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Introduction 
 

This greenhouse gas (GHG) inventory report was created to estimate GHG 

emissions occurring within Addison County, for use by town energy committees and 

planning commissions, the Addison County Regional Planning Commission and 

interested members of the public. Only when emissions are tracked locally, using local 

data, can the community implement and monitor the success of targeted and informed 

programs to reduce these emissions. When community emissions are reported on a 

regular basis, for example every few years, a community can directly track its progress.  

This report describes an estimate for the greenhouse gas emissions released by 

Addison County for the year 2017. We accounted for emissions of the three 

greenhouse gasses that have the most climate impact for American communities: 

carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O). Addison County was the 

boundary of the inventory -- including the towns of Addison, Bridport, Bristol, 

Cornwall, Ferrisburgh, Goshen, Granville, Hancock, Leicester, Lincoln, Middlebury, 

Monkton, New Haven, Orwell, Panton, Ripton, Salisbury, Shoreham, Starksboro, 

Vergennes, Waltham, Weybridge, and Whiting. Local data were used, rather than state 

or regional data, wherever possible. Data are displayed for 2017, the most recent year 

for which all the needed data sources were complete. Future reports will be able to 

include data from more recent years, and to show trends over time. 

Four major sectors account for the vast majority of GHG emissions: buildings, 

transportation, waste, and agriculture. These emissions result from electricity 

consumption, fuel combustion, landfill deposits, wastewater treatment processes, 

raising livestock and managing soil. This inventory does not include emissions from air 

travel nor upstream emissions of goods made elsewhere but consumed in Addison 

County, and does not consider carbon sequestration or GHG releases from Addison 

County forests or from farm land. 

Almost all of the following values are estimates, which may have some degree of 

random or systematic error. As long as methods are consistent in future years, it will 

be possible to track changes in how much the county emits relative to this baseline.  

The inventory follows the latest community inventory protocol published by Local 

Government for Sustainability (known as ICLEI), which is widely used. The methods 
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outlined in the protocol were followed as closely as possible.1 The full ICLEI protocol 

has five steps:  

 

1. Inventory GHG Emissions 

2. Establish Reduction Target 

3. Develop Climate Action Plan 

4. Implement Policies and Measures 

5. Monitor and Verify Results 

 

When steps 2, 3 and 4 have been completed, this inventory can be repeated in step 5 

to see where and if reduction progress has been achieved.  

 

A description of the methods used can be found here, and a list of the data 

sources used can be found here.  

 

Some comments on limitations and scope 

 

This inventory estimates 2017 GHG emissions in Addison County. It does not 

attempt to measure the benefit of measures already taken or currently underway to 

reduce greenhouse gas emissions by various entities. As similar inventories are 

repeated in future years, observations of improvement or lack of improvement in 

various components of Addison County’s overall GHG releases should prompt more 

detailed investigations and analyses to understand the causes of those changes. The 

inventory does not itself suggest specific actions to be taken, but local people and 

organizations can use the findings to identify domains where interventions are likely to 

have the greatest impact. The difficulty, cost and likely impact of the interventions are 

beyond the scope of this inventory.    

Following the guidance of the ICLEI protocol, we count the GHGs emitted when we 

make things (beer, cider, milk products, wood products and so on) locally that are used 

elsewhere; and we do not count the GHGs emitted elsewhere to make the things we 

use here (embedded emissions). If every community follows this approach, then 

 

 
1 See Methods section in Appendix 
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communities where cars are manufactured are responsible for the GHGs emitted 

locally to assemble the cars, and places where the steel is made that goes into the cars 

account for the GHGs produced there to make the steel.  Taking this approach we can 

directly monitor local progress, or lack of progress, in emitting GHGs.  

Consumption choices made here do affect national and global GHG 

emissions.  Getting data on the embedded GHG of everything consumed locally, and 

monitoring changes in the total amount of embedded GHG over time, would be 

daunting.   

We do count GHG emissions occurring outside the county that result from the 

production elsewhere of electricity used here, and also emissions that result from 

disposal of our solid waste in a distant landfill. Following ICLEI, we do not count fugitive 

methane emissions from the extraction, processing and transport of natural gas, which 

could properly be counted where they occur, and in any case are of disputed 

magnitude.  If we did count them, estimated GHG emissions from natural gas would 

approximately double. 

