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Figure 1. Library Shelving Facility.  

Introduction 

 Due to the loss of library space that would result from the Stetson/Sawyer Building 

Project, Williams College announced that it would need a place to store books and archives 

formerly residing in the Stetson Library.  Consequently, Williams began construction on the 

Library Shelving Facility, and completed the venture in May of 2008.  This concrete box 

promised to maximize its 10,856 square feet of space by housing 900,000 volumes on thirty foot 

shelves1.   

 Having designed similar buildings at Harvard and Yale, Barr & Barr Builders determined 

that a state of the art HVAC system was necessary to maintain a temperature of 50 degrees 

                                                            
1 http://www.barrandbarr.com/index.cfm/NewsEvents?NID=183.  Barr & Barr, Inc..  Content Last Updated: 5/21/08.  Visited 

5/2/09.   

 

http://www.barrandbarr.com/index.cfm/NewsEvents?NID=183
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Fahrenheit and a relative humidity of 30% within the building.  Such conditions would lead to 

the optimum climate for preservation of library materials.  In order to maintain a constant 

climate, the HVAC equipment would work in conjunction with a gas fired broiler to provide heat 

during the winter, in addition to removing humidity from the air year round.  Located inside the 

HVAC is desiccant material, similar to the moisture control packets that one would expect to 

find in packaged goods.  Although the outdoor air is most likely warm during the summer, the 

desiccant wheel can only regenerate once air is heated in order to drive water out of the wheel2.    

 

Figure 2.  A model of the desiccant wheel located in the specialized  HVAC  
  equipment, similar to the one found at the Library Shelving Facility.  

                (Source: http://www.ornl.gov/info/reporter/no2/humidity.htm) 

 Undoubtedly, such stringent temperature and humidity requirements result in the use of 

huge amounts of electricity and natural gas.  In order to counter such environmental strains, the 

Library Shelving Facility was built with green initiatives in mind. Ninety-six photovoltaic panels 

sit atop insulated precast concrete panels, largely made up of recycled materials.  The 26.88 

                                                            
2 Jason Moran. Library Shelving Facility Project Manager. 

http://www.ornl.gov/info/reporter/no2/humidity.htm
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kilowatt array was expected to supply one third of the Library Shelving Facility’s electricity3, in 

addition to, according to Stephanie Boyd, helping “the College achieve its ambitious greenhouse 

gas reduction target of 10 percent below 1990 levels by the year 2020.” 

 From the moment they were created, photovoltaic arrays have been faced with much 

controversy.  From installation costs, electricity production, payback, and overall impact on the 

environment, many people simply view photovoltaic arrays as a nice environmental gesture, yet 

a complete waste of money, with little positive impact on the global environment.  This paper 

will address the problems often associated with photovoltaic arrays by examining the 

performance of the solar panels at the Library Offsite Shelving Facility as well as the question of 

whether more solar panels should be installed at Williams College.  

Setting 

 Location 

 The Library Shelving Facility is located about a 

mile and a half north of campus, at 835 Simonds Road.  

The building is actually closer to Vermont than the 

Williams College campus (Figure 3).  As a result of its 

distance from campus, many students are not aware that 

the Library Shelving Facility exists.  Even if that rare 

occasion occurs when they happen to pass by the site, they 

will most likely fail to notice the solar panels on the roof. 

                                                            
3 http://ephlib.wordpress.com/2008/06/10/off-site-shelving-facility-to-open/.  Steve Satullo.  Content Last Updated 

6/10/08.  Visited 5/1/09.   

Figure 3.  The Library Shelving Facility 
in relation to the Williams College 
campus.  (Source:  
http://www.mapquest.com/) 

 

http://ephlib.wordpress.com/2008/06/10/off-site-shelving-facility-to-open/
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 Climate 

 Residing in the Northeast, the electricity produced by the solar panels at the Library 

Shelving Facility depends heavily on the accumulation of snow fall in addition to the hours of 

sunlight at the site.  A thin sheet of snow over a solar panel prevents sunlight from striking its 

surface, thus resulting in no electricity produced.  As a matter of fact, 0 kWh of electricity were 

produced from January 7 to February 8 of 2009, due to the accumulation of snow.  The amount 

of daylight in any given month can vary greatly in the Northeast.  December has the shortest 

average day of 9 hours 20 minutes, while May at 15 hours 22 minutes, has the greatest duration 

of sunlight4.  Accordingly, the photovoltaic array at the Library Shelving Facility produces the 

greatest amount of electricity during the summer months, when the length of the day is the 

longest, while conversely, the least amount of electricity is generated during the winter months 

(Table 1).  

