


Purpose:
Installation of green roofs on campus to inspire and educate Western  
students and faculty, along with community members about the 
envronmental and economic benefits of sustainable green construction. 
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Introduction
Western Washington University has been an environmental steward for decades, and has led the way for campus sustainability throughout 
the nation. The Miller Hall renovation has presented Western and Huxley College of the Environment with a unique opportunity to 
incorporate green technologies into existing buildingS, and serve as model for environmental impacts and education. The proposed 
LEED-Existing Building (EB) renovation is a large-scale remodel incorporating sustainable design concepts into the existing Miller Hall 
structure, set to be completed in fall of 2010. 

We propose the installation of a green roof – a roof in which vegetation is grown atop (see Research and Analysis) – over the existing 
bicycle racks in front of Miller Hall. Using local and regional suppliers. Utilizing the best technology, we plan to create a green roof 
which fosters important environmental management opportunities and unique educational benefits to the students and faculty of Western 
Washington University.

The following sections outline the methodology to our research, case studies in green roofs from around the nation, our research and 
analysis and project-specific findings and recommendations, and the future implications for green technologies, sustainable practices, and 
this project on Western Washington University.   
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Green Roofs: Educational and Environmental Benefits 
The bicycle rack green roof will provide economic, environmental, and educational benefits to WWU students and faculty body, and the 
Bellingham community as a whole. While size, climate, and building materials can affect which benefits are received by different green roof 
systems, the following will be a direct result of the Miller Hall Bicycle Rack compiled from a complete list at GreenRoofs.com

Economic:
	 Protection of roof membrane resulting in a longer material lifespan. Green roofs last an estimated twice as long as conventional 		
	 construction.
	 Potential for grants related to energy efficiency, and to satisfy regulatory requirements such as LEED, Living Building 				  
	 Challenge and other ratings systems.

Environmental:
	 Storm water retention: water is slowed and stored by the soil substrate and then taken up by the plants from where it is returned 
	 to the atmosphere through transpiration and evaporation. Rates of evaporation vary according to Season, plant Media, and soil depth. 

	 Through the process of photosynthesis, plants convert carbon dioxide, water and sunlight/energy into oxygen and glucose reducing  	
	 the amount of C02 in the atmosphere from anthropogenic rises in green house gas emissions. Green roofs can Remove airborne 		
	 particulates, at a rate of 2 lbs. per one square meter of roof per year.  and the Urban Heat Island effect.

	 A green roof will not only absorb heat, decreasing the tendency towards thermal air movement, reducing the Urban heat Island 		
	 Effect; but will also filter the air moving across it. 
	  
	 Green roofs provide habitat increasing biodiversity and encouraging wildlife refuge for various bugs, birds, and insects within the 		
	 urban environment. 
 
	 Signage will educate students on major design principles, illustrating environmental and ecological benefits, and Increase student 		
	 moral and productivity through campus beautification. 
	 Roof will draw awareness to faculty and staff and serve as a catalyst for support for future green roof projects. 2



Educational and Experimential: 
	 Signage will educate students on major design principles, illustrating environmental and ecological benefits. 
	 Increase in student moral and productivity through beautification. 
	 Roof will draw awareness to faculty and staff and serve as a catalyst for support for future green roof projects. 
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Methodology

Research and Sources
Our research has been through a mix of uses, including internet sources, books, and articles. The book “Planting Green Roofs and Living 
Walls” by Nigel Dunnet and Noel Kingsbury, has been Critical to our background research and has provided us the practical techniques 
used to design, implement, and maintain a green roof. We also utilized The Association of Sustainability in Higher Education (ASSHE) webiste 
and GreenRoofs.com to develop our case studies and understand the latest trends in green roof technologies. Additionally, GreenRoofs.
com has an accessible database to locate local and national Greenroof suppliers. Through this list, we have pulled up the personal sites 
of the architects and companies that have installed many of the green roofs in Bellingham. 

Contacts & Meetings
Part of the development process has been to garner Western faculty and staff support during the early stages of development. We 
believe that a multi-disciplinary and collaborative process can present a chance for students, classes, clubs and administration to take 
part and feel a sense of ownership over the proposed green roofs. We contacted two of the campus architects, David Willet and King 
Choi, both of whom expressed a strong interest in the green roofs. David Willett was able to provide us with details on the Miller Hall 
green roof project, and outline the political processes that took place for the court yard green roof to get approved (currently under 
construction). King Choi mentioned to us the importance of water proofing as a priority.