This inventory looks at GHG emissions in several broad categories: 

transportation, electricity, natural gas, propane, fuel oil, wastewater, solid waste, and 

agriculture. This edition of the inventory does not systematically separate industrial 

from commercial activities that generate GHGs, but this would be in scope for future 

inventories.  

 

Executive Summary 

 
In 2017, Addison County released an estimated 742,720 metric tons of carbon 

dioxide equivalent (MTCO₂e). (Emissions of methane and nitrous oxide are converted 

into the equivalent amounts of CO2 in terms of global warming impact so they can be 

compared to CO2 emissions and to each other.  Gram for gram, methane is a much 

more potent GHG than CO2 by a factor of 28, even though it does not last as long in the 

atmosphere.) The largest source of Addison County emissions was agricultural 

activities, at 303,000 MTCO₂e, followed by transportation (gasoline and diesel), at 

202,000 MTCO₂e, and heating fuels at 157,000 MTCO2e. Agriculture is such a large 

source of emissions because the county is home to many dairy farms and other 
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farming operations, with about a quarter of the state’s cattle living within the county, 

and many of these operations are sources of methane.2 At the state level, by 

comparison, transportation is the highest emitting sector.3 Reflecting its status as one 

of Vermont’s most productive agricultural counties, Addison County had a higher 

percentage of its GHG emissions from agriculture than the state as a whole (40.8% 

versus 12.2%). A comprehensive approach to GHG reduction will need to address 

transportation, building heat, and agriculture. 

 

Estimated GHG Emissions totals by sector, 
Addison County VT, 2017 
  

 

Sector Emissions 
(mTCO2e) 

Percent of total 
emissions 

Electricity                24,000  3.2% 

Natural Gas                25,500  3.4% 

Delivered fuels (propane, kerosene, fuel 
oil) 

             157,000  21.1% 

Wood                10,600  1.4% 

Motor gasoline and diesel              202,000  27.2% 

Wastewater                18,160  2.4% 

Solid waste                  2,460  0.3% 

Agriculture              303,000  40.8% 

Total              742,720  100.0% 

 

 

 
2https://www.nass.usda.gov/Publications/AgCensus/2017/Full_Report/Volume_1,_Chapter_2_County_Level/Vermont/st
50_2_0011_0011.pdf 
3 https://dec.vermont.gov/sites/dec/files/aqc/climate-
change/documents/_Vermont_Greenhouse_Gas_Emissions_Inventory_and_Forecast_1990-2016.pdf p. 11 

https://www.nass.usda.gov/Publications/AgCensus/2017/Full_Report/Volume_1,_Chapter_2_County_Level/Vermont/st50_2_0011_0011.pdf
https://www.nass.usda.gov/Publications/AgCensus/2017/Full_Report/Volume_1,_Chapter_2_County_Level/Vermont/st50_2_0011_0011.pdf
https://dec.vermont.gov/sites/dec/files/aqc/climate-change/documents/_Vermont_Greenhouse_Gas_Emissions_Inventory_and_Forecast_1990-2016.pdf
https://dec.vermont.gov/sites/dec/files/aqc/climate-change/documents/_Vermont_Greenhouse_Gas_Emissions_Inventory_and_Forecast_1990-2016.pdf
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Addison County had an estimated population of 36,776 in 2017, with 14,701 

households and 19,872 employed persons.4,7 The county’s per capita emissions are 

estimated at 21.0 metric tons of carbon dioxide equivalent, while in 2016 Vermont’s 

value was 15.6 metric tons5 and the U.S. value was 20 metric tons6.  Vermont’s value 

was the highest among the New England states plus New York6.  These estimates are 

made by different groups using various methods and may not be strictly comparable. 

The fact that this inventory’s results are similar to those for the state and nation is 

 

 
4 https://www.healthvermont.gov/sites/default/files/documents/pdf/STAT_2017_Population_Estimates_Bulletin.pdf  
5 https://dec.vermont.gov/sites/dec/files/aqc/climate-
change/documents/_Vermont_Greenhouse_Gas_Emissions_Inventory_and_Forecast_1990-2016.pdf 
6 https://www.epa.gov/sites/production/files/2018-01/documents/2018_complete_report.pdf 

