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Introduction 

 As of recent, Williams College has begun establishing very high goals in terms of its 

commitment to environmentally sustainable practices.  As Williams aims to be at the forefront of 

sustainable college campuses in America, adopting innovative and efficient green strategies should be 

at the top of its priorities.  In 2007, Williams College adopted a goal to reduce greenhouse gas 

emissions by 10% below the College’s 1990-1991 levels by 2020.1  Since setting this goal, the 

Williams College campus has seen an influx of architectural projects that are designed to achieve some 

level of LEED (Leadership in Environmental and Energy Design) certification.  Already, the college 

has two existing LEED Gold buildings, Schapiro Hall and Hollander Hall.  One of the major green 

design features of both buildings are the extensive green roofs that partially cover each building.  In 

light of the college's recent sustainable architecture initiatives, this report explores the possibility of 

installing green roofs, possibly even green walls, onto more buildings on campus.   

 Modern green roofs, which are made of a 

system of manufactured layers deliberately 

placed over roofs to support growing medium and 

vegetation, are a relatively new phenomenon.  In 

ancient times, green roofs consisted of sod roofs 

covered with earth and plants commonly used for 

agriculture, dwelling, and ceremonial purposes. 

These early shelters provided good insulation 

during the winter months and a cool location in 

the summer.  The modern trend started when green roofs were developed and marketed on a large in 

Germany in the 1960s, and has since spread to many countries.  Today, it is estimated that about 10% 

of all German roofs have been “greened”.2  Green roofs are also becoming increasingly popular in the 

United States, although they are not as common as in Europe.  A huge step in green roof technology 

was the development of extensive green roofs that occurred in the late eighties. The goal was to create 

lighter and cheaper systems which could be applied to large flat roofs. The main motivation for 

extensive green roofs was the restoration of nature and protection of the roof membranes from the 

elements and temperature fluctuations.  Since then, as extensive green roofs became subjects of 

scientific research, additional benefits began to gain importance.  Green roofs have become 

increasingly popular because of their ecological benefits such as reduced energy consumption for 

                                                
1 Schapiro, Morton. Letters from the President and Trustees. Presented 24 January 2007. 
2    "Penn State Green Roof Research: About Green Roofs". Retrieved 10 June 2008. 
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heating and cooling, storm water retention, and mitigation of the urban heat island effect.  In the United 

States, urban cities, such as Chicago, New York, and Portland, are eagerly taking advantage of green 

roof design because of these environmental benefits, and its popularity continues to spread across the 

country.   

 

Extensive or Intensive? 

 In determining what type of green roof to utilize at the college, there are two main systems to 

choose from: extensive roofs and intensive roofs.  An extensive system is the simpler, lighter weight 

option that is employed mainly for its ecological benefits. Plant selections typically include sedums - 

succulent, hardy plants - and other herbs and grasses generally suitable for an alpine environment.3  

They require a minimum amount of structural support and are most suitable for flat or slightly sloped 

roofs.  An intensive green roof, however, is like a conventional garden or park that provides not only 

the ecological benefits, but also has an added recreational function. Because they can support 

perrenials, shrubs, and trees, these roofs typically require larger amounts of structural support and 

maintenance than an extensive green 

roof.  With this in mind, I have 

concluded that an extensive roof system 

would be the better choice to install on 

campus.   

 Extensive roofs normally reach 

no more than six inches in depth.  For 

this reason, they would be an ideal 

installation for many of the buildings of 

campus. The system is composed of a 

number of layers that act as either 

thermal insulators and/or hydrologic 

filters (see Figure 2).  Extensive systems are also easier to install because they add a lighter load on 

only 13-30 pounds per square foot onto a roof.4 Because of their smaller magnitude, extensive green 

roofs could be easily retrofitted onto existing buildings, such as Bronfman Science Center, without 

causing too many issues. 

 
                                                
3 "Reducing Urban Heat Islands: Compendium of Strategies." Environmental Protection Agency. EPA, n.d. Web. 
4    "Green Roof Types." International Green Roof Association. IGRA, n.d. Web 

Figure 2: Layers of a green roof 



 

Why a green roof? 

