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Introduction: 

 The future of liquid fuels throughout the world is one filled with much speculation and 

volatility. For years Williams College has been reliant on liquid fuels for its heating but to become a 

more sustainable campus and fulfill our goals of reducing carbon emissions, the College needs to 

consider alternatives to liquid fuels as they have many drawbacks. First they are obviously not 

renewable or sustainable as the reserves of liquid fuels will eventually run out someday and there 

are varying opinions as to when that will actually happen. Thus this makes it important to decrease 

our reliance on these fuels in the future. Liquid fuels are also large emissions producers and thus do 

not align with our goals of reducing emissions at the College. Finally the cost of these fuels along 

with natural gas is variable and subject to many fluctuations and uncertainty, which causes many 

problems in terms of budgeting for fuel purchases and future planning. A renewable energy source 

could work towards solving all three of these problems.  

 For my project I have decided to discuss and examine the liquid fuel use by the College and 

look at some possibilities of implementing more renewable and sustainable energy sources such as 

biomass, biofuels, or even fuel additives. The ability of the College to lessen its reliance on these 

liquid fuels is crucial in attempting to meet its emissions goals along with decreasing its carbon 

footprint. What I hope to uncover is ways in which the College can fuel future generations in a more 

sustainable way. While I do not expect changes to occur immediately, as changes in the fuel use are 

no small feat and will take many years, there will be a need for boiler replacements and new 

equipment in the next few years that will provide an opportunity for Williams to possibly 

implement these renewable technologies. 

 First, I will give an overview of the current policies of the College to reduce its emissions 

and costs due to fuel use and then take a look at some more renewable alternatives for the future. 

Then I will specifically look at the use of biomass technologies that burn wood for central heating at 
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Middlebury, Colby, and Bennington College, and show how the experiences of those colleges can 

help Williams consider implementing a similar biomass plant in the next 10 years when we will 

need to replace one or two of our current boilers. I will then discuss the possible uses of biofuels 

such as B20 and how they could potentially apply to Williams both within individual building 

boilers and potentially our fleet of vehicles at the College. Finally I will also investigate the use of 

additives to try and decrease our fuel use while at the same time decreasing our carbon emissions.  

 Recently, biomass has become a key alternative fuel source for colleges looking to decrease 

their reliance on fossil fuels as an abundance of new biomass facilities have been built and while the 

technology does have its drawbacks, it is definitely worth a look for Williams. Instead of relying on 

fuel, biomass facilities use wood chips as a fuel source to generate heat. Biomass has become 

popular both because the cost of the comparative amount of wood chips needed to produce the same 

amount of energy as fossil fuels is significantly lower, it reduces the dependence on foreign oil and 

there are some greenhouse gas reductions. While the initial costs of setting up a biomass facility are 

high, the long-run costs of switching fuels can be cost-effective because if  “oil costs $2 per gallon 

and wood chips costs $50 per ton, substituting wood for oil could reduce heating costs by about 

61%” (Mustachio, 2012). As long as wood remains cheap compared to fossil fuels this will continue 

being the case and wood is also not subject to the uncertainty and variability of fossil fuels and 

natural gas. Biomass technology is claimed to be carbon neutral but this fact has come up for debate 

in the past few years as burning wood does release carbon into the atmosphere. The idea is that if 

the wood chips come from sustainable forestry operations then the carbon released will be recycled 

and used by trees and thus the new tree growth will offset the carbon emissions (Mustachio, 2012). 

This point is debatable, as most biomass plants do not know for certain where their wood chips are 

coming from and if they are sustainably farmed. Even with a potential biomass facility, some liquid 

fuel will be needed as a backup source to meet peak demands that the wood chips have trouble with 
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but on the whole the amount of liquid fuels would be drastically less. Thus with potential long-run 

cost benefits and carbon reductions, biomass facilities have the potential to be an economic and 

environmentally effective alternative to fossil fuels but uncertainty still persists as to how much 

benefit they really have.  

 

Setting: 

 In January 2007, Williams College made a pledge to reduce its greenhouse gas emissions to 

10% below the 1990-1991 by the year 2020. The target for this goal is thus 19,500 metric tonnes of 

total carbon emissions for the entire campus (Utility Master Plan, 2011). This is an important step 

for the College as not only does it give them an exact goal to hit but it also shows their commitment 

to sustainability. Since the heating and electrical uses of the College make up a large percentage of 

this number, facilities has been conscious about cutting carbon emissions wherever it sees an 

opportunity. Transportation and other activities at the College make up for about 2,500 tonnes 

annually so the target for fuel and electric use is 17,000 tonnes of carbon emissions. In 2010, the 

carbon emissions for this sector were 20,650 tonnes, so over the next 9 years, the College needs to 

find a way to reduce carbon emissions by another 3,650 tonnes (Utility Master Plan, 2011). One of 

the main ways to do this is to alter the fuel use at Williams and hopefully some of the 

recommendations in this paper can help the College achieve that reduction in emissions. 

