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Williams College: Cooler Than You 

I. Introduction 

 As stated by Congressman Christopher Shays, “If we continue with our wasteful 

ways, we will simply no longer have a world to live in.”1 Because of our wasteful ways, 

we are already seeing a crisis in the environment; climate change is a challenge that must 

be confronted in the next few years. Global warming is a proven trend along with new 

anomalies in temperature and weather patterns, including increased levels of 

precipitation.2 On a local level, these global changes will be important to consider when 

looking to reduce our energy consumption and carbon emissions. In particular, as 

Williams College looks to explore new sustainable initiatives, climate change should be 

an important consideration when looking into renewable resources and carbon neutrality. 

Specifically, as the square footage of our campus increases and the campus becomes 

more active during the summer, the cooling demands are going to increase. Right now, 

many campus buildings are on a chiller system, and most of the new and proposed 

construction projects will add to the chiller’s load. This not only increases the college’s 

energy demand, but it also puts added pressure on a system that will not help the campus 

reach carbon neutrality. It is clear that more sustainable energy sources must be examined 

closely; however, changes in temperature, precipitation, and humidity may render some 

renewable energies uneconomical and inefficient. This study aims to predict changes in 

                                                 
1 As heard repeatedly while working in his office as an intern, January 2008 
2 http://www.ipcc.ch/pdf/climate-changes-2001/synthesis-spm/synthesis-spm-en.pdf 
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weather and temperature, how we can reduce our use of the chiller system in the short 

term, and over a longer period which renewable energy sources will make the best 

substitutes for the chiller system.  

 

II. Climate change 

 Climate change is a proven and well-documented trend.3 Studies thus far predict 

further changes in temperature and precipitation4. All of these factors are especially 

important in examining and evaluating Williams’ use of the cooling system.  

Temperature is probably the most significant factor in determining the campus’s 

energy use during the summer. According to the EPA, “The average surface temperature 

of the Earth is likely to increase by 2 to 11.5°F by the end of the 21st century, relative to 

1980-1990, with a best estimate of 3.2 to 7.2°F. 

The average rate of warming over each 

inhabited continent is very likely to be at least 

twice as large as that experienced during the 

20th century.”5Warming will not be constant 

over the entire planet, but if global warming 

continues at the current rate it is predicted that 

latitudes to the north will probably see more 

significant warming trends than southern 

latitudes, as shown in Figure 1.  Figure 1 Temperature is predicted to rise at twice the 
previous rate in the next century according to IPCC reports.
(http://www.epa.gov/climatechange/science/futuretc.html)  

                                                 
3 http://www.ipcc.ch/graphics/speeches/rajendra-pachauri-september-2007.pdf 
4 http://www.epa.gov/climatechange/science/futuretc.html 
4 http://www.epa.gov/climatechange/science/futuretc.html 
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Similarly, it is more likely that the daily minimum temperatures will increase 

disproportionately to daily maximum temperatures, creating warmer climates with less 

differentiation between the seasons.6 As Williamstown is in the Northern Hemisphere at 

approximately 42 degrees N 73 degrees W, it could be moderately or greatly affected by 

these forecasted changes in temperature.  

Precipitation is also a key attribute to climate change that will affect the different 

renewable energy options explored by Williams College. The National Oceanic and 

Atmospheric Administration (NOAA) found in a recent study that in general, wet areas 

will get wetter and dry areas will get 

drier. A number of studies have 

predicted that Massachusetts will see 

an increase in precipitation over the 

next century7. Figure 2 shows an 

increase of about 15-20% in 

precipitation from 1905-2005 in the 

New England area. However, there is 

some disagreement concerning the 

future precipitation predictions for the 

Williamstown area; one study cites the 

latitude of 40 degrees (Williamstown 

is at about 47 degrees) as 

“subtropical,” becoming drier because it is so far from the equator8. Increased 

Figure 2 NOAA proves a 15-20% increase in precipitation over the 
past century. 
(http://www.epa.gov/climatechange/science/recentpsc_precipanom.ht
ml) 

                                                 
6 http://www.epa.gov/climatechange/science/futuretc.html 
7 http://yosemite.epa.gov/oar/GlobalWarming.nsf/UniqueKeyLookup/SHSU5BUSRR/$File/ma_impct.pdf 
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precipitation has a significant impact on our options for renewable energy, the 

implications of which will be discussed in Section IV.   

III. Cooling the campus 

While a variety of cooling systems are used in individual buildings around 

campus, the central chiller system provides cooling for the major centers of activity on 

the north side of campus. The chiller services Chapin, Stetson, Greylock Dining Hall, 

Griffin, Sawyer, Adams Memorial Theater, Hopkins Hall, the ’62 Center, and Paresky9. 