 There are a multitude of reasons as to why green roofs would benefit the Williams College 

campus and its environmental initiatives.  Of all the areas on a building, the roof accumulates the most 

amount of solar radiation on a sunny day.  Most of the energy transfer that occurs in a building happens 

by way of the roof.  So, on a hot day, for example, an unprotected roof will absorb large amounts of 

solar heat, forcing us to keep the air conditioner on high for longer periods of time.  This phenomena is 

the same during the winter when heat is lost through the roof, requiring larger amounts of energy to 

heat a space.  However, by installing a green roof, one can drastically reduce overall the amount of 

energy used in either heating or cooling a building.   

 Because of their composition and design functions, green roofs 

have the ability to both absorb incoming energy and trap outgoing 

energy.  On a hot day, the combination of plant shade and 

evapotranspiration (the cooling of air by using surrounding heat to 

evaporate water) helps reduce the amount of heat absorbed by a roof.  

During the winter, green roofs dry out and and shift functional gears.  

The system's layers act as an insulator, decreasing the flow of heat 

through the roof, thereby reducing the heating energy needed to 

increase building interior temperatures.  Because Williams College is located in an region that 

experiences cold temperatures that could last for over seven months (October – April), having a green 

roof would be a huge benefit to decreasing the amount of energy 

that goes into heating a building.   

  It is important to note, however, that a green roof 

should not replace the role of conventional thermal insulators.  A 

green roof should act as an aid in reducing energy usage, but it 

cannot insulate an entire building on its own.  The Department of 

Energy performed a study of two buildings in Chicago, one with a 

conventional roof and the other with a green roof, that shows the 

extent of a green roof's insulating benefits. On a hot August day, 

with temperatures in the nineties, the green roof surface 

temperature ranged from 91 to 119°F, while the dark, conventional 
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roof of the adjacent building was 169°F.5  Green roofs, therefore, have the ability to significantly cut 

down energy usage, thus reducing the amount of monetary costs and greenhouse gas emissions that are 

generated during energy production. 

 Apart from their energy savings benefits, green roofs can help remove air pollutants and 

greenhouse gas emissions through dry deposition and carbon sequestration and storage.  The pollutants 

that can be removed by a green roof include nitrogen oxides, sulfur dioxide, carbon monoxide, and 

ground-level ozone.  If the college is committed to reducing their greenhouse emissions, green roofs 

can play an important role in that endeavor.  Researchers estimate that a 1,000-square foot green roof 

can remove about 40 pounds of particulate matter (equivalent to the emissions of 15 passenger cars in a 

year of typical driving6), while also producing oxygen and removing carbon dioxide from the 

atmosphere. 

 The college is also located in an area that receives ample rain and snowfall on a yearly basis and 

is subject to stormwater runoff throughout the year.  Green roofs can absorb water that would otherwise 

become runoff that is harmful both to humans and the natural environment.  Studies show that an 

extensive system is able to absorb anywhere from 50 to nearly 100 percent of incoming precipitation, 

depending on the composition of the system.7  When the water is soaked into the green roof, it travels 

through a system of layers and membranes that filter and decontaminate the water of most pollutants 

and chemicals that are harmful to human health.  This added benefit falls in line with the college's 

water conservation goals to reuse rainwater for non-potable water functions, such as toilet flushing and 

irrigation8 

 Along with these major benefits, green roofs are aesthetically pleasing to the eye and can also 

reduce noise pollution from outside, extend roof lifetime by up to 40 years.  All these benefits 

combined would significantly improve the quality of life here at Williams College.  With the 

installation of more green roofs on campus, Williams can put itself at the forefront of college 

sustainability. 