Electricity
3%

Natural Gas
4%

Delivered fuels 
(propane, 

kerosene, fuel oil)
21%

Wood
1%

Motor gasoline 
and diesel

27%

Wastewater
3%

Solid waste…

Agriculture
41%

GHG EMISSIONS IN METRIC TONS OF CO2-
EQUIVALENT, 2017

https://www.healthvermont.gov/sites/default/files/documents/pdf/STAT_2017_Population_Estimates_Bulletin.pdf
https://dec.vermont.gov/sites/dec/files/aqc/climate-change/documents/_Vermont_Greenhouse_Gas_Emissions_Inventory_and_Forecast_1990-2016.pdf
https://dec.vermont.gov/sites/dec/files/aqc/climate-change/documents/_Vermont_Greenhouse_Gas_Emissions_Inventory_and_Forecast_1990-2016.pdf
https://www.epa.gov/sites/production/files/2018-01/documents/2018_complete_report.pdf
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nonetheless reassuring about the validity of our methods. What is most essential for 

the county is to compare it to itself year by year using consistent methods.   

 

Emissions by Sector 
 

Buildings and Industrial Operations 

 
Buildings and industrial operations account for 29.1% of county emissions, from 

delivered fuels (fuel oil, propane, and kerosene), natural gas, electricity and wood. 

Buildings are responsible for emissions of GHGs when they use energy for lighting, 

heating, and cooling, and to power industrial processes. Direct emissions occur within 

the physical boundary of the county when fuel is combusted on-site. Indirect emissions 

occur when electricity is generated elsewhere and transmitted for use within the 

county.  

Addison County only began to be serviced by Vermont Gas, the local natural gas 

supplier, at the end of 2017.  The company started with several large commercial 

customers and has been steadily adding residential and commercial customers.  

Fugitive methane from extraction and transportation of natural gas is not included 

here, whether in- or out-of-county.  

Addison County residents and businesses receive electricity from Green 

Mountain Power. GMP’s supply of electricity has become less carbon-intensive in 

recent years, consistent with the requirements of Vermont’s Renewable Energy 

Standard, and the company says its electricity is now 94% carbon free and 63% 

renewable.7 The 2018 carbon intensity of GMP’s electricity is 209 pounds of CO₂ per 

MWh of electricity,8 which is about one-third of the carbon intensity value for all 

electricity in New England.9  This carbon intensity is low because GMP receives much of 

its electricity from hydroelectric sources in Quebec, and in 2018 still obtained some 

electricity from nuclear power.  

 

 
7 https://greenmountainpower.com/2020/04/27/fuel-mix/ 
8 GMP, 2020 
9 Table 1-1 https://www.iso-ne.com/static-assets/documents/2019/04/2017_emissions_report.pdf 

https://greenmountainpower.com/2020/04/27/fuel-mix/
https://www.iso-ne.com/static-assets/documents/2019/04/2017_emissions_report.pdf
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2017 Addison County Building Emissions by Source 

Source Residential 
Emissions 
(MTCO₂e) 

Commercial/Industrial 
Emissions (MTCO₂e) 

Total 
Emissions 
(MTCO₂e) 

Percent of 
sector 
emissions 

Electricity 11,700 12,400 24,000 11% 

Natural 
Gas 

222 25,300 25,500 12% 

Propane 32,500 13,100 45,600 21% 

Fuel oil 65,300 43,500 109,000 50% 
Kerosene 2,110 141 2,250 1.0% 

Wood (CH4 
and N2O) 

8,190 2,430 10,600 4.9% 

Total 120,000 96,800 217,000 100% 

 

While the hydroelectric energy is produced with minimal CO2 releases, Hydro-

Québec has been criticized for its displacement of the original inhabitants of the area 

of its reservoirs, habitat destruction, and methane emissions. The amounts of methane 

production are in dispute and there is no generally accepted method to estimate 

current values of these emissions. For this report, methane and nitrous oxide 

emissions were calculated for the 5.4% of its electricity that GMP purchases from the 

New England market, some of which is made by burning fossil fuel.10 The rest of GMP’s 

supply of electricity was assumed to have zero methane and nitrous oxide emissions.  

 Natural gas, fuel oil, propane,  kerosene and wood all emit carbon dioxide, 

methane, and nitrous oxides when combusted. Burning wood for heat is treated in the 

ICLEI protocol as carbon-neutral, because carbon dioxide emissions are considered a 

natural part of the life cycle of wood. Consistent with other greenhouse gas inventories 

and ICLEI protocol, emissions of methane and nitrous oxide were included in GHG 

emissions from wood burned for heat, but CO2 emissions, while shown in the table 

below, were excluded from the total GHG emissions.  