As of 2007, 385,433 ft2 are cooled by the central chiller system, up from 120,000 ft2 in 

2005. The cooling plant uses a chilled water system, in which “the entire air conditioner 

is on the roof or outside of the building. Water is chilled using standard compression coil 

technology and then is piped to and throughout the building and connected to air handlers 

as necessary”10.  

A good measurement of the cooling requirements is a cooling degree day, a 

standard that reflects the proportion to the temperature a building needs to be cooled. 

Using the 65°F as the standard, the cooling degree day is determined by how the 

difference between the average temperature of the day and 65. For example, if the 

forecast lists the minimum daily temperature as 70 degrees and the maximum daily 

temperature as 80, the average daily temperature would be 75 and it would be a 10 

                                                                                                                                                 
8 http://www.gfdl.noaa.gov/research/climate/highlights/PDF/GFDLhighlight_Vol1N5.pdf 
9 http://www.williams.edu/resources/sustainability/building_systems/building_info.php? 
10http://www.williams.edu/resources/sustainability/building_systems/building_info.php? 
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cooling degree day.11 Using this estimate it is possible to predict the cooling demand for 

the season and accurately supply air conditioning based on cooling degree day trends.  

 The chiller itself is only about four years old, and Don Clark says they last for 

about thirty years. The chiller is set up with two pumps that send chiller water through 

the system to cool individual buildings based on set points. Often, when energy demand 

is low, they are able to rely on one of these pumps, a more efficient way to use electricity. 

The set points are established based on the entire campus’s electricity use. Once the 

campus’s energy demand reaches a certain kilowatt/hour, the set points will increase so 

that there is less chilled water going through the system. There are three different set 

points at which the chiller system will adjust its flow, though Don has already increased 

the first set point from 75° to 76° to account for higher energy use over the summer and 

predicted hotter temperatures. He notes that the chiller began its seasonal use in April, 

and usually Facilities waits until May to turn on the system. As you can see from this 

graph showing July 9, 2007, electricity use is not a constant, and decreases significantly 

during the early morning: 

                                                 
11 http://en.wikipedia.org/wiki/Heating_degree_day 
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Figure 3 A day in July: cooling is used inconsistently depending on the hour, with the highest 
demand midday-evening and the lowest in the early morning. 
(http://williams.edu/resources/sustainability/electricity_all_campus.php?trend=24hr&month=7&d
ay=10&year=2007&hour=0&type%5B%5D=chiller&trend_submitted=true) 

 

In 2007, the chiller plant used 5219.4 kilowatt hours per cooling degree day. This 

averages to about 0.01354 kilowatt hours per cooling degree day per square foot. 

However, many of the new building projects will swell the chiller plant’s cooling load. 

According to projections by Amy Johns, the proposed building projects will increase the 

square footage covered by the cooling plant by the following (Table 1):  
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To be added by 2012: 
58,000 ft2  North Academic Building 
39,000 ft2 South Academic Building 
60,000 ft2 Stetson  

110,000 ft2 Stetson Addition 
22,300 ft2 Chapin Hall 

-97,250 ft2 Sawyer removed 
192,050 ft2 Total added 

So total air conditioned space (estimate) by 2012: 
1,192,485 ft2    

Table 1 Square footage projected by construction efforts in the next 12 years; total space to be cooled 
by the chiller (estimate by Amy Johns) 
There are currently 1,000,435 ft2 air conditioned on campus; adding approximately 

200,000 ft2 will have significant impact on our electricity demand. According to Don 

Clark, the chiller plant is turned on by two standards: season and outside air temperature. 

The chiller is turned on usually from May 1st to the end of September, and runs daily 

between 6AM and 11PM. While, the other standard (outside air temperature) may change 

the usage of the chiller plant; if the outside temperature is not over 64° the chiller is 

turned off. This standard may change with the upcoming Stetson-Sawyer project because 

this new building may require the chiller to run 24 hours every day.   

In 2007 the chiller produced 183.29 metric tons of CO2 emissions. It ran from June 

15th to September 28th and produced 449,580 KWH with a cost of $61,952.1212. Though 

the increase in set points will help conserves some electricity, the Stetson-Sawyer project 

will continue to place a large demand on the chiller system. Therefore, new ways to cool 

buildings need to be explored. 

IV. Renewable energy—a viable option? 

 By making changes and adjustments to our building projects and by retrofitting 

previously existing buildings, it is becoming increasingly important that the college begin 
                                                 
12 Figures from Don Clark, Williams College Facilities. 
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to reduce its reliance on less these high energy, inefficient options for cooling the 

campus. However, to decrease the college’s carbon footprint further it is necessary to 

explore renewable and sustainable energy reducing options that will continue to be 

effective in the future. Because of the impending climate change, the long term benefits 

of many of these technologies must be reconsidered. The main renewable energy source 

recently added by the college is solar PV panels; these arrays have a long payback period 

and are not necessarily the best option for the future. Instead, passive solar energy 

measures should be undertaken to retrofit buildings and outfit new and proposed 

construction efforts for the future.  