 

 

 Now in terms of fuel use at the College, the main use is at the Heating Plant, which 

obviously provides heating and some electricity to the campus through burning mostly natural gas 

with #6 fuel oil as the backup fuel. The Central Heating Plant has been around since the early 1900s 

and ran off of coal up until 1969 when it switched to residual oil. The next big switch came in 2007 
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when the College began phasing in natural gas as the primary source and phasing out residual oil, as 

is shown in figure 1 below (Clark, 2013). 

 

 

 

 

 

 

 

  

  

Figure 1: Williams Annual Energy Use 

 

 The Co-Gen Plant supplies approximately 80% of the campus through the use of 3 different 

boilers, two of which are over 40 years old and according to facilities are due for replacement in the 

next five years (Utility Master Plan, 2011). This is a great potential opportunity for the College, as 

they now have five years to plan the purchase of new boilers, thoroughly look at the options and 

hopefully take a long hard look at a biomass gasification system. According to Don Clark in 

facilities, the College has looked at the possibility of biomass and will look to it again in the future 

as the technology begins to evolve and become cheaper and more reliable. For the other 20% of 

campus, the buildings have individual boilers that run on either natural gas or #2 oil. These boilers 

are not as efficient as the Co-Gen plant and many are due for replacement. According to Don Clark, 

there has been talk of a second Co-Gen facility to replace these boilers and to also provide summer 

steam, which would increase the efficiency of the entire campus. This could also be a possibility for 
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a biomass facility in the next few years. The Co-Gen plant today accounts for over 60% of the 

campus emissions and its fuel costs are over 33% of the College’s utility budget (Clark, 2013). On 

account of this, the College is keen to possibilities of reducing fuel use and carbon emissions and 

has been constantly keeping its eye out for more economic and environmentally friendly 

technologies.  

 

 

 

 

 

 

 

 

 

 

Figure 2: Williams College 2007 Emissions Sources 

Findings: 

One way in which the College hopes to decrease emissions and cost in the next year is by 

switching from #6 oil to #2 oil as a backup to natural gas for the Central Heating Plant. In the 

current contract with Berkshire gas, Williams’ supply of natural gas can be interrupted during 

periods of peak demand, which means that the College has to have a secondary fuel to run the plant 

during the interruptions. Since around 2008 when the College drastically increased its use of natural 

gas as the primary fuel for the heating plant, Williams has burned #6 oil as our secondary source 

(Clark, 2013). Unfortunately there are many problems with storing and using #6 as our backup oil. 
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#6 oil is hard to handle and needs to be constantly maintained at 120 degrees to make sure it flows 

properly and when in use it needs to be heated to 220 degrees which causes extra heat demands and 

costs. Williams College estimates the additional cost for maintaining and heating this fuel for use is 

$36,080 per year (RMF Oil Conversion Consideration, 2012). Also not only are there additional 

costs for #6 fuel but it also has higher carbon emissions compared to #2 oil. #2 fuel oil is a lighter 

fuel, easier to manage, and has 8% lower equivalent carbon emissions that #6 fuel (72.8 kg/mmBtu 

for #2 vs. 78.4 kg/mmBtu for #6) (RMF Oil Conversion Consideration, 2012).  While these are both 

still higher than the emissions for natural gas, which is 52.9 kg/mmBtu, switching to a lower carbon 

emitting fuel as the College’s secondary fuel source provides another incremental step towards 

reaching the College’s goal of reducing our carbon emissions. While the cost of #2 fuel is around 

$19/mmBtu compared to $16/mmBtu for #6 fuel because of the extra costs required to maintain #6, 

the College actually contends that it will save an estimated $13,080 annually while reducing Carbon 

emissions by 234 tonnes (RMF Oil Conversion Consideration, 2012). Thus the switch to #2 fuel in 

the short run could have benefits both economic and environmental for the college and is a good 

first step in trying to reduce the College’s carbon footprint while considering more renewable 

energy sources for the long run.  