Table 1.  Modeled vs. Measured Energy from the PV array at the North Adams Public Library.              
Although the array only has a capacity of 9.68 kilowatts, while the LSF has a capacity of 26.88   
 kilowatts, only1 degree separates the arrays in tilt, and they each face towards the south.  Note 
that more electricity is produced during the summer.  (Source: 
http://www.soltrex.com/systems.cfm?systemid=S00000000240&sortby=site&ascdesc=asc&startrow=
41&hid=SW0000000000&state=ma&q=)   
 

 
                                                            
4 http://encarta.msn.com/media_701500905_761563211_-1_1/hours_of_daylight_by_latitude.html. Content Last 

Updated 2009.  Visited 5/12/09.   

 

http://www.soltrex.com/systems.cfm?systemid=S00000000240&sortby=site&ascdesc=asc&startrow=41&hid=SW0000000000&state=ma&q
http://www.soltrex.com/systems.cfm?systemid=S00000000240&sortby=site&ascdesc=asc&startrow=41&hid=SW0000000000&state=ma&q
http://encarta.msn.com/media_701500905_761563211_-1_1/hours_of_daylight_by_latitude.html
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Method  

 Analyzing data from the Library Shelving Facility is a perplexing, yet fascinating, 

process.  One must always be conscious that monitoring systems are far from reliable, so it is 

important to be skeptical of the data presented.  Monitoring of photovoltaic production began in 

September, but there were often missing pieces of information.  When this occurred, I replaced 

this gap with the monthly average of production.   

 It was also important to extend the energy picture of the Library Shelving Facility to a 

full year.  In order to make this projection as accurate as possible, I used models of the expected 

building performance in terms of electricity and natural gas, as well as my knowledge of how the 

building was currently performing.  After comparing known data to that which was projected by 

the Tillou Engineering model, it became clear that Tillou Engineering overestimated the amount 

of electricity that the Library Shelving Facility would use, by a huge amount.  As a result, I 

looked at the projections more as a guide to see which months used greater, or fewer, amounts of 

electricity, rather than paying strict attention to the number of kWh associated with each month. 

 Natural gas is constantly being used at the Library Shelving Facility as a result of the 

unique HVAC system.  From May through August, I assumed that the Library Shelving Facility 

used 190 CCF’s of natural gas.  

 Data regarding electricity produced by the photovoltaics was only available from 

September 11, 2008 through April 30, 2009.  In order to get an annual estimation of what the 

photovoltaics might be producing, I looked at the correlation between the electricity produced at 

Morley Science Center and the known months at the Library Shelving Facility.  After 

determining the relationship between the electricity produced at each site, I was able to 
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determine the amount of electricity one would expect to see produced at the Library Shelving 

Facility form May 1 through September 10.    

Data 

 Predicted Electricity Use Without PV’s 

 Tillou Engineering created an electricity model of the Williams Library Shelving Facility.  

The model predicted that the Library Shelving Facility would reach a peak in terms of electricity 

use in January at 68,000 kWh, and a low in terms of energy use in April at 30,000kWh 

(Appendix A).   In total, the Library Shelving Facility was expected to use 521,000 kWh of 

electricity per a year.   

 

           Figure 4.  Tillou Engineering’s electricity consumption and photovoltaic production 
          model of the Library Shelving Facility.  (Source: Tillou Engineering) 
 

 Actual Electricity Use Without PV’s 

 Data for the electricity use at the Library Shelving Facility was available from August of 

2008 through April of 2009 (Figure 5).  During this time period, 197,000 kWh of electricity were 

used.  Using the Tillou Model as a guide, I estimated the electricity use for the months of May, 
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June, and July, and determined that the Library Shelving Facility uses about 233,800 kWh of 

electricity per a year (Appendix A).   