 

 

 
10 GMP, 2020 
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Detailed Wood Emissions 

 

Energy use to heat homes can be tracked over time. The American Community 

Survey, operated by the U.S. Census Bureau, gives five-year annual estimates for 

household heating sources at the county level. For 2013-2017, the majority of homes 

in Addison County were heated with fuel oil and kerosene, followed by propane and 

wood12, as shown in the figure below. The percentage of homes heated with fuel oil 

decreased from 62% to 51% between 2009-2013 and 2013-2017, and the percentages 

heated with propane rose from 18% to 24% and with electricity from 1% to 3%. As 

more cold-climate electric heat pumps are installed, the proportion heated with 

electricity should go up. At the same time, the proportion heated with natural gas will 

go up as some homeowners switch their furnaces from fuel oil and bottled gas to piped 

gas, and some homeowners may switch to advanced wood heat or away from older 

wood stoves. 

 

 

 

 

 

 

 

 

 

 

 

 
11 Included as an information item but not included in total emissions 
12 2013-17 American Community Survey https://www.census.gov/programs-surveys/acs/ 

 

Sector MTCO₂11 MTCH₄ MTN₂O Total MTCO₂e (Methane  
and Nitrous Oxide only) 

Residential 77,133 259.85 3.454 8,191 
Commercial 22,411 75.5 1.003 2,380 

Industrial 2,222 0.76 0.099     48 
Total 101,766  

 
10,619 

Fuel Oil & 
Kerosene

51%

Propane
24%

Wood
20%

Electricity
3%

Natural Gas
1%

Other
1% Solar Heat

0%

Coal
0%

HOUSEHOLD HEATING SOURCES --
2013-17 AMERICAN COMMUNITY SURVEY

https://www.census.gov/programs-surveys/acs/


 

 

11 

 

 

Transportation 
The transportation sector (27.2% of 2017 total) is the second largest contributor 

of emissions in Addison County. It encompasses passenger vehicles (including pickup 

trucks and SUVs), freight and service trucks, freight rail and off-road vehicles. Addison 

County’s only commercial marine vessel, the Ticonderoga Ferry, was excluded due to 

lack of available data. Passenger vehicles emitted 78% of the transportation sector's 

total greenhouse gases.  In mid-2017 there were 41,453 vehicles registered in Addison 

County. 
Transportation Emissions by Source 

 

 

 

 

 

  

 

Motor gasoline and diesel when combusted emit all three of the major 

greenhouse gases. Passenger vehicles include motorcycles, passenger cars, light-duty 

trucks, SUVs,13 and buses. Passenger vehicle estimates are based on total vehicle miles 

travelled and fleet averages for fuel efficiency.14 Medium- and heavy-duty trucks 

comprise the freight and service truck category. The freight rail emissions come from 

line-haul locomotives passing through Addison County on the Vermont Railway freight 

line. Off-road vehicles include those used in construction, agriculture, lawn and garden, 

commercial and industrial, and personal recreation use.  

In 2017, there were an estimated 410.4 million miles driven on roads within 

Addison County.15  

 

 

 
13 Light duty trucks include SUVs, pick-up trucks, vans, and minivans 
14 See Methods section 
15 Highway Performance Monitoring System, VTrans: 
https://vtrans.vermont.gov/sites/aot/files/highway/documents/highway/2017_Extent_and_Travel_Report.pdf 

Source Emissions 
(MTCO₂e) 

Percent of 
sector emissions 

Passenger vehicles 158,000 78% 

Freight & Service trucks 36,800 18% 

Freight rail 181 0.090% 
Off-road vehicles 6,530 3.2% 

Total 202,000 100% 
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Waste 

The waste sector is made up of emissions associated with solid waste and 

wastewater treatment, which together account for 2.7% of 2017 emissions in our 

county. Solid waste emissions occur when waste decomposes in a landfill, emitting 

methane. In 2017, the vast majority of Addison County’s waste passed through 

Addison County Solid Waste Management District’s (ACSWMD) facilities before being 

deposited in a landfill in Coventry, Vermont. Hancock and Granville, lightly populated 

mountain towns which are a part of Addison County but not of ACSWMD, had their 

waste taken to Coventry and to other landfills outside the state. The Coventry landfill 

captures much of the methane emitted at the site and burns it to generate electricity. 

Thus landfill methane emissions are about 85% lower than they would be otherwise. 

The only operating landfill in the inventory year within the county was in Salisbury, and 

it closed in late 2019. 

