
Kellogg House: Regeneration

Sophia Chen
ENVI/GEOS 206

May 17th, 2011



Introduction

	
 Williams College is constantly undergoing renovations, seeking to improve its academic 

status by more sustainable measures. One project underway, to begin construction in June of 

2011, is the Stetson/Sawyer Library project. In order for this new library to be renovated and 

added on to, part of the Kellogg House needs to be relocated to an adjacent lot, where Seeley 

House is currently. Once it is moved to the new site near Dodd circle, Kellogg House will be 

renovated and extended--construction hopefully to begin next year--to become the new home for 

the Center of Environmental Studies (CES) and the Zilkha Center for Environmental Initiatives.
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Figure 1: Kellogg House  - November 2007
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 This research paper examines the feasibility of having a net zero Kellogg House, and 

explores different methods of sustainability to achieve that goal.

	
 The final building will be approximately 6,500 square feet (2,800 square feet in the 

original Kellogg House and 3,700 square feet in the addition), or 603.869 square meters. Rather 

than demolishing all of Kellogg, 2,800 square feet is being preserved for historical purposes. The 

House has an interesting history--serving as the house of the first four presidents of Williams 

College since its construction in 1794, then turning into a faculty house until 1978 when the 

Center for Environmental Studies (CES) moved in. In addition to changes in usage, Kellogg has 

also undergone renovations, always keeping in mind the need for conserving the building’s 

architecture in a historically accurate manner. The entire House was renovated after a failed 

attempt to burn down Kellogg in 1872, and in 1919, it was relocated to make room for Stetson 

Hall. When the CES moved in, the porch was enclosed, adding 670 square feet to hold the CES 

library. A new wing was completed in 1995.
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Figure 2: Location of New Kellogg (green) and Addition (yellow)
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Goals

	
 The current realistic goal for the new Kellogg House is to only consume 40,000 BTUs 

per square foot per year, meaning 11.72 kWh per square meter, but the College’s true ambition 

hovers closer to 30,000 BTUs of energy consumption. Over a span of 6,500 ft2, the total BTUs 

per year for the new Kellogg would be:

	
 6,500 ft2 x 40,000 BTU/ft2 = 260,000,000 BTUs per year = 76,198.48 kWh per year

	
 The College is seeking LEED Platinum Certification and a Living Building Certificate 

(LBC). In order to get a LBC for the new Kellogg House, Williams must commit to a zero-net 

energy goal, meaning net zero energy consumption and zero carbon emissions annually. 

However, it is near impossible to generate enough energy to power all of Kellogg House at all 

moments of the year. In the winter, energy demands will be far greater than what can be 

generated on site, and during the summer, the House will be able to produce more energy than 

necessary (excess energy could be sent to the grid to power other buildings nearby). Therefore, if 

we normalize the amount of energy generated and used at Kellogg throughout a year, then 

Kellogg can feasibly be net zero. The College will still be able to get a LBC with data 

normalization. According to Diana Prideaux-Brune, Associate Vice President for Facilities, if the 

College aims for a LBC, then we can easily get LEED Gold Certification and work just a little bit 

harder for Platinum. The level of LEED certification depends on the building’s score when the 

numbers for the following six core priority categories are tallied up: site development, water 

efficiency, energy and atmosphere, materials and resources, indoor environmental quality, and 

innovative design.

	
 LBCs go beyond LEED, requiring an evaluation of the building after at least twelve 

consecutive months of operation to ensure the building is truly net zero. There are 20 
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requirements the College must fulfill in order to obtain an LBC for the new Kellogg, some of 

which include net zero water use--”One hundred percent of occupants’ water use must come 

from captured precipitation or closed loop water systems that account for downstream ecosystem 

impacts and that are appropriately purified without the use of chemicals” 3--net zero energy, 

healthy air, biophilia, safe and replenishable building materials, and reduction of waste during 

design, construction and operation.