 

                  Figure 5.  The Library Shelving Facility’s use of electricity from August 2008 through 
                      April 2009. (Source: http://www.williams.edu/resources/sustainability/index.php) 
 
   
 Cost of Electricity Without PV’s 

 Williams College pays 12.9 cents per a kWh of electricity5.  At 19,483 kWh/month and 

233,800 kWh/year, the Library Shelving Facility consumes $2,513.31 of electricity/month and 

$30,160.20 of electricity/year.  

 Natural Gas Use 

Data for the natural gas use at the Library Shelving Facility was available from August of 

2008 through March of 2009 (Figure 6).  During this time period, 2,968 CCFs of natural gas 

were consumed (Appendix A).  Knowing that the Library Shelving Facility uses natural gas 

throughout the year due to its HVAC system, and the amount of natural gas used during the 

                                                            
5 David Dethier.  Professor of Geoscience.   

http://www.williams.edu/resources/sustainability/index.php
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warmer months hovers slightly below 200CCFs, I was able to create a natural gas picture for the 

entire year.  The Library Shelving Facility uses about 3,738 CCFs of natural gas per a year 

(Appendix A).        

 

        Figure 6.  The Library Shelving Facility’s use of natural gas from August 2008 through  
         March 2009. (Source: http://www.williams.edu/resources/sustainability/index.php) 

 

 Cost of Natural Gas 

 Williams College pays $1.75/CCF of natural gas6.  The Library Shelving Facility 

consumes about 311 CCFs/month and 3,738 CCFs/per year resulting in a natural gas price tag of 

$544.25/month and $6,541.50/year.   

 Total Energy 

 If there are 102,000 BTU’s in a CCF, then the Library Shelving Facility uses 111,561.61 

kWh of natural gas and 233,800 kWh of electricity for a total of 345,361.61 kWh annually 7.  

                                                            
6 David Dethier.  Professor of Geoscience, Department Chairman.   
7 http://www.onlineconversion.com/energy.htm.  Content Last Updated 5/16/09.  Visited 5/16/09. 

http://www.williams.edu/resources/sustainability/index.php
http://www.onlineconversion.com/energy.htm
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 Predicted PV Production 

 The Tillou Report predicted that the photovoltaic array at the Library Shelving Facility 

would have an annual output of 28,800 kWh of electricity (Figure 4).   

 

                                           Figure 7.  The photovoltaic array atop The Library Shelving 
                Facility.  (Source: David Dethier) 
  

Actual PV Production 

Data on PV production was available from September 11, 2008 through April 2009.  

During this time, 11,449 kWh of electricity were produced.  In order to account for the data on 

the missing months (May, June, July, August, and the first ten days in September), I had to look 

at the correlation between the PV production at the Morley Science Center and the Library 

Shelving Facility (Figure 8).  After such a relationship was established, I was able to extend this 

information over to the unaccounted months in PV production at the Library Shelving Facility 

(Appendix B).  As a result, I estimated that the photovoltaic array accounts for 25,949 kWh of 

electricity produced per a year.    
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                                        Figure 8.  This model establishes a relationship between the PV’s 
                                        at Morley Science Center and the Library Shelving Facility.  With 
                                        an R2 of .93, the fraction of variance is extremely accurate, thus  
             one can rely on one site to determine the production of the other.   
             (Source: David Dethier) 
   

Savings in PV Production 

The PV production of 25, 949 kWh reduces the Library Shelving Facility’s  

electricity need from 233,800 kWh to 207,851 kWh per a year, and at 12.9 cents/kWh, the 

photovoltaic array results in a savings of $3,347.42 annually.   

Discussion 

 The Library Shelving Facility undoubtedly uses a lot of natural gas and electricity in 

order to maintain the building’s optimum climate of 50 degrees Fahrenheit with 30% humidity.  