 

 
Waste Emissions by Source 

Source Emissions 
(MTCO₂e) 

Percent of sector 
emissions 

Solid Waste  2460 14% 
Wastewater 14,560 86% 
Total 18,160 100% 

 

Depending on the process employed, wastewater treatment can emit all three 

of the major greenhouse gases. In Addison County, there are seven general-purpose 

wastewater treatment facilities and two industrial ones. The amount of GHG emissions 

from a wastewater treatment facility depends both on processes used and the volume 

of wastewater treated. The Middlebury facility accounts for about two-thirds of the 

GHG emissions from these facilities, mostly because of busy industrial operations 

located in that town that generate wastewater requiring treatment. Residents of rural 

Addison County use individual on-site septic systems, which release fugitive methane, 

and these are accounted for.  
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Agriculture 

Agriculture was the number one contributor to Addison County’s greenhouse 

gas emissions, at 40.8%. Emissions from agriculture include enteric fermentation, 

manure management and soil practices. Enteric fermentation occurs in the stomachs 

of ruminants like cows and goats when they digest their food. This releases methane 

into the atmosphere. Both methane and nitrous oxide are produced from processes to 

manage livestock manure. Manure management systems could include anaerobic 

lagoons, liquid/slurry systems, daily spread, solid storage, pasture, and deep pit. 

Legumes, crop residues, and synthetic and organic fertilizers are applied to agricultural 

soils, and release methane and nitrous oxide. Liming, the application of limestone to 

soil, releases carbon dioxide.  

 
Agriculture Emissions by Source 

 

 

 

 

 

 

 

 

 

Of these sources, enteric fermentation was the largest contributor to the 

agricultural sector’s emissions, at 60%. It is unknown whether Addison County’s dairy 

and beef cows emit more or less methane per head per year than the national average 

values used in our calculations. 

The estimates for the agricultural sector are quite a bit different from the most 

recent greenhouse gas inventory for neighboring Chittenden County. In 2010, 

agricultural emissions accounted for just 6% of Chittenden County’s total, with 73,000 

MTCO₂e emitted.16 This makes sense as, according to the U.S. Agricultural Census, 

 

 
16 Appendix B https://www.ccrpcvt.org/wp-content/uploads/2016/02/Chittenden-County-Climate-Action-Guide-2014.pdf  

Source Emissions 
(MTCO₂e) 

Percent of sector 
emissions 

Enteric fermentation 183,000 60.0% 
Manure management 38,000 13.0% 

Agricultural soils 77,000 25.0% 

Liming 5,000  1.6% 
Total 303,000           99.6% 

https://www.ccrpcvt.org/wp-content/uploads/2016/02/Chittenden-County-Climate-Action-Guide-2014.pdf
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Addison County was home to 58,906 cattle and calves in 2017,17 while Chittenden 

County had more people and industry but only 10,469 cattle and calves in 2007.18  

Addison County contains about 12% of the state’s farmed land (146,000 acres).  About 

28.5% of the county’s surface area is farmed, as compared to 19.5% for the state as a 

whole. Addison and Franklin Counties are the biggest agricultural producers in the 

state. 

 

Appendices 
 

1. Methods 

 We used  the ICLEI U.S. Community Protocol for the Accounting and Reporting of 

Greenhouse Gas Emissions,19 Version 1.2 in creating this inventory. ICLEI (Local 

Governments for Sustainability) is an international organization that supports and 

educates local governments on sustainable development and establishes common 

methodology for the reporting of greenhouse gas emissions. The protocol contains 

guidance on how to find data on emissions sources, which sources to include, and how 

to calculate emissions from collected data. This report satisfies the first of ICLEI’s Five 

Milestones20 for local governments to act on climate change mitigation. 

 

 The global warming potential values used to convert emissions into 

carbon dioxide equivalents (CO₂e) and seen in Table 7 came from the IPCC’s 2014  Fifth 

Assessment Report (AR5)20. Following ICLEI and IPCC, we use a Greenhouse Warming 

Potential (GWP) of 28 for methane – that is, every gram of methane released into the 

atmosphere is responsible for as much global warming as an estimated 28 grams of 

 