Data

	
 The 40,000 BTUs would cover all heating, electricity and ventilation needs of Kellogg, 

with any excess power produced from the solar panels sent to the grid for general college use.

	
 To find out what a PV panel can actually produce on a roof top, we must first estimate the 

amount of kWh it can power per square meter of space. The following ratio equation has 

numbers taken from the PV panels on top of Morley Science Center. There were 58 m2 of PV 

panels installed in 2004, and its maximum possible production per day is 7.2 kW. 7.3 MWh was 

the electricity output for Morley in 2010.

58 m2/7.3 MWh = x/76.2 MWh --> x = 605.42 m2 of PV panels needed for Kellogg

76,198.48 kWh/605.42 m2 = 125.86 kWh/m2 will be produced per year

Table 1 illustrates the area demands for PV panels and how much energy each panel would 

produce if we lowered the College’s demands to 20,000, 30,000, or increased them to 50,000 

BTUs instead:

BTUs/ft2

Total BTUs per 
year

20,000 30,000 40,000 50,000
130,000,000 195,000,000 260,000,000 325,000,000
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Total kWh per 
year
Area of PV 
panels (m2)
Energy produced 
per panel per 
year (kWh/m2)

38,099.24 57,148.86 76,198.48 95,248.10

302.71 454.07 605.42 756.78

62.93 94.40 125.86 157.33

Table 1: Area Demands of PV Panels
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Figure 3: Area Demands of PV Panels

	
 Photovoltaic panels can fit 10 W of power into every square foot of roof space, meaning 1 

kW of power per 100 ft2. At this time, the installed cost of solar panels on an average U.S. 

residential building can range anywhere from $7 to $9 per watt. Therefore, “a 5 kW system 

would cost on the order of $35,000-$45,000 and an 8 kW system would be anywhere from 
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$56,000 to $72,000.” 4 A 5 kW system would produce 5,000 W of power per hour, and assuming 

there are 6 hours of optimal sunlight a day, a maximum of 30 kW of energy could be produced 

on that day. However, being that this is Williamstown, MA with many cloudy, overcast, and rainy 

days, it is more likely that a 5 kW system would produce 5,500 kWh worth of energy. This 

would only account for approximately 7.2% of the annual energy needs of the new Kellogg.

2008 2009 2010
kWh
kWh per day
kWh/m2

kWh/m2 per day

9641.3910 5086.6978 7244.6400
26.4148 13.9362 19.8483

165.3188 87.2204 124.2222
0.4529 0.2390 0.3403

Table 2: Total kWh and kWh/m2 Values for Morley Science Center

	
 Table 2 shows the total kWh and total kWh/m2 produced in the past three years for the 

Morley Science Center. Being that there are 58 m2 worth of 7.2 kW system panels on Morley’s 

roof, each of the kWh values is divided by 58 m2 and that value is an estimate of how much each 

panel produces a year. To go further, we can estimate how much each panel produces a day by 

dividing the kWh/m2 values by 365 days. This is an approximation because the data values for 

each year are short by a few days. Some generated energy can also be discounted because of 

energy lost to inverters and wires. From this data, we can predict the efficiency of PV panels for 

Kellogg, assuming it uses a similar system angled at six degrees. The efficiency of the PV panels 

for 2010 on Morley was 8.8%:

Efficiency = useful energy output/energy input

                                        = 7.244 MWh/(W/m2) x 24 hr x 365 days x 58 m2

	
 	
 	
 	
          = 7.244/~82
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          = 0.088

	
 	
 	
 	
          = 8.8% efficiency

The efficiency for 2008 was 11.8% and the efficiency for 2009 was 6.2%. The average of these 

three efficiencies is 8.9% and that number is the estimated efficiency for the new Kellogg’s PV 

system. Photovoltaic systems follow a linear pattern: the bigger the system is, the cheaper the 

installation. Therefore, if the College decided to have panels that generate 20 kW of maximum 

energy instead of 7.2 kW, it could probably get a better deal.