PV panels have already been placed and are working steadily on top of Morley 

Science Center. There are 24 panels capable of producing 7.2 kilowatts of energy yet are 

only about 10% efficient.13 Figure 4 shows the megawatt hours produced by the solar 

panels from 2005-2007:  
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Figure 4 Solar panels are becoming less productive over time. They may be a bad 
investment when considering climate change and the cooling demands resulting on 
Williams’ campus. (Information compiled by Amy Johns and David Dethier) 

 

                                                 
13 http://www.williams.edu/resources/sustainability/solar.php 
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As indicated by Figure 4, the energy production of the solar PV array has been decreasing 

over the past three years. This could be due to increased cloud cover and precipitation 

associated with climate change, though it is such a short amount of time that this trend 

cannot yet be attributed to a steady rate of increased precipitation. Solar panels also tend 

to be less efficient in hotter weather14 so with the increased temperature and increased 

precipitation (and thus more clouds) looming in the future PV arrays may be rendered 

obsolete. In addition, PV panels are expensive, generally going for about $4.81 per watt 

at the lowest; PV arrays generally have an 18-20 year payback period, though with 

climate change this may increase15. Therefore, while PV panels have the largest energy 

producing capability, they are probably not the most economically sound or efficient way 

to reduce our electricity use due to cooling. 

 Instead, passive solar techniques are favorable to Williams College both 

economically and in terms of reliability as it looks to retrofit new buildings and put up 

“green” academic and athletic facilities. Windows, walls, and awnings are all building 

aspects that can be altered to create better insulation or air flow throughout a space. In 

anticipation of continued and increased cooling demands and to reduce cooling costs, 

new buildings should have windows that actually open; for example, Paresky has dozens 

of windows that let in sunlight (and thus more heat) but cannot be opened to improve 

natural ventilation. Natural cooling is an easy addition that is relatively cost free and can 

have a great effect in reducing cooling demands. Similarly, different types of window 

                                                 
14 http://www.nrel.gov/docs/gen/fy04/36831l.pdf, also reported by David Dethier 
15 http://www.solarbuzz.com/Moduleprices.htm 
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glazing should be explored to retrofit the ’62 Center and Greylock Dining Hall, which 

both have big windows that let in solar radiation. Some windows are “designed to reject 

the sun's heat while providing insulation, and are ideal for all windows in hot climates 

and east- and west-facing windows in moderate climates.”16 Glazing should be especially 

applied to south-facing windows where sun will enter the room for the majority of the 

day. Different types of glazing will prevent the rooms from getting too hot during the 

summer, a key feature to consider in both renovating buildings and preparing for new 

ones. 

 Windows should also be recessed in such a way so that during the summer a 

minimum amount of light will enter a building and in the winter the lower oriented sun 

will provide optimum heat gain. Middlebury College uses a recess of about 8 inches, 

though the range is anywhere from 6-10 inches.17 Clerestory windows, which act 

similarly to skylights, are also good ways to allow day-lighting without the heat gain. 

“South facing clerestory windows must have proper overhangs to prevent too much direct 

heat gain in the summer, and north facing clerestory windows should be of a highly 

insulating glass to prevent heat loss during the winter.18” However, as the saying goes, 

you should never throw stones if you live in a glass house; government regulations say 

that “there are limitations on the amount of glass a building can have (25% if double-

pane).19” 

                                                 
16http://www.healthgoods.com/education/Energy_Information/Renewable_Energy/using_solar_at_home.ht
m 
17 In an interview with Bruce Hallett, Middlebury ’10 and environmental guru 
18 http://www.williams.edu/resources/sustainability/green_buildings/lighting.php?topic=day 
19http://www.williams.edu/resources/sustainability/green_buildings/passive_solar.php?topic=implementatio
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 Walls are also essential to consider when reducing the college’s cooling load. 

Insulation and sealing are important to retain cooled air already produced from air 

conditioning so that our electricity use is not wasted. Thermal mass such as adobe, water, 

wood, and wallboard will absorb heat and help stabilize the internal temperature on hot 

days. “During the night, thermal mass can be cooled using ventilation, allowing it to be 

ready the next day to absorb heat again. It is possible to use the same thermal mass for 

cooling during the hot season and heating during the cold season.20” Because thermal 

mass will be effective both in the summer and the winter in terms of heat storage, it is a 

sound economic investment for new buildings, though difficult to implement in old 

buildings without a major reconstructive effort.  