 
17https://www.nass.usda.gov/Publications/AgCensus/2017/Full_Report/Volume_1,_Chapter_2_County_Level/Vermont/st
50_2_0011_0011.pdf  
18https://www.nass.usda.gov/Publications/AgCensus/2012/Full_Report/Volume_1,_Chapter_2_County_Level/Vermont/st
50_2_011_011.pdf  
19 https://icleiusa.org/publications/us-community-protocol/  
20 IPCC, 2014: Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II and III to the Fifth Assessment 
Report of the Intergovernmental Panel on Climate Change [Core Writing Team, R.K. Pachauri and L.A. Meyer (eds.)]. IPCC, 
Geneva, Switzerland, 151 pp. https://www.ipcc.ch/site/assets/uploads/2018/02/SYR_AR5_FINAL_full.pdf  

https://www.nass.usda.gov/Publications/AgCensus/2017/Full_Report/Volume_1,_Chapter_2_County_Level/Vermont/st50_2_0011_0011.pdf
https://www.nass.usda.gov/Publications/AgCensus/2017/Full_Report/Volume_1,_Chapter_2_County_Level/Vermont/st50_2_0011_0011.pdf
https://www.nass.usda.gov/Publications/AgCensus/2012/Full_Report/Volume_1,_Chapter_2_County_Level/Vermont/st50_2_011_011.pdf
https://www.nass.usda.gov/Publications/AgCensus/2012/Full_Report/Volume_1,_Chapter_2_County_Level/Vermont/st50_2_011_011.pdf
https://icleiusa.org/publications/us-community-protocol/
https://www.ipcc.ch/site/assets/uploads/2018/02/SYR_AR5_FINAL_full.pdf
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carbon dioxide. Methane is a much more potent greenhouse gas, gram for gram, but 

lasts a much shorter time in the atmosphere. This GWP of 28 is estimated for 100 years 

of impact. If we instead examined the relative impacts of methane and carbon dioxide 

over just 20 years, the GWP factor would be ~84, and the CO2-equivalent GHG 

emissions would then be two to three times as high for wastewater, solid waste and 

agriculture as those presented here. 

 
IPCC AR5 GWPs 

Global Warming Potentials, 100-year time 
horizon 

CO₂ 1 

CH₄ 28 
N₂O 265 

 

 For building/industrial energy, electricity consumption data were obtained and 

multiplied by an appropriate emissions factor. It was assumed that GMP’s electricity 

not acquired from the New England grid (mostly hydroelectric) had zero methane and 

nitrous oxide emissions, while 2018 eGrid factors for methane and nitrous oxide were 

applied to the 5.4% that is purchased by GMP for its customers from the grid.21  The 

emissions factor of 209 lb CO₂/MWh22 for 2017 was applied to all of the electricity.  

We estimated delivered fuel consumption from the number of gallons sold by 

fuel distributors that had office addresses in Addison County. The Vermont 

Department of Taxes supplied the total number of gallons sold of all three fuels, and 

this was separated into estimated amounts of fuel oil, propane, and kerosene based on 

statewide fractions from the U.S. Energy Information Administration (EIA). Natural gas 

consumption was obtained directly from the vendor and did not have to be estimated. 

Residential wood consumption was estimated by multiplying the fraction of 

households heated with wood in Addison County (as measured in the US Census 

Bureau’s American Community Survey) by the state’s total residential wood 

consumption, which also was obtained from the EIA. Commercial wood consumption 

was estimated by taking the fraction of non-Middlebury College employees in Addison 

 

 
21 eGrid factors for 2017 were not available 
22 GMP, 2020 
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County divided by the number of persons employed in the state and multiplying by the 

state’s commercial wood consumption, from the EIA. This was added to the amount of 

wood Middlebury College consumes to complete the commercial wood consumption 

estimate. The industrial wood consumption was estimated by taking the fraction of 

Vermont employees who are employed in the County multiplied by the state level 

industrial wood consumption. 

 For transportation, passenger vehicle emissions were estimated by taking the 

number of vehicle miles for each combination of vehicle and fuel type, and dividing by 

an estimated fuel economy. These gallons were multiplied by appropriate emissions 

factors depending on the fuel type of vehicle.23 County-specific fuel economy was 

estimated by matching vehicle registrations in the County from the DMV with an EPA 

fuel economy data set.24 Only 11,709 of 38,268 county vehicle registrations were 

matched with fuel economy due to variations in model names, and because the EPA 

fuel economy data set excluded motorcycles and medium and heavy-duty vehicles. 

Passenger vehicles included passenger cars, light duty trucks, motorcycles, and buses. 