	
 There is a lot to consider before installing photovoltaic panels. One of the dilemmas the 

planning committee has encountered is where to place the new Kellogg so as not to be shadowed 

by the North Academic Building (Hollander Hall) and the new and larger Stetson Library. After a 

shadow study conducted by Bohlin Cywinski Jackson of Architecture Planning Interior Design in 

May 2005, it was found that during summer and winter solstice, the shadowing on the current 

Kellogg prevents maximum sunlight. The worst scenarios in which the most shade is cast on 

Kellogg (December 21st at 3:00 pm) are shown below:

 Current Stetson and Kellogg                          New Stetson and Old Kellogg      
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New Stetson and Kellogg

5

Figure 4: Bohlin Cywinski Jackson - May 2005

	
 The old Stetson completely shadows the old Kellogg at certain times of the year so if PV 

panels were installed on the roof now, they would be irrelevant when the sun is blocked by 

Stetson. When relocating Kellogg, close attention must be paid to how surrounding buildings 

affect the amount of sunlight the House gets.

Alternatives for Net Zero

Passive Solar

	
 Passive solar techniques will also be worked into the new Kellogg House. Often, “passive 

solar design techniques have a higher first cost but are often less expensive when the annual 

energy and maintenance costs are factored in over the life of the building.” 6 Specific techniques 
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to incorporate into the new Kellogg will be orienting the house with the long axis running east/

west, selecting windows that optimize winter heat gain and minimize summer heat gain, south-

facing overhangs to shade windows, adding thermal mass in walls and floors for heat storage, 

natural ventilation, and daylight to provide natural lighting.

7

           	
Figure 5: Greentech Solar - June 2009                         Figure 6: Evacuated Tube Diagram

	
 In the case that installing solar photovoltaic panels on the roof or fixed pole mounted 

photovoltaic panels can prove to be too expensive, or rather not feasible because of the square 

meters of PV panels required for the building to produce enough power for Kellogg to be net 

zero, solar thermal technologies should be considered. Although solar thermal cannot run 

appliances necessary for faculty-dominated buildings such as the new Kellogg, it can heat the 

building with solar hot water, which accounts for a significant portion of energy use. In Exercise 

4, the ENVI/GEOS 206 class analyzed the building energy use of Griffin Hall during winter 

shutdown (12/23/2010 - 1/1/2011) and winter study (1/13/2011 - 1/22/2011). The winter 

shutdown data signified less energy use and the winter study data showed more energy use. Just 

looking at the winter study data, we found that steam took up 62.4700 MMBTUs (89.28%) of 
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energy consumption while electricity was a mere 7.4971 (10.72%) in comparison, costing the 

College $853.34 (79%) in steam and $229.58 (21%) in electricity. Steam use during this period 

emitted 3.4796 metric tonnes of eCO2 (79.42%), whereas electricity use emitted 0.9019 metric 

tonnes of eCO2 (20.58%). From these numbers, we can see that steam usage for heating takes up 

about 80% of energy use, while electricity is only about 20%.

	
 605.42 m2 of PV panels, similar to the ones on Morley that produce a maximum of 7.2 

kW per day, are needed to provide enough energy for the new Kellogg to be net zero energy, and 

this is simply not possible given that the amount of available roof space will only be around 100 

m2. However, from Exercise 4 we learn that electricity really only accounts for about 20% of 

energy usage. The calculations below show how many square meters of photovoltaic panels 

would be necessary to generate the required electricity use for Kellogg:

76.2 MWh x 0.2 = 15.24 MWh per year

58 m2/7.3 MWh = x/15.24 MWh --> x = 121.08 m2 of PV panels needed

	
 If the College were to install evacuated tubes like the Greentech Solar ones shown in 