Another current project of the College is trying to secure a new contract with Berkshire Gas 

that would provide the College with an uninterrupted supply of natural gas, which would 

significantly reduce the College’s need for excess secondary oil. In 2013, Williams budgeted for 

10,000 mmBtu of #6 fuel oil at $16/mmBtu and 78.4kg/mmBtu of carbon emissions (Clark, 2013). 

This amount of oil would cost $160,000 in 2013 and produce 784 tonnes of carbon emissions. 

According to Don Clark at facilities, with an uninterruptable gas line we could potentially cut the 

amount of #6 oil needed in half and possibly even more thus resulting in annual savings of at least 

$80,000 and 392 tonnes of carbon emissions. Obviously this would be another great step toward 
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reducing our carbon footprint and costs. While this along with the switch to #2 fuel are not 

necessarily steps toward renewable energy, they are short run steps that decrease our reliance on 

liquid fuels while also decreasing our emissions which could lead to an easier transition to biomass 

or biofuels in the next several years.  

 

Biomass 

 Biomass facilities have been popping up all over the Northeast in the past few years as the 

large amount of forested area makes it possible to acquire the daily truckloads of wood chips 

required to run such a facility (Mustacio, 2012). Middlebury, Colby, and Bennington Colleges all 

have fired up their own biomass facilities over the last 5 years and have had a lot of success with 

them. To start, Middlebury recently opened their 12 million dollar, 8,000 square foot biomass 

gasification co-gen plant in which wood chips are superheated until they emit wood-gas where then 

oxygen is added to ignite the gas to produce heat to make steam, which is then distributed 

throughout campus (Middlebury FAQ, 2013). This gasification process is shown in figure 3 in the 

Appendix. Middlebury states a whole list of benefits from this new plant including the reduction of 

12,500 tonnes of carbon emission by eliminating one million gallons of #6 fuel, a carbon neutral 

technology and less dependence on foreign oil and more on renewable energy (Middlebury FAQ, 

2013). The first two benefits here need to be discussed further. Middlebury calculates its emissions 

savings by assuming that the new plant is carbon neutral which as I have discussed earlier is a 

somewhat faulty proposition. They do acknowledge that the burning of biomass releases carbon into 

the atmosphere but say that the carbon released is used up for new tree growth. Now this could 

possibly be the case if Middlebury was growing trees for its wood chips (which it is in the planning 

process of) or knew exactly that its wood chips were coming from a sustainable forest, which they 

do not know for certain because the company they use for woodchips does not provide them with 
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the information (Middlebury FAQ, 2013). Middlebury’s plant uses about 20,000 tons of wood chips 

every year that come in 2-3 truckloads daily. On account of the prices of #6 oil and the wood chips, 

Middlebury estimates its annually saves around $840,000 which results in a payback period of 12 

years and they also mention the large boost to the local economy that they estimate at $800,000 

annually (Middlebury FAQ, 2013). Now obviously this all seems great and should convince 

everyone to invest in a biomass plant but one has to question the carbon neutrality, the efficiency of 

the technology and whether the wood chips are truly a renewable energy source with the massive 

amounts these plants use. Professor Dethier noted that the Middlebury plant has had its share of 

problems such as a fire and in times of repair Middlebury has to continue to burn #6 fuel oil. One 

other aspect to take into account is that there is no natural gas line to Middlebury so Middlebury’s 

only option was to either continue to burn #6, which is more expensive and more carbon heavy than 

natural gas, or switch to a renewable energy. The also applies to the plant in Bennington. In the end 

though, despite these questions, the plant at Middlebury provides a good example for the potential 

of a Biomass plant at Williams.  

 Up at Colby the story is much of the same with their 11.25 million dollar facility. Colby also 

uses a gasification system that is said to produce cleaner emissions and one advantage they have on 

Middlebury is that they know their wood chips are coming from sustainable forest operations within 

a 50 mile radius of the college, limiting the amount of trucking needed (Jacobs, 2012). Colby plans 

to burn around 22,000 wood chips annually to replace 1 million gallons of fuel, estimates carbon 

reductions of more than 9,500 tons, and cost savings of almost 1 million dollars (Jacobs, 2012). 

Thus much like Middlebury the news is positive surrounding Colby’s facility but since they only 

launched their plant a year ago, it is still in its early stages. 

 So if two other NESCAC schools can build biomass facilities to provide for the majority of 

their heating and some of their electricity why can’t Williams. First of all, both Vermont and Maine 
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do not have access to natural gas so while the other schools are choosing between dirty and high 

priced residual oil and biomass, the decision is slightly easier than when Williams is choosing 

between a natural gas system and a biomass gasification system. When discussing the idea with 

Don Clark of facilities he referred me to a large investigation Williams did about the possibilities of 

biomass and they concluded that it was an option for the future when the political climate calmed 

down and when the technology was more evolved and proven.  

