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The associated spreadsheet is intended to make and display estimates of annual local CO2 
production.  Broadly it includes CO2 produced in heating homes, residential use of electricity, 
operating and heating commercial and industrial establishments, and transportation.  
 
Because the focus is on local energy use that we have direct control over, this analysis does not 
include the CO2 costs to manufacture and ship goods manufactured elsewhere but consumed 
locally, nor the CO2 cost of long-distance travel by Town residents.  It does include the CO2 cost 
of producing goods locally that are consumed or used elsewhere.   
 
At a large scale, the main finding of this analysis is that no one energy-using activity dominates 
our CO2 production:  home heating accounts for an estimated 19.3% of CO2 production, 
commercial/industrial heating and operations account for 23.2%, other uses of electricity 
account for 23.1% (mostly in the commercial sector), and transportation accounts for 34.4%.  
Since no one activity dominates, efforts to reduce CO2 production to or near zero must address 
multiple sectors.   
 
Compared to the rest of Addison County or to Vermont as a whole, Middlebury’s CO2 
production is more heavily concentrated in the commercial/industrial sector.  This makes sense 
since Middlebury has a vigorous entrepreneurial sector and is the location of Middlebury 
College, Porter Hospital and associated medical enterprises, two large retirement communities, 
a nursing home, and two secondary schools that serve surrounding towns as well as 
Middlebury.  Middlebury College is treated as commercial/industrial, even though it includes 
dormitories housing approximately 2000 students, and so are parts of the retirement facilities.  
The Town contains numerous industrial enterprises which extract and crush rock and gravel, 
build pre-fab houses, and make cheese, apple cider, beer, roasted coffee, whiskey, and various 
pewter and wood products.  Larger farms are also treated as commercial/industrial customers.  
 
Electricity consumption in Middlebury over the period 2012-2017 is shown in the graph below, 
with separate lines for residential and commercial/industrial consumption.   Residential electric 
CO2 production is essentially flat throughout the period.  Commercial/industrial CO2 production 
attributable to electrical rose slowly 2012-2016 and then fell in 2017.  Natural gas distribution 
began in 2017, and both residential and commercial/industrial CO2 production attributable to 
burning natural gas rose in 2018 compared to 2017.  CO2 production from 
commercial/industrial use of natural gas is almost twice as high in 2017 as production from 
electricity use.   
 



 
 
Methods 
 
The percentage estimates are based on available data for recent years, but not always exactly 
the same time period.  For example, the home heating estimates are averages from the 
American Community Survey (run by the US Census Bureau) for the period 2011-2015, while 
the electricity consumption data from Green Mountain Power are for 2017.   In 2011-2015, 
piped natural gas had not yet come to Middlebury, so no houses were heated with natural gas.  
The ACS data also say that an estimated 22 homes in Addison County are heated directly with 
solar energy, but none of them are in Middlebury.   
 
There are many solar photovoltaic energy systems in use in the Town.  The systems on 
individual homes and buildings are accounted for in this analysis by reductions in sales of 
electricity by Green Mountain Power (GMP) to those customers, which shows up in town-wide 
totals.  If these rooftop systems were not in place, GMP would be selling more electricity in our 
community.   
 
By contrast, the electricity production of large solar and wind arrays that sell energy to the 
utility company is accounted for in the carbon intensity of the electricity that GMP distributes in 
its entire service area.   For 2015-2016, GMP said that it releases 400 pounds of CO2 per 
megawatt-hour of electricity distributed.  Solar, wind and hydroelectric installations that sell 
power to GMP lower this figure (which may currently be closer to zero).  For comparison, the 
pooled New England carbon intensity is around 1000 pounds of CO2 per MWh.  
 
Counts of homes by home heating source are from households sampled by and responding to 
the US Census Bureau’s American Community Survey (ACS).  The Addison County Regional 
Planning Commission converted number of households to number of BTUs of energy needed to 
heat those houses.   I then applied conversion factors for each heating source, from BTUs to 
pounds of CO2: 117 per million BTU for natural gas, 139 for propane, 161 for fuel oil, 210 for 
coal, 120 for wood, and 0 for solar.  I used a value of 120 pounds CO2 per million BTU for 
households listed as having “other” fuel source.  For homes heated with electricity, I converted 
BTUs to MWh, and then applied a carbon intensity of 400 pounds of CO2 per MWh.   
 
The Addison Co Regional Planning Commission used a value of 0.725 billion BTUs of energy use 
per commercial establishment.  I multiplied the number of commercial establishments (based 
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on the US Census) by 0.725 billion BTUs to get total BTUs for operations of commercial 
establishments.  I then used a value of 150 pounds of CO2 per million BTU (intermediate 
between the values for propane and for fuel oil) to estimate CO2 production.  As businesses 
switch from propane or fuel oil to natural gas (which produces 117 pounds of CO2 per million 
BTU), this average carbon intensity will come down somewhat. 
 
Amounts of electricity consumed by residential and by commercial customers served by GMP 
were supplied by Efficiency Vermont.  The residential MWh total has been reduced by the 
number of MWh of electricity used for home heating, so as not to count electrical home 
heating twice.  This adjusted total usage by residential customers and by commercial customers 
was multiplied by 400 pounds of CO2 per MWh to get estimates of CO2 released.  As GMP’s 
carbon intensity decreases, this amount of CO2 released will also decrease further.   
 
Addison Co Planning Commission staff estimated the annual number of gallons of gasoline used 
in privately owned cars using ACS estimates of the total number of passenger vehicles owned 
by Middlebury households and the average amount of gasoline used per Vermont vehicle 
(derived from the average number of miles traveled per vehicle and the average fuel efficiency 
of passenger vehicles in Vermont).  I multiplied total gallons of gasoline by 18.95 pounds of CO2 
per gallon to obtain an estimated amount of CO2 released by vehicles associated with 
Middlebury households. For the state as a whole, one-quarter as much diesel fuel is used as 
gasoline, so I estimated Middlebury diesel use as one-quarter of gasoline use, and then 
multiplied total gallons of diesel by 22.38 pounds of CO2 per gallon of diesel to obtain estimated 
CO2 released.   Finally, I estimated gasoline use by commercial vehicles as 10% of household 
vehicle use, and multiplied the resulting number of gallons of gasoline by 18.95 to obtain an 
estimate of CO2 released by these vehicles.    
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Home heating (2011-2015)   

Fuel type Tons of CO2, annual 
% of all 
CO2 

   

Natural gas 0 0.0 

Propane 4,448 4.7 

Electricity 762 0.8 

Fuel oil 11,130 11.8 

Coal 0 0.0 

Wood 1,560 1.7 

Solar heat 0 0.0 

other 240 0.3 

   

Total home heating 18,140 19.3 

   

Commercial establishments, thermal 21,804 23.2 

   

Middlebury Electricity consumption 2017   

Commercial and industrial electric MwH 18,613 19.8 

Residential minus home heating 3,087 3.3 

Electricity Total 21,700 23.1 

   

Privately owned vehicles (gasoline)(2011-2015) 23,203 24.7 

Diesel fuel consumption estimated as 1/4 of 
gasoline consumption  6,851 7.3 

Estimate commercial vehicles that burn 
gasoline, as 10% of privately owned vehicle 
gasoline consumption 2,320 2.5 

Transportation total 32,374 34.4 

   

Grand total 94,018 100.0 

   

Population of Middlebury 2018 8744.0  
Tons of CO2 per capita 10.8  

 


	Middlebury (town) estimated annual CO2 production for ~2015-2016
	Richard Hopkins, for Middlebury Energy Committee
	Methods