 

 

 

 
                                                
5 Department of Energy 2004. Federal Technology Alert: Green Roofs. DOE/EE-0298, Washington, D.C. 
6 Peck, S. and M. Kuhn. 2003. Design Guidelines for Green Roofs. Canada Mortgage and Housing Corporation, Ottawa, 

and the Ontario Association of Architects, Toronto. 
7 VanWoert, N.D., D.B. Rowe, J.A. Andresen, C.L. Rugh, R.T. Fernandez, and L. Xiao. 2005. Green Roof Stormwater 

Retention: Effects of Roof Surface, Slope, and Media Depth. Journal of Environmental Quality 34:1036-1044. 
8 Water Conservation. http://sustainability.williams.edu/green-building-basics/water-conservation 



 

 

Expenses 

 The costs of green roofs vary depending on the components, such as the growing  

medium, type of roofing membrane, drainage system, and the type and quantity of plants.  A typical 

extensive green roof with root repellant/waterproof membranes may be installed for $10-$24 US per 

square foot.9  Maintenance costs for a green roof range from $0.75 to $1.50 per square foot.  With 

these prices in mind, green roofs may seem like a costly investment.  And while the short-run costs are 

more expensive than a conventional roof, there are many long-term cost benefits that can help cut 

expenses in the future.  In the Berkshire area, roof membranes deteriorate because they are exposed to 

hot and cold temperatures as well as UV radiation from sunlight. While a conventional roof must 

undergo significant maintenance or replacement every 15 years, a green roof protects the roof from 

these aging factors and extends the lifetime by 50 years.  Furthermore, the energy savings that 

accompany a green roof account for a large portion of cost savings.  A University of Michigan study 

compared the expected costs of conventional roofs with the cost of a 21,000-square-foot green roof and 

all its benefits.  The green roof would cost $464,000 to install versus $335,000 for a conventional roof.  

However, over its lifetime, the green roof would save about $200,000. Nearly two-thirds of these 

savings would come from reduced energy needs for the building with the green roof.10  This study 

clearly shows that investing in a green roof proves that the ends do justify the means. 

 

Green Roofs of Williams College 

 At Williams College, we have two 

extensive green roofs on campus, one on 

Schapiro Hall and the other on Hollander 

Hall.  Installed in 2008, these roofs 

contributed to the LEED Gold certification 

that the two buildings received upon 

completion.  The main goals of these green 

roofs is to manage stormwater runoff, reflect 

sunlight, and better regulate heat exchange.  

                                                
9    "Green Roof F.A.Q." Green Roofs for Healthy Cities. Green Roofs for Healthy Cities, n.d. Web 
10 Clark, C., P. Adriaens, and F.B. Talbot. 2007. Green Roof Valuation: A Probabilistic Analysis of Environmental 

Benefits. 

  Figure 5:  Green roofs on Hollander Hall 



Glass curtain walls are featured prominently in both of these buildings, which could potentially result 

in a large amount of energy loss.  The green roofs, however, are strategically planted above these glass 

walls so that they may somewhat offset the amount of energy lost through the glass.  Since the roof is 

part copper and part grass, and the buildings themselves are already so energy efficient, tracking the 

energy savings attributable to the roof is a very difficult task.  Furthermore, no data exists for either 

building of their energy or heat usage in 2008 when the green roofs were installed, which prevented me 

from making any comparisons of energy  usage changes pre and post green roof installation.  When I 

questioned David Fitzgerald, the Horticulturist and Grounds Supervisor of the college, he mentioned 

that his only problem with the green roofs was that maintenance was a common occurrence. 

 Another target on campus for a new green 

roof could be Bronfman Science Center.  Its current 

roof is made up of concrete and is thick enough to 

provide enough structural support for an extensive 

green roof.  The building is also seen as an eye-sore 

compared to the other buildings located in Science 

Quad, so implementing a green roof would increase 

its overall aesthetics.  In the Figure 6, I have 

delineated the boundaries of the Bronfman Science 

Center, totaling an area of 16,900 square feet.  If the 

college were to install an extensive green roof at the 

lowest price per square foot ($10 per square-foot), 

the total price would average around $169,000, plus 

maintenance costs.  Using the building data visualization application on the Zilkha Center website, I 