We also made contact with Wendy Walker, through the Environmental Education Department. As part of our efforts to educate students 
on the benefits of green roofs, we proposed to have a student-run design project for an educational sign through the Environmental 
Education department. Lastly, we made contact with Carol Berry, the Sustainable Transportation Program Manager, and she wanted to learn 
more about the project benefits, design logistics and background in regards to our site choice. 

Dale Krause of Facilities Management led us to a local Green Roof distributor in Mt Vernon called Etera, a division of Northwest 
Horticulture. Located only 25 MIles south of Bellingham, Etera has several plant media options such as plugs, cuttings and sedum trays 
for a variety of growing conditions for Greenroof projects at any scale. While Etera only offers plant media they contract with other 
local suppliers for the additional layers of the green roof. 4



Program Development

Collaboration and multi-disciplinary approaches are the foundation of our project development. We seek to include faculty and students 
in an effort to create an environment of inspiration, education, and increased awareness throughout the entire development process. We 
want to include our stakeholders early so we can address their interests and needs early and incorporate them accordingly, and work to 
develop the most cost-efficient, environmentally friendly roof.

Winter Quarter, our development goal was to engage all of our stakeholders in a meaningful way. This included, but was not limited to, 
interviews and meetings, email exchanges and group discussions arranged to identify what each stakeholder wants (see Contacts & Meetings 
above).  Second, we wanted to identify the key environmental benefits that the roof will offer – such as storm water management, run-off 
reduction and pollution reduction. At the end of Winter Quarter, we presented our knowledge on green roofs to inspire future students 
and faculty to move forward with campus sustainability projects, especially projects that will beautify campus and provide educational 
opportunities.

Our hope is that our proposal and findings will provide a foundation for the project to be carried on through future Campus Planning 
Studio projects with a mixture new interested parties and of our existing members and stakeholders. 
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University of Wisconsin-Milwaukee Great Lakes Water Institute

In 2003 the University of Wissconsin Great Lakes Water Institute installed a 6,480 sq ft Green GridTM module system extensive and 
intensive green roof. Intentions behind the project include presenting innovative and cost effective storm water Best Management 
Practices (BMP) to the Milwaukee Metropolitan area by providing a working mitigation model to manage storm water in urban areas. The 
purpose behind the ongoing research associated with the campus green roof is to demonstrate the reduction of storm-water runoff 
volume and pollutant loads leaving the site, collect data on the environmental and economic benefits helping establish grounds for the 
use of green roof technology, and provide educational opportunities for the public and students. Both intensive (8” depth) and extensive 
(4” depth) modules were used in the installation of the roof allowing for the greatest amount of species diversity. 
 

A path of Greengrid pavers (made from recycled tires) were 
assembled in order to give the appearance of a step garden. The 
careful selection and placement of plant species in the modules 
depending of their mature height, bloom-time, and color was 
also taken into consideration. Intensive modules cover over 
2500 sq ft. of the green roof which has the potential to 
absorb 75 gallons per minute of runoff. Ultimately the 
project can strengthen communication between civic officials 
and businesses involved in green building leading to a greater 
understanding of sustainable development. 
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Case Studies
Michigan State University

In 2000 a green roof research program at Michigan State University was launched in collaboration with Ford Motor Company in an attempt 
to advise Ford on installing a ten acre extensive green roof on an assembly plant in Dearborn, Michigan. The intent of the research pro-
gram at MSU is to evaluate plant species rate of establishment and, potential carbon sequestration, water and nutrient requirements, quan-
tity and quality of storm-water runoff, and energy consumption by evaluating 48 raised roof platforms measuring 4’ x 4’ and 8’x8’. 
In 2004 MSU acquired financial support to install a 3500 sq ft extensive green roof on the Plant and Soil Sciences Building. The roof 
serves as an excellent demonstration project as the public can view the ten species of sedum that adapt to changing growing seasons and 
display vibrant colors of reds white and yellow from a second story viewing room. 