Despite Tillou Engineering’s best efforts, it greatly overestimated the amount of electricity 

consumed by the facility.  While a peak in terms of electricity use at 68,000 kWh was expected 

to be reached in January, the actual peak occurred in November and was only 46,600 kWh of 

electricity (Appendix A).  Similarly, the Library Shelving Facility uses approximately 233,800 
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kWh of electricity annually, while the Tillou Report had predicted 521,000 kWh.  Such a gap 

between predicted and actual might be attributed to Jason Moran and Stephanie Boyd, who 

noticed in November that the LSF was using large amounts of electricity. Within a month or so, 

controls were recalibrated and the building’s electricity use dropped dramatically while still 

maintaining the proper environment for the preservation of library materials.   

 The Library Shelving Facility uses much more energy per a square foot than most other 

buildings.  Unlike many buildings at Williams College, the Library Shelving Facility is in 

constant use, so one would expect that in a year, it might have a relatively high electricity use per 

square foot.  Indeed, this is the case (Appendix C).  Yet even in other buildings’ peak seasons in 

terms of electricity use, the Library Shelving Facility continues to require a greater amount of 

electricity per a square foot.  April is Cole Field House’s most energy intensive month (1.214 

kWh/ft2), while December is Dennett’s most energy intensive month (.7517 kWh/ft2).  

Surprisingly, the Library Shelving Facility’s average annual electricity use per a square foot 

(1.882 kWh/ft2) still dwarfs the average electricity use per a square foot of other buildings, even 

in their peak months.  Hence it is clear that the Library Shelving Facility uses an enormous 

amount of electricity for its size.   

 Natural gas plays a huge role in the total energy consumption of the Library Shelving 

Facility.  During warmer months, most buildings use small quantities of natural gas for the sole 

purpose of heating water.   The same cannot be said for the Library Shelving Facility.  Needing 

natural gas throughout the year, the HVAC system rarely requires less than 190 CCFs of natural 

gas in any given month.  Therefore, not only does the Library Shelving Facility use a lot of 

electricity for its size, but a lot of natural gas is also used during all months of the year, bringing 

the annual sum of energy use for the facility to an astounding 345,361.61 kWh (Appendix A).  
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 As a result of 233,800 kWh/year of electricity and 3,738 CCFs/year of natural gas, 

Williams College pays $36,701.70 per a year to keep the Library Shelving Facility running.  In 

order to alleviate these reoccurring costs, a photovoltaic array was placed on the roof of the 

building.  “Expected to supply a third of the facility’s electricity,” this would have resulted in a 

huge savings for the College as well as a reduction in emissions8.  But have the solar panels 

preformed as predicted? 

 The photovoltaics at the Library Shelving Facility have an annual output of 25,949 kWh.  

As a result, they account for about 11.1% of the overall electricity (233,800 kWh) consumed by 

the building in a year.  At 12.9 cents per a kWh, this leads to a reduction of the cost of electricity 

for the facility from $30,160.20 to $26,812.78 annually: a savings of $3,347.42 per year or 

$278.95 per month.   

 Now, a savings of $3,347.42 per year may not seem like much of a savings at all, 

especially after considering that the photovoltaic arrays had a net cost of $134,000 to install, and 

this was after a $93,610 rebate from Massachusetts Technology Collaborative and a $12,000 

rebate from National Grid.  But one must also take into account the overall cost to construct the 

Library Shelving Facility ($4,900,000), and realize that though the cost associated with the 

photovoltaic array may seem like an astronomical number, the investment in the array only made 

up 2.7% of the total cost of the construction project9.  

 At 12.9 cents per a kWh and 25,949 kWh produced by the photovoltaics, it would take 

the PV’s over 40 years to produce enough electricity to pay for themselves.  But the price of any 

given good never remains stagnant, thus the prospect of payback is not quite so bleak.  

According to Unlimited Natural Energy, the price of a kWh of electricity is expected to rise by 
                                                            
8 http://ephlib.wordpress.com/2008/06/10/off-site-shelving-facility-to-open/.  Steve Satullo.  Content Last Updated 
6/10/08.  Visited 5/1/09.   
9 Jason Moran. Library Shelving Facility Project Manager. 

http://ephlib.wordpress.com/2008/06/10/off-site-shelving-facility-to-open/
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4.7% each year (Figure 9).  This means that by 2030, the price of a kWh will be nearly 34 cents.  

Hence, with the production of 25,949 kWh annually, the photovoltaics would have a payback 

period closer to 23 years (Appendix D).   