Figure 5, solar energy would be absorbed by the evacuated tubes. Consequently, heated vapor 

rises to the top while cooled liquid falls to the bottom of the tube. Heat is absorbed by the heat 

pipe and heat transfer occurs. The heat is normally absorbed by water, which then can be used to 

supplement for hot water heating or space heating. “Based on the best estimate of energy 

production for the one-year period of August 1, 2009 to July 31, 2010, [J.J. Augenbraun] 

calculated energy production per square meter of net aperture area of the system (based on 20.28 

square meters) as 2,537,800 Btu/m2.” 8 However, since this is an upper limit based on data 

collected during a particularly sunny year, I discounted this value by 20%:
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2,537,800 BTU/m2 = 743.756 kWh/m2

743.756 kWh/m2 x 0.8 = 595 kWh/m2

Going along with the idea to provide the 20% of energy needed for electricity use from solar PV 

panels, the following calculations show how many square meters of evacuated tubes (using a 

similar system to the one JJ worked with) are needed to provide the 80% of energy needs for 

heating and cooling:

76.2 MWh x 0.8 = 60.96 MWh per year

20.28 m2/12.0666 MWh = x/60.96 MWh --> x = 102.45 m2 of evacuated tubes needed

With solar thermal technology, Kellogg can heat up water it does not need, especially in the 

summer, and pump it to the new Stetson Library where the need for hot water is more 

considerable. However, this would require underground pipes to connect Kellogg and Stetson.

	
 Only a total of about 224 m2 of space is needed for both the solar PV panels and the solar 

evacuated tubes. The preserved part of Kellogg has a simple pitch roof and will stay that way 

during reconstruction, and therefore the amount of roof space for photovoltaics is limited. Any 

PV panels installed on the old, simple pitch roof would have to be on the south-facing side, and 

we can assume there will be about 100 m2 worth of space on the new addition of 3,700 ft2. The 

roof space would be an ideal place to install the evacuated tubes. Solar thermal technology is 

both more efficient and less expensive than solar PV--however, solar PV is effective year round 

while solar thermal is not really necessary in the summer.
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Pole Mounting

	
 Rather than having PV panels on the roof, PV panels can be pole mounted.

Figure 7: Craftsbury, Vermont - March 2011

	
 Pole mounting allows for manual adjustment to track the sun. The PV arrays on top of 

Morley’s roof are angled at six degrees, and these panels can generate a maximum of 7.2 kW, but 

they definitely does not produce what it could at an optimal angle perpendicular to the sun’s rays. 

The College rejected proposals to position the arrays at a higher angle because they would need 

to be bolted down, and that would mean having to disrupt the aesthetic appearance of the ceiling 

inside the science building.

	
 Fixed pole mounted PV panels would be a solution to the Morley problem as they can be 

manually adjusted. They are built more durably using thick wall steel mounts, they are ideal for 

installation in remote areas, minimal maintenance is required, the foundations are not costly, the 

mounting rails are standard universal to fit any commercially available PV panel, they are 

modular to allow for multiple configurations dependent on the field layout, and they have high 
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wind trackers. Fixed pole tops made by the Patriot Solar Group (PSG) advertise degrees of 

elevation ranging from 15 to 65 and wind survival for over 100 mph. PSG gives a ten year 

warranty against mechanical failures and breakages of the frame construction and a two year 

warranty on electronics and workmanship.9

	
 Pole mounts can be placed in a remote place on or off campus, away from the casual 

observer, so as to prevent vandalism and tampering. There is a parking lot near the planned new 

location of Kellogg, just north of where the Seeley House currently resides. Come summer, 

Seeley will be demolished and the preserved 2,800 square feet of Kellogg will sit where Seeley 

was until construction for Kellogg begins next year. The parking lot would be ideal for 121.08 

m2 of pole mounted photovoltaics to be placed, or even for roof installation of PV panels.