Emissions for freight and service trucks were similarly estimated by dividing medium 

and heavy-duty truck VMT by average fuel economies for the source/fuel type 

combination, which came from the EIA’s Annual Energy Outlook,25 and applying 

appropriate emissions factors.26 Freight rail emissions were estimated by taking the 

annual ton-miles of goods moved via rail through Addison County, dividing by an 

average fuel efficiency, and multiplying by appropriate emissions factors. The freight 

traffic was estimated by taking the fraction of rail miles within Addison County27 

multiplied by total state rail traffic.28 Off-road vehicle emissions were estimated using 

the EPA’s NONROAD model, as part of the Motor Vehicle Emission Simulator (MOVES) 

Version 2014b.29 Default data for Addison County that was already in the software was 

 

 
23 https://www.epa.gov/sites/production/files/2018-03/documents/emission-factors_mar_2018_0.pdf  
24 See “Datasets for All Model Years (1984–2021)” https://www.fueleconomy.gov/feg/download.shtml  
25 https://www.eia.gov/outlooks/aeo/data/browser/#/?id=58-AEO2019&sourcekey=0  
26 From ICLEI protocol and https://www.theclimateregistry.org/wp-content/uploads/2017/05/2017-Climate-Registry-
Default-Emission-Factors.pdf  
27 http://vtrans.maps.arcgis.com/apps/webappviewer/index.html?id=642bf4612573475aa15277af0da823fc  
28 https://www.aar.org/wp-content/uploads/2019/05/AAR-State-Rankings-2017.pdf  
29 https://www.epa.gov/moves/latest-version-motor-vehicle-emission-simulator-moves  

https://www.epa.gov/sites/production/files/2018-03/documents/emission-factors_mar_2018_0.pdf
https://www.fueleconomy.gov/feg/download.shtml
https://www.eia.gov/outlooks/aeo/data/browser/#/?id=58-AEO2019&sourcekey=0
https://www.theclimateregistry.org/wp-content/uploads/2017/05/2017-Climate-Registry-Default-Emission-Factors.pdf
https://www.theclimateregistry.org/wp-content/uploads/2017/05/2017-Climate-Registry-Default-Emission-Factors.pdf
http://vtrans.maps.arcgis.com/apps/webappviewer/index.html?id=642bf4612573475aa15277af0da823fc
https://www.aar.org/wp-content/uploads/2019/05/AAR-State-Rankings-2017.pdf
https://www.epa.gov/moves/latest-version-motor-vehicle-emission-simulator-moves


 

 

17 

 

used. Emissions from marine vessels (the Ticonderoga Ferry) were omitted from the 

inventory due to lack of available data.  

 The amount of solid waste deposited to the Coventry landfill was the tons of 

solid waste passing through ACSWMD’s facilities for the inventory year. However, since 

Hancock and Granville’s waste does not pass through the facilities, as they are not a 

part of ACSWMD, their per capita waste was estimated based on the rest of the 

County’s solid waste per capita and added to the total (Hancock and Granville are both 

very small). The latest statewide waste characterization study, from 2018, was used to 

estimate the mass fraction of waste deposited that is associated with methane 

emissions. This was multiplied by appropriate methane emissions factors, and adjusted 

for the fraction of the methane produced by the landfill that is captured and used to 

generate electricity – 85%. For the Salisbury landfill, the first order decay (FOD) model 

was used, in the California ARB Landfill Emissions Tool.30 Data on amount of waste 

deposited, the waste characterization (again based on the 2018 waste characterization 

study) and local weather were input, and emissions were supplied as an output.  

 Wastewater treatment facilities were contacted and asked for various data 

items, depending on the type of facility. Data included the population served, 

biochemical oxygen demand (BOD₅), average total nitrogen discharged per day, and 

whether the facility had significant industrial wastewater inputs. When data was 

unavailable, the population served was used to estimate emissions for the facility. Each 

facility, depending on the type, had its own equation and emissions factors that were 

used to calculate emissions.  