 

           Figure 9.  United Natural Energy predicts that the price per kWh of electricity will rise at  
           an average rate of 4.7%/year. (Source: http://www.unenergy.org/Popup%20pages/kWh%20Costs.html) 
 
Conclusions 

 Although the photovoltaic array has not produced enough electricity to cover one third of 

the electricity consumption by the Library Shelving Facility, one cannot ignore the true potential 

of solar power.  In April 2009, the building used 11,400kWh of electricity.  Of the electricity 

consumed, 3,139 kWh (27.54%) were produced by the solar panels. During the winter months, 

where days are shorter and snow often covers the panels, a relatively small amount of electricity 

is produced.  Conversely, as the days become longer, the PV production of kWh continues to 

increase, coming ever so close to providing one third of the building’s electricity (Table 2). 

http://www.unenergy.org/Popup%20pages/kWh%20Costs.html
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    Table 2.  There is a direct correlation between length of day and PV 
     production.  Hence, even more kWh should be produced during the  

   summer months.   

 

 Looking strictly at the numbers, it might not look as though the solar panels were a sound 

investment.  Without some type of governmental policy, such as a carbon tax, it is plausible that 

solar electricity will never be able to monetarily compete with electricity from the grid.  And this 

may be true.  Certainly, a 23 year payback is a long time to wait for any investment.  But when it 

comes to a photovoltaic array, especially at an institution of higher education, there is much 

more to consider than simply economics.   

 A photovoltaic array serves as a medium through which the public can be educated on 

environmental issues.  Although many institutions have stated that their goal is to reduce carbon 

emissions, few schools have actually done enough to make their plan become a reality.  The 

Campus Sustainability Leadership Award is available to schools of differing sizes “who have 

made the greatest overall commitment to sustainability10.”  To this day, Williams College, unlike 

Middlebury College (2007), has yet to be listed as a recipient of such an award.   

 Williams College should make renewable energy a priority.  Undoubtedly, investing in a 

large photovoltaic array will be costly, but there are countless rebates which are available to help 

cover such costs.  According to the Commonwealth Solar Monthly Report, as of April 30, 2009, 

88% of the PV projects that applied for rebates qualified for such rebates.  Of those projects that 

                                                            
10 http://www.aashe.org/programs/campus_awards.php.  Content Last updated 2009.  Visited 5/14/09.   

http://www.aashe.org/programs/campus_awards.php
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qualified, the average rebate for a 25 to 100 kW system was $173,894.89 (Table 3).  Although 

installing another photovoltaic array would be pricey, most of the expenses would be covered by 

outside sources.      

 

 

 There are many benefits to installing a photovoltaic array.  The Commonwealth Solar 

program estimated that the output of the Library Shelving Facility’s array would be “equivalent to 

planting 76 trees a year11”.  In addition to a positive impact on the environment, renewable energy 

garners the attention of influential members of the community.  People like State Senator Downing 

and State Representative Bosley recognized the importance of the dedication “of Williams College to 

renewable energy, environmental stewardship, and the education of young people about clean 

energy technology12.”  But I do not think Williams College is doing nearly enough.   

 Williams College truly has a difficult decision to make.  It can continue to pollute the 

environment by using dirty energy, or it can invest in clean energy, even if this means waiting 

over twenty years before there is a return on its investment.  In this day and age, impression is 

everything.  While peer institutions are leading the way in green innovation, spending countless 

dollars in order to make their goal of carbon reduction a reality, Williams College continues to 

                                                            
11 http://iberkshires.com/story/27712/Williams-Improves-Energy-Consumption-with-Solar-Power.html.  Justin 
Saldo.  Content Last Updated 6/10/08.  Visited 5/3/09.   
12 Commonwealth Solar Monthly Report.  Source: David Dethier.   

http://iberkshires.com/story/27712/Williams-Improves-Energy-Consumption-with-Solar-Power.html
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plan many projects, without spending the necessary money to put these plans into production.  

As a result, I conclude that it is time that Williams College frees itself from its cautious nature, 

and joins the pack of green leaders by investing in solar energy, even if this means monetary 

losses in the short-run.   
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