was able to estimate that entire steam usage in MMBtus for 2012 in Bronfman Science Center was 

around 607 MMBtus.  To heat and cool its buildings, Williams College uses natural gas as one of its 

primary energy sources.  According to the U.S. Energy Information Association, natural gas prices 

average around $3.86 per MMBtu.11  The total price to regulate the temperature for Bronfman in 2012, 

therefore, estimated around $2343.  With the installation of a green roof, however, energy usage over a 

year can be cut down by over 50 percent and the college would be able to save half of its original 

energy costs.  Considering the fewer number roof replacements needed and potential hydrologic 

benefits of green roof, the college would not suffer any major economic losses.  Furthermore, the 

                                                
11 "Natural Gas Weekly Update." U.S Energy Information Association. U.S Energy Information Association, 09 May 2013. Web. 



environmental benefits that result from having a green roof would contribute to the college's overall 

goal in becoming a more sustainable campus.   

 

A Look at Other Colleges 

 Both Swarthmore and Middlebury have 

multiple extensive green roofs on their campuses.  

Thus far, Swarthmore has three green roofs that 

together compose nearly 14,300 square feet. Even 

with the college already boasting more green 

roofs than many other campuses, Swarthmore has 

plans to add additional green roofs in the future as 

it aims to lower energy, water, and resource usage 

on campus.12  Middlebury' Atwater Dining Hall 

features an extensive green roof that spans 21,400 

square feet.  The green roof of the dining hall, combined with the rest of the Antwater residential halls, 

is supposed to contribute to an anticipated 300,000 kwh annual electric savings, 4100 mmBtus of 

annual fossil fuel savings, and 245 ccf of annual water savings.13  These two institutions have made 

great strides as collegiate environmental role models.  If Williams College could implement a green 

roof plan as large-scale as Middlebury's or Swarthmore's, the college could see vast improvements on 

their energy and water saving initiatives, as well as reducing its carbon emissions. 

 

Green Walls 

 Green walls exhibit the exact same 

benefits as green roofs, but they can have much 

more of a visual presence on campus.  There 

are two types of green walls: living walls (free-

standing, vegetated walls) and green facades 

(vegetation installed onto existing walls).  

Green walls can reduce the temperature 

fluctuations at a wall's surface from a range of 

                                                
12 “20 colleges leading the way on green roofs.” Mother Nature Network. Mother Nature Network, 20 Aug 2012. Web. 
13  "Atwater Brochure." Middlebury College. Middlebury College. Web 
Green wall at Citi Data Center in Frankfurt 

Atwater Dining at Middlebury College 



50-140ºF to one of 41-86ºF, in turn limiting the movement of heat between building walls.  They also 

improve the air quality of both indoor and outdoor environments, thus enhancing the overall quality of 

health and well-being.  Although they tend to be pricier than green roofs ($100-250 per square foot), it 

is interesting to imagine what Williams College would look like vegetation growing on its walls.  

Mission Park and the empty outdoor walls of Greylock Quad would be prime estate for installing green 

walls.  Not only are they residential buildings in which students consume massive amounts of energy, 

but they are also very drab and uninteresting in appearance.  Installing green facades onto these 

buildings would help drastically reduce the amount of energy lost through the walls, as well as improve 

the overall appearance of our school. 

 

Conclusion 

 Green roofs and walls are an incredibly innovative and attractive concept that is taking the 

world of sustainability by storm.  They are, at the same time, ecologically friendly and aesthetically 

pleasing.  They have the potential to significantly cut down energy costs and reduce greenhouse gas 

emissions, things everyone has in mind when considering contemporary building design.  The college 

should consider installing more green roofs onto the campus, especially in buildings that experience a 

large amount occupancy.  Bronfman Science Center is a perfect example, and the calculated costs 

would not have a sever impact on the college's sustainability budget.  Considering the college's recent 

approval of Kellogg House becoming a “Living Building, one of Williams College's main goals is 

putting its name on the sustainability map.  With this in mind, the installation of more green roofs on 

campus would strongly benefit the college. 
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