ft
2
) 4.0” 

http://www.greengridroofs.co
m/system/index.htm 

 

Intensive 
Modules 
Triagle 

36 - 44 
(lbs/ft

2
) 

8.0” 
http://www.greengridroofs.co

m/system/index.htm 
 

American 
Hydrotech, 

Inc Extensive 
flat 

29.95 (lbs/ft
2
) 4.0” 

http://www.hydrotechusa.com
/garden-roof.htm  

 

Conventional 
Roof 

4.5 (lbs/ft
2
) - - 

Conventional 
Roof with 

Ballast 
14.5 (lbs/ft

2
) 

≤ 1” 
(Rock 

Depth) 
- 

http://www.liveroof.com/
http://www.liveroof.com/
http://www.liveroof.com/
http://www.xeroflora.com/
http://www.xeroflora.com/
http://www.xeroflora.com/
http://www.greengridroofs.com/system/index.htm
http://www.greengridroofs.com/system/index.htm
http://www.greengridroofs.com/system/index.htm
http://www.greengridroofs.com/system/index.htm
http://www.greengridroofs.com/system/index.htm
http://www.greengridroofs.com/system/index.htm
http://www.greengridroofs.com/system/index.htm
http://www.greengridroofs.com/system/index.htm
http://www.hydrotechusa.com/garden-roof.htm
http://www.hydrotechusa.com/garden-roof.htm
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Advantages and Disadvantages of Green Roof Systems 

 

 
LiveRoof® Green Grid® Xero Flor® Garden Roof® 

Soil Media Depth Range 
(inches) 

2-6 in 4-8 in 0.75-1.25 in 3-4 in 

Type 
Modular with Soil 

Elevators 
Modular 

Vegetated 
Mat 

Built-in 

Number Installed in Michigan 
Colleges and Universities 

5 0 8 1 

Advantages 

Soil elevators/portals 
provide the ease of a 

modular roof with the full 
coverage of a built-in roof 

and recessed trays are 
not exposed to UV-

radiation 

Modular 
system 

provides 
ease of 

removal for 
roof 

inspection. 

Light weight 
system, 

useful for 
retrofitting 
and small 

media depth 
limits the 
growth of 
weeds. 

Full coverage 
increases 

insulation, and 
may  also increase 

water retention 

Disadvantages 

Can be too heavy for 
retrofitting, system does 
not provide as full cover 
as a built-in model and 

provides more soil media 
depth for weeds 

Spaces 
between 

trays 
decrease the 

amount of 
insulation 
provided, 

allows rain 
through and 
trays can be 
damaged by 
UV-Radiation 

Smaller soil 
media 
depths 

decrease the 
rainwater 
retention 

capabilities 

Built-in system 
requires removal 
of whole green 
roof sections to 
inspect water 
proofing layer 

Number of local installers that 
recommended this product 

5 0 0 1 

Specific Product Recommended 4" Standard model - - 
Extensive Flat 4" 

model 
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Appendix 7. Roof System Schematics 

 

LiveRoof® “Soil Portals” 

 

 
 

 

 

 

LiveRoof® “Soil Elevators” 

  
 

 

 

 

 

LiveRoof® Lite 

 

 

 
 

 

Soil Portal  

Soil Elevator 
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LiveRoof® Standard 
 

 

 
 

 

 

 

 

 

 

 

 

LiveRoof® Deep 
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Xero Flor® All Models 

The range in height is determined by the growing media thickness. Other 

layers are one standard size. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hydrotech Garden Roof®System 
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Green Grid® 

Schematics are not available. Green grid is a modular system. Trays are placed 

next to one another and exist as individual sections unlike the LiveRoof® 

 
Norristown, PA, USA 
http://www.greenroofs.com/projects/pview.php?id=255 

 

 

Appendix 8. Campus Roofs with At Least Partial Roof Ballast and over 15 

Years Old 

 
Draper-

Schiedshlag Hall 
Burnham Hall Lawson Arena 

The Fetzer 
Center 

The Gilmore 
Shaw Theater 

Complex 

Roof Size 
(ft2) 

41,886 41,886 71,881 27,450 37,947 

Ballasted 
Roof Size 

(ft2) 
35,850 35,850 18,871 26,135 23,036 

Roof Type 
EPDM Loose With 

ballast 
EPDM Loose with 

ballast 

Metal, EPDM Full, and 
I.R.M.A. Loose with 

ballast 

Loose 
with 

Ballast 

EPDM Full, and 
Loose with 

Ballast 

Age  (years) 28 28 
3,10,15,(Ballasted 

Roof 25) 
17 

16, (Ballasted 
Roof 17) 

Roof 
Condition 

Good-Poor Good-Fair Excellent -Poor Fair-Poor Fair-Poor 
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Appendix 9. Cost Data for Rainwater Retention Measuring Equipment 

Product  and Information Cost ($) Website 

WL700 Ultrasonic Water Level Sensor $664.00 ultrasonic water level sensor  

FC220-AC-D Open Channel Flow Monitor AC 
Power w/Datalogger (PN# BJ3000) 

$1,275.00 FC220 Open Channel Flow Monitor  

Palmer Bowlus Flume 4 in  $471.00 
http://www.globalw.com/products/palmer_fl

ume.html  

(1) 2500 gallon cistern $868.65 
2,500 Gal Fresh Water Poly Tank - LB 

102Dx81H New 22`` Manway (CA Only)  

(4) 550 Gallon Cisterns $319.30 
http://www.watertanks.com/products/0005-

010.asp  

R M Young Company 52203 Tipping Bucket Rain 
Guage-Unheated 

$442.70 
http://www.ambientweather.com/rry52203.h

tml  

Total Cost per plot  (1 large cistern) $2,839.98 
 

Total Cost  (1 large cistern) $11,359.90 
 

Total Cost per plot  (4 smaller cisterns) $2,737.84 
 

Total Cost (4 smaller cisterns) $10,951.35 
 

Appendix 10. Data available for Full Cycle Cost Analysis 

Project 
Project 

Drawings 

Total 
Cost 
Data 

Itemized 
Cost 

Storm 
water 

Calculation 

Storm 
water 

Retention 
Capacity 

Flow 
Rate 

Rate of 
Infiltration 

Refill 
Rate 

New 
Campus 

Apartments 
X X X X X       

BTR Park X               

Chemistry 
Building 

X               

Lot 23 X X X X X       

RCVA and 
Kohrman 

X X X X X       

Sangren 
Hall 

X     X X       

Brown Hall               
 

 

http://www.globalw.com/products/wl700.html
http://www.globalw.com/products/fc220.html
http://www.globalw.com/products/palmer_flume.html
http://www.globalw.com/products/palmer_flume.html
http://www.watertanks.com/products/0005-037.asp
http://www.watertanks.com/products/0005-037.asp
http://www.watertanks.com/products/0005-010.asp
http://www.watertanks.com/products/0005-010.asp
http://www.ambientweather.com/rry52203.html
http://www.ambientweather.com/rry52203.html