The green roof also serves as a learning tool for graduate and undergraduate students on installations, monitoring and maintenance. On 
campus there are scientific instruments measuring differences in gravel surfaces vs. vegetated, current rainfall and weather conditions, 
heat transfer in and out of the building, soil moisture and temperature, and water runoff. Fortunately the green roof weighs half the 
weight of the pre-existing gravel ballast, weighing approximately 10 lbs per sq foot so there was no need to retrofit the existing struc-
ture. After the removal of the gravel ballast the base layers consisting of root barrier membrane, drainage layer, filter fabric, and 
water retention fleece were installed, followed by pre-vegetated mats grown off site, which were unrolled over the base layers in five 
hours with the help of volunteer professors and students. The vegetated mats were donated by a company called Xeroflor Amercica LLC, a 
company that began in Europe and in 2002 opened a branch here in the US. 
 
The ongoing research and data collection conducted by students on the campus green roofs serves as a campus planning tool for storm-
water mitigation, energy conservation, and feasibility of future installations on existing and new campus structures. Research results are 
available on the Michigan State University website. In 2005 a 14 month study at MSU in which 15 platforms of three roof types were test-
ed for water retention: an extensive green roof with vegetation, an extensive green roof with substrate only, and a conventional commer-
cial roof with a 2 cm (0.8 in) deep gravel ballast. The results quantified the differences in water retention among roof vegetation types 
and among combinations of green roof slopes and substrate depths. Results included that vegetated roof treatments retained 60.6% of 
rainfall compared to 50.4% and 27.2% for the media-only and conventional gravel ballast roofs, respectively. vegetated green roof sys-
tems  reduced the amount of stormwater runoff over a period of time beyond the actual rain event (VanWoert et al.,2005). 7



Michigan State University

48 raised roof platforms  
  4’ x 4’ and 8’x8’
3500 sf green roof
	 Used Xeroflor
Graduate and Undergraduate education 	
	 Ongoing Research
	 Installation
	 Monitoring
	 Maintenance

 

Greenroof Research Program
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Grand Rapids Community College 

In August of 2008 Grand Rapids Community College in Michigan installed a two level 17450 sq ft extensive 4” green roof. In spring 
2007 Grand Rapids Community College (GRCC) applied for a grant from the Steelcase Foundation for funding their proposed green roof 
and vegetated plaza, attaining the grant by fall 2007. The green roof technology selected for the project was Liveroof, composed of 
pre-vegetated modules. The 25,000 square foot green roof can be viewed from a raised viewing platform, and also includes an herb 
garden which is accessible to the culinary program Heritage Restaurant on campus. The viewing deck is available to the public and students 
of all ages to encourage learning about the plants, green roof benefits and the concept of sustainability.  
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Research and Analysis

Green roofs have functioned as effective roof systems for hundreds of years, and stem from traditional Norwegian and Scandinavian 
designs. Evolving with new material technologies, green roofs have been applied to various types of construction ranging from individual 
homes, apartments, schools and even large scale manufacturing facilities. Green roofs, along with the green building industry, have 
encountered new enthusiasm, development, and implementation over the last twenty years. Such enthusiasm has created a large industry for 
new technologies in creating and applying green roofs. This new and evolving industry offers a wide variety of systems and styles and for 
green roofs that could be implemented on Western’s campus. 

There are two main types of green roofs: extensive and intensive. Extensive roofs are the most commonly used, and usually involve a 
shallow tray system which hold plant media and facilitate drainage. The trays sit on top of a water proof membrane which functions as the 
active barrier to moisture. Extensive green roofs are typically the cheapest, most easily implemented and require the lowest maintenance 
versus other systems. The variety of plants grown with extensive systems is limited to shallow rooting plants such as sedums and usually 
maintain a low profile.  Intensive roofs typically require at least 8-12” of soil and include a wide variety of plant types. Intensive roofs 
are most often incorporated into the structure of the roof or as the roof, rather than on it.   

Extensive Green Roof									         Intensive Green Roof 10
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Whatcom Museum Green Roof

Green Roof Projects can vary in size, Currently smaller projects are becoming more apparent such as this bus stop in the uk (Below).
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Sedum Mat 2”

Water Retention 
Fleece 1/2”

Drainage Layer 1/2”

Xero flor is the green roof distributer that 
is being used for the current Miller Hall 
renovation Project. The nearest location is 
in North Oregon where the sedum is grown in 
the field and then transported and installed 
like sod. 