Geothermal

	
 There are also plans for a geothermal heat pump for the new Kellogg. A geothermal heat 

pump, known variably as a ground source heat pump or a ground heat pump, is a central heating 

and cooling system that pumps heat to or from the ground. The Environmental Protection 

Agency (EPA) states that a properly sized and installed geothermal heat pump can save 30-70 

percent in heating costs and 20-50 percent in cooling costs.10
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Figure 8: Geothermal Heat Pump

Ground source heat pumps can have either open or closed loops. With a closed loop system, 

water or antifreeze solution is circulated through plastic pipes underground. In the winter, the 

water circulating through the pipes collects heat from the earth and carries it through the system 

and into the building to heat water. In the summer, the system reverses itself to cool the building 

by taking heat from the building, carrying it through the system and placing it into the ground. 

These closed loops can be installed vertically, horizontally, or through directional drilling (under 

gardens, yards, driveways, etc. without disrupting them). Open loop systems work similarly but 

are installed less frequently because they require an adequate supply of relatively clean water.

	
 Kellogg will most likely have a vertical ground closed loop configuration. For a vertical 

system, “holes (approximately 4 inches in diameter) are drilled about 20 feet apart and 100–400 
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feet deep. Into these holes go two pipes that are connected at the bottom with a U-bend to form a 

loop. The vertical loops are connected with horizontal pipe (i.e., manifold), placed in trenches, 

and connected to the heat pump in the building.” 12 Vertical systems are used at most large 

commercial buildings and schools because they minimize disturbance to the landscape and use 

less land area.

Design

	
 The new Kellogg will most resemble the ’62 Center for Theatre and Dance in terms of 

building materials used and attention to design.

13 14

Figure 9: ’62 Center for Theatre and Dance

Similar natural wood and windows will be used to maximize the amount of natural light let into 

the building. During the construction of the ’62 Center, close attention was paid to landscaping. 

sophia chen     16

12 "Energy Basics: Geothermal Heat Pumps." U.S. DOE Energy Efficiency and Renewable Energy (EERE) Home 
Page. Web. 15 May 2011. <http://www.eere.energy.gov/basics/renewable_energy/geothermal_heat_pumps.html>.
13 http://silverwickdesign.com/wp-content/uploads/2010/10/Williams62CenterHDR001_1.jpg
14 http://farm4.static.flickr.com/3583/3660141091_be7645f7bf.jpg

http://www.eere.energy.gov/basics/renewable_energy/geothermal_heat_pumps.html
http://www.eere.energy.gov/basics/renewable_energy/geothermal_heat_pumps.html
http://silverwickdesign.com/wp-content/uploads/2010/10/Williams62CenterHDR001_1.jpg
http://silverwickdesign.com/wp-content/uploads/2010/10/Williams62CenterHDR001_1.jpg
http://farm4.static.flickr.com/3583/3660141091_be7645f7bf.jpg
http://farm4.static.flickr.com/3583/3660141091_be7645f7bf.jpg


There are panoramic views to the surrounding mountains of the rural Berkshires, and “the 

interior of the building is infused with daylight, either through large glass walls modulated by 

wood shutters in the MainStage Lobby or by skylights creating changing patterns of light along 

circulation routes.” 15 Most complaints about the old Kellogg had to do with how poorly lit the 

building was, but students liked the homey feeling of the House. The new Kellogg will 

incorporate a lot of the same stylistic aspects with glass and warm wood. It will also take full 

advantage of the landscape with the potting of plants and an outdoor classroom.

	
 Between the needs of the Zilkha Center and the CES, there will be 18 offices. One of the 

major problems brought up during planning discussions, according to Prideaux-Brune, is the 

square footage and program need versus sustainability. If the load is reduced, consequently the 

amount of power needed to be generated on site is lowered. Some questions to consider are how 

big the offices need to be and how many computers and other appliances need to be bought. For 

example, if there was just one central printer instead of individual printers for each office, or two 

public computers instead of four, small changes like these could reduce the building’s energy 

consumption to a number closer to 30,000 BTUs per square foot per year.
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