 At Williams there are two distinct possibilities for a biomass facility in the future. The first 

is when the two boilers in the current heating plant need to be replaced in the next five years, the 

College could expand the plant and make it suitable for biomass gasification as is shown in Figure 5 

in the Appendix. The second option is creating a biomass facility as the second Co-Gen facility. 

While the advantages of carbon reductions and the burning of wood are obvious, Williams found 

several disadvantages such as a 13 million dollar cost, sourcing of the wood chips and 2 truckloads 

a day, and plant operators having to learn a new technology (Utility Master Plan, 2011). In the 

spring of 2009, Williams student Martin Rios attempted to calculate out the savings for Williams 

from switching to a biomass facility from the current natural gas plant. In assuming that one ton of 

wood chips is equivalent to 9,120 cubic feet of natural gas and that the Williams facility was to use 

10,000 tons of wood chips in a year, he concludes that Williams would reduce its carbon emissions 

by around 5,300 tonnes per year (Rios, 2009). While this assumes the carbon neutrality of a biomass 

plant, this number seems reasonable compared to the numbers given by Middlebury and Colby. 

Also using the price of natural gas as $11.48/mmBtu and the price of wood chips as $57/ton, both of 

which are a little high compared to today’s prices, Rios estimates the College could have mean 

savings over $400,000 annually (Rios, 2009). While these numbers might be slightly different today 

due to changes in prices, they seem to be a good foundation of how a possible biomass facility 

would help Williams. The administration would most likely try and deflate these numbers slightly 
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but even with deflation they still show real benefits to the school even though with a potential $13 

million dollar facility and only $400,000 of savings per year, the payback period would be over 30 

years. Thus the College would have to think long and hard about whether the long economic 

payback would be worth the potential reduction in carbon emissions and the environmental 

statement that would go along with a new biomass plant.  

 

Biofuels 

 One other process Williams could attempt to copy from Middlebury is their use of biofuels 

particularly B20 in all campus boilers that are not connected to the central heating plant. According 

to the Middlebury website “in 2008-2009 Middlebury used 156,306 gallons of B20, a mixture of #2 

fuel oil with 20% vegetable oil, and over the last 3 years, Middlebury’s use of B20 fuel averaged to 

147,000 gallons annually” (Middlebury Biofuels, 2013). Comparatively in 2011-2012, Williams 

used 54,645 gallons of B10 biodiesel, which is a mixture of #2 fuel oil with 10% vegetable oil 

(Williams Historical Fuel Data). So not only does Williams use about a third less biofuel than 

Middlebury but also uses a blend that has a greater oil content and thus has higher emissions.  

Biodiesel fuel in general has lower carbon emissions and is more environmentally friendly 

than fossil fuels. B10 and B20 in particular have relevant applications to Williams as they can run in 

most individual boilers without any significant changes. The carbon emission factor for B20 is 

59.44 kg/mmBtu, which is actually higher than the carbon emission factor for natural gas, which is 

52.9 kg/mmBtu (EIA, 2011). This poses an interesting scenario as biofuels are publicized as a more 

renewable energy source because they are a combination of vegetable oil and fuel but the carbon 

emissions and costs are lower for natural gas. Williams estimates that the costs of biofuels are 

between $12 and $15 per mmBtu, which is significantly higher than the price of natural gas at $10 

per mmBtu (Utility Master Plan, 2011). Just like Middlebury, Williams has individual boilers in the 
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buildings that are not connected to the heating plant. Of these boilers about half are natural gas 

boilers and half are boilers that burn #2 fuel. The oil boilers annually use around 6,510 mmBtu of 

#2 fuel and produce around 474 tonnes of carbon emissions (Utility Master Plan, 2011). Thus using 

the price of $19/mmBtu for #2 oil that the Williams Utility Master Plan gives, the fuel for these oil 

boilers costs annually around $123,690. By switching these boilers over to natural gas the college, I 

estimate the College would save $58,590 and reduce emissions by 129 tonnes. This would be 

another good step that combines both economic and environmental incentives. The difference 

between Middlebury’s situation and Williams’ is that Williams has access to supplies of natural gas 

where Middlebury does not, so biofuels are the cleanest and most cost effective solution for 

Middlebury while natural gas is more suitable for Williams. So while Middlebury can promote 

themselves as a sustainable user of biofuels, Williams can use the lower carbon emitting and 

cheaper natural gas to achieve greater a decrease in our carbon footprint than Middlebury. The one 

issue with this is with the potential volatility of natural gas prices but since biodiesel consists mostly 

of fuel oil, it is also subject to volatility of prices. As long as natural gas prices remain lower than 

B20 prices, Williams should attempt to convert all of the individual #2 oil boilers to natural gas to 

not only reduce emissions but also costs. 