Etera located in Mt vernon and is another 
potential distributor for the proposed green 
roof project. Several mixes of sedum for 
a variety of coniditions are grown in the 
field and trays.  David Gilmore, Etera Green 
Roof specialist, expressed great interest in 
overseeing student and faculty volunteers on 
the installation of the plant media to reduce 
installation costs. 



EXISTING BIKE RACKS & COST
CURRENT COVERED STANDARD
	 TOTAL COST 		  $20,000
	 BIKE CAPACITY 	 10
	 COST PER BIKE 	 $2,000

PREVIOUS UNCOVERED STANDARD
	 TOTAL COST 		  $750
	 BIKE CAPACITY 	 4
	 COST PER BIKE	 $188
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PURPOSED BIKE ROOF COST
MILLER AND COMMUNICATIONS LABOR AND MATERIALS	 $100,000
	 FOOTINGS, POSTS, BEAMS,	
	 CONCRETE, AND ALL OTHER MATERIALS
WATERPROOF MEMBRANE						      $75,000
ETERA GREEN ROOF MATERIALS 
  $8.00 SF (W/ VOLUNTEER STUDENT LABOR)			   $21,600
  $11.00 SF (INSTALLED BY ETERA)
TOTAL PROJECT COST ESTIMATE					     $196,600

BUS STOP GREEN ROOF INSTALLATION				    $11,800

MILLER HALL DESIGN  			   1200 SQF
	 TOTAL COST 							       $92,400
	 CURRENT BIKE CAPACITY  	 56
	 COST PER BIKE 							       $1650
	 POTENTIAL BIKE CAPACITY	 80
	 COST POTENIAL PER BIKE					     $1155
COMMUNICATIONS DESIGN		  900 SQF
	 TOTAL COST 							       $92,400
	 CURRENT BIKE CAPACITY 	 48
	 COST PER BIKE							       $1925
	 POTENTIAL BIKE CAPACITY	 64
	 COST POTENTIAL PER BIKE					     $1440
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MILLER HALL DESIGN

EAST ELEVATION NORTH ELEVATION

SOUTH ELEVATION
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COMMUNICATIONS DESIGN

EAST ELEVATION
NORTH ELEVATION

SOUTH ELEVATION
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Future Works
Sustainable beautification projects on campus will become more important as the university continues to work towards a more 
sustainable campus.  This includes installation of more green roofs and living walls around campus. Living walls are another form of 
beautification that can improve air quality and ventilation as well as solar insulation. Some of these potential installations could be a 
green roof on top of the bus stop on high street next to the library, the bike racks between Carver Gym and the SMATE building, as 
well as the Wade King Recreation Center.  These three locations represent examples of existing structures on campus that can easily 
be adapted to support a green roof.  The Wade King Recreation Center building was initially designed and built to support a green roof 
thus installation would take minimal adaptation.

Green walls are another form of sustainable beautification that provide many of the same benefits as green roofs do.  Green walls are 
able to insulate buildings, provide shade to windows and sidewalks, sequester rain run-off, as well as improve the visual quality to the 
campus.  As with green roofs the installation can be adapted to renovations, installations, and new build projects.  Most green walls 
are designed in modular form for the purpose of simple and reliable connection to the wall.  Other more intensive projects can have 
substrates attached directly to the wall creating a Living Wall.  Green walls are an effective current strategy to improving the campus 
beauty and the Universities Stature as an environmental steward.
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Green Wall
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Conclusion

A green roof over the Miller Hall bicycle racks provides a cost-effective education and environmental tool for Western Washington 
University. It will serve as an educational beacon with a south-facing garden that will inspire students and staff crossing Red Square, 
and become the pilot project for future campus-wide beautification projects. The development process will serve as a model for future 
Campus Planning Studio students and students across the university, to better inter-agency and faculty collaboration. The roof will serve 
several key environmental purposes, including waste water and run-off management, air filtration, and water sequestration. These benefits 
will be broadcasted to the campus via educational signage, while enlightening students and increasing awareness of the benefits of green 
roofs. 

Over the long term, our green roof will be the first of many green beautification projects on the Western Washington campus, and 
advance our campus’s reputation as a premier environmental steward. The relationships and collaborative networks we establish with this 
project will be the springboard from which other programs can branch from, and be used as a foundation.
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