Middlebury College provides a great example for how we can design future 

buildings to be self-cooling. The Atwater dorms use prevailing winds to ventilate and 

chill the rooms inside. There are two dorms, A and B. They are oriented on a north-south 

axis, with one slightly off to the side of the other (Figure 5). The interior is set up for 

suite-style living and there are no walls separating smaller rooms for more students; this 

way winds can blow through the windows across the length of the building and out the 

opposite end21:  

                                                 
20 http://www.williams.edu/resources/sustainability/green_buildings/passive_solar.php?topic=cooling 
21 Picture from: http://www.middlebury.edu/NR/rdonlyres/50815AAA-0149-40CA-A346-
CE7D6E0EB58B/0/MiddTeleconfMar04.pdf (a PowerPoint by Connie Leach Bisson, Campus Sustainability 
Coordinator, Middlebury College). Floor plans from Bruce Hallett, Middlebury College ’10  
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Figure 5 The Atwater Dorms at Middlebury are cooled when East-West winds flow through the 
rooms, which have no interior walls to block air flow. The floor plan shows the ventilation 
opportunities from one side of the building to the other.  (Images from Bruce Hallett, Middlebury 
’10) 
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Built in 2004, the Atwater dorms look the same as any other structure, and are not 

extra-cold in the winter as long as the windows are closed. As wind flows out one 

building it flows into the other on a southwest trail, maximizing the full cooling potential.  

Finally, shading is an important aspect of bringing down the temperature inside a 

building. By planting trees and setting up awnings we can cool existing buildings and 

prepare for hotter summers in the future. Trees are an easy and environmentally friendly 

way to block sunlight entering a building and offsetting carbon emissions, however 

slightly. Trees are ideal especially near south facing windows because they prevent sun 

from entering during the summer, when it is hottest, but then lose their leaves in the 

winter, allowing more solar radiation to heat the space. “Mature deciduous trees permit 

most winter sunlight (60 percent or more) to pass through while providing dappled shade 

throughout summer.”22 Deciduous trees native to the area include maple, birch, oak, and 

chestnut; all of these would be great additions to our campus both technically and 

aesthetically.  

 Besides planting trees, roof overhangs and awnings limit the amount of direct 

sunlight entering a space, and if positioned correctly can significantly cool a room. 

Awnings are easy additions to previously built structures; they require little maintenance, 

but may have higher start up costs (ranging from $150-300 depending on the size of the 

window and material used for the awning)23. Awnings and roof overhangs are a little 

complicated because they need to be positioned at such an angle as to shade during the 

summer but at the same time allow a lower oriented sun to project its rays into the 

                                                 
22 Passive Solar Design Technology Fact Sheet, NAHB Research Center and Southface Energy Institute 
23 http://www.cheapawnings.com/pol.html 
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room24. Guidelines for correctly sizing overhangs set forth by Passive Solar Design 

Technology Fact Sheet created by NAHB Research Center and Southface Energy 

Institute for the US Department of Energy include:  

OVERHANG SIZING RULES: 
1. Draw the wall to be shaded to scale. 
2. Draw the summer sun angle upward from the bottom of the glazing. 
3. Draw the overhang until it intersects the summer sun angle line. 
4. Draw the line at the winter sun angle from the bottom edge of the overhang to the wall. 
5. Use a solid wall above the line where the winter sun hits. The portion of the wall below that line should 
be glazed.25 
 

While overhangs are effective and will require less maintenance than awnings, many 

awnings are retractable (depending on the material used; some awnings are metal, which 

are not retractable, but other materials include canvas and other fabrics), which will give 

the building more control over inside temperatures; this will be important to take into 

account when considering climate change. Along the same lines, awnings and roof 

overhangs may not be as aesthetically appealing as trees, but trees take a long time to 

grow and therefore will have a longer payback period. 

V. Conclusion 

 With climate change already an acting force, it is important that the college 

reassess its energy goal by examining passive solar energy as a more economically sound 

method for meeting future increased cooling demands. The temperature is expected to 

rise at an increasing rate, and the weather forecast predicts rain for the future. More 

constructions projects are planned and are already underway, which will almost certainly 

create more strain on the chiller plant.  As a result, retrofitting new buildings with 

awnings and windows that actually open as well as planting more trees to provide 

                                                 
24 Passive Solar Design Technology Fact Sheet, NAHB Research Center and Southface Energy Institute 
25 Passive Solar Design Technology Fact Sheet, NAHB Research Center and Southface Energy Institute 
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shading is an important step to cutting down our electricity demand and CO2 emissions. 

Our new buildings should be designed to include thermal mass, prevailing wind 

technologies, and roof overhangs. If we begin to confront the change immediately, our 

campus will calm, cool, and collected as the climate begins to shift. 
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