One other important aspect of biodiesel is that it is hard to acquire. According to Don Clark, 

the College was purchasing B10 from a company in New York but then they could not get it last 

year so the acquisition of a constant amount of biodiesel is difficult. Thus Don said even if he could 

acquire biodiesel he would not do so because of the volatility of acquiring it. If someday it became 

economical and cost-effective to purchase biodiesel for the boilers, Williams could also use it to run 

some of the diesel vehicles in their fleet but right now, according to Tim Reisler in facilities, 

Williams would need many other uses for biodiesel to make it economical to store and pump it. 

While biodiesel remains an interesting alternative fuel source, it seems to be in the best interest of 
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the College to try and utilize more natural gas in its individual boilers.  

 

Additives 

Finally one other alternative is putting fuel additives in our fuel mix that would hopefully 

increase our efficiency and lower our emissions. One successful additive is called MazOil and it is 

about to get mandated throughout China. Maz increases the burn rate of the fuel, which leads to 

greater efficiency, significant fuel saving, and lower emissions. They have experienced strong fuel 

savings in boilers as shown in figure 6 in the appendix – 12.5% to 18.5% fuel savings (Maz, 2013). 

This is especially relevant to Williams as this type of additive could be mixed with the current fuel 

load in our boilers both in the Co-Gen plant and in the individual building boilers to provide 

increased efficiency and lower emissions. Maz states that the “fuel saving is more than sufficient to 

pay off the cost of using Maz (Maz, 2013). Now one has to take this with a grain of salt because it is 

on the company webpage but they do have significant testing to back this up. While they do not list 

any specific numbers on how much Maz reduces carbon emissions, they do state that Maz will give 

fuel savings of 7% to 42% depending on the system, thus that alone will work to decrease emissions 

because less fuel is used overall (Maz, 2013). They also have variations for all the different fuels 

that the College is using and thus would be a strong possibility for the College to help lower costs 

and emissions. Whether this technology is truly green is up for debate because it is not necessarily a 

renewable energy but when added to the fuel it does decrease fuel use and decrease emissions. It is 

not yet available for commercial use but if the College were somehow able to attain an additive like 

this, it would most likely benefit from increased fuel savings, decreased overall costs of fuel, and 

fewer emissions.  
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Conclusion: 

 As shown, fuel use at Williams College is an important issue not only because of its 

environmental effects but also its economic effects on the College. When discussing the 

implementation of a new technology, the College must balance its goals of attempting to lower 

emissions, lower costs, and think about the reliability and sustainability of the technology. The 

College is currently making great steps in switching to #2 fuel and attempting to negotiate an 

uninterruptible natural gas deal, both of which will decrease the College’s emissions and cost. There 

is also the potential to switch the old building boilers that run on oil to natural gas instead of 

biodiesel as the natural gas is actually cheaper and emits less carbon. The College could also 

purchase an additive to put in their fuel load, which would hopefully increase the efficiency and 

allow Williams to use less fuel. Also in the next couple years, when the heating plant boilers need to 

be replaced, the College will need to make a decision about whether they see the benefits of 

constructing a new biomass facility. While the question of carbon neutrality is unknown, such a 

biomass facility still would reduce carbon emissions and decrease Williams’ dependence on foreign 

oil while at the same time making a statement about Williams’ commitment to sustainability. It will 

be interesting to watch the future of fuel at Williams over the next several years as no one knows 

when liquid fuels and natural gas prices may skyrocket and push us towards a new alternative fuel 

source. Williams needs to continue considering these possibilities and as technologies improve in 

the next few years, they may become more appealing. I know I am confident after seeing the work 

of facilities that there are aware of and always looking for ways to decrease Williams’ carbon 

footprint and fuel costs.   
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Appendix 

 
Figure 3: Biomass Gasification System 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4: Middlebury Biomass Facility 
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Figure 5: Future Gasification Plant Layout 
 
 
 
 
 

 
Figure 6: MazOil Additive Savings 

 
 

 
 