For the agricultural sector, the Agricultural Module of the EPA’s State Inventory 

and Projection Tool (SIT) was used.31 This spreadsheet is made for state-level 

inventories but was used with Addison County level data for ease of calculations and 

depth beyond what was possible with ICLEI’s protocol. Addison County level data used 

included animal populations and crop yields from the U.S. Agricultural Census, the 

amount of fertilizer applied from the Vermont Agency of Food, Agriculture, and 

Markets, and the acreage of cultivated histosols within the county. Liming was 

estimated based on the fraction of Vermont farmland within Addison County, 

 

 
30 https://ww2.arb.ca.gov/resources/documents/landfill-methane-emissions-tool 
31 https://www.epa.gov/statelocalenergy/state-inventory-and-projection-tool  

https://ww2.arb.ca.gov/resources/documents/landfill-methane-emissions-tool
https://www.epa.gov/statelocalenergy/state-inventory-and-projection-tool
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multiplied by state level application of crushed limestone and dolomite. The 

distribution of manure management practices was based on state level data, as local 

manure management distributions were unavailable. We omitted dairy cows on farms 

that have active anaerobic digester systems from our estimates of GHG due to manure 

management, but included them in estimates of enteric fermentation. 

 Raw data, more specific emissions factors, and detailed calculations can be 

found in a google sheet that is accessible by request.32 

 

2. Data Sources 

Data Sources by Sector 

Sector Emissions Source Data needed Data Source 

Building Energy Electricity Total electricity use Efficiency Vermont 

  Natural gas  Total natural gas use  Vermont Gas 

  Delivered fuels (fuel oil, 
propane, kerosene); wood 

Total gallons of delivered fuels 
sold, state wood consumption, 
employees in Vermont, Addison 
County, and Middlebury College 

Department of Taxes, EIA, 
Middlebury College 

Transportation On-road travel (combustion of 
gasoline and diesel in vehicles) 

County-level VMT, average 
county MPG by type of vehicle, 
ton-miles traversed on rail line 
through County 

VTrans, DMV, Federal 
Highway Administration, 
Association of American 
Railroads 

  Off-road travel & equipment 
(combustion of fossil fuels in 
equipment) 

 None 
 

Solid Waste Methane emissions from 
material decomposing in landfills 

Tons of solid waste produced/ 
deposited 

Addison County Solid 
Waste Management 
District, Vermont 
Department of 
Environmental 
Conservation 

Wastewater Methane and nitrous oxide 
emissions in processing 
wastewater in facilities 

Type of system, population 
served, N-load, BOD₅ load 

Wastewater treatment 
facility operators 

 

 
32 Contact Richard Hopkins at hopkinsrs@comcast.net 
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  Fugitive methane emissions 
from septic systems 

BOD₅ load, population using an 
individual, on-site septic tank 

VTUMS 

Agriculture Enteric Fermentation (methane 
and nitrous oxide) 

Animal population U.S. Agricultural Census  

  Manure management (methane 
and nitrous oxide) 

Animal population U.S. Agricultural Census 

  Emissions from fertilizer use and 
liming and crop residue burning 

Quantity of fertilizer used, crop 
yields, amount of limestone 
applied at Vermont state level 

Association of American 
Plant Food Control 
Officials and The Fertilizer 
Institute, U.S. Agricultural 
Census 

 

 

3. GHG Emissions by Source for Select Towns 

We estimated greenhouse gas emissions by source for the four most populated 

jurisdictions in Addison County — Bristol, Ferrisburgh, Middlebury, and the City of 

Vergennes — and for the remainder of Addison County.  

For electricity and natural gas, direct usage was used to calculate emissions. 

Delivered fuels, wood, motor gasoline and diesel, and solid waste emissions were 

estimated by the fraction of Addison County’s population residing within each 

jurisdiction. Wastewater emissions were estimated by adding emissions from any 

wastewater treatment facilities within the town to the emissions from the population 

on on-site septic systems. Agricultural emissions were estimated by multiplying the 

fraction of the Addison County agricultural land area within each town by the County’s 

total agricultural emissions. 

These four jurisdictions together account for 37.7% of this mostly rural county’s 

GHG emissions – Bristol accounts for 6.4%, Ferrisburgh 8.2%, Middlebury 19.2%, and 

Vergennes 3.9%.  
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Bristol 

In 2017, Bristol had an estimated population of 3,892.33 Bristol’s largest source 

of emissions came from motor gasoline and diesel use.  Emissions per capita were 

estimated at 13.0 metric tons of CO2 equivalent. 

 
Bristol Emissions by Source 

Sector Emissions 
(MTCO2e) 

Percent of total 
emissions 

Electricity 1,916 3.9 

Natural Gas 0 0.0 

Propane, 
Kerosene, Fuel oil 

16,615 34.2 

Wood 1,122 2.3 

Gasoline and 
diesel 

21,378 44.0 

Wastewater 487 1.0 

Solid waste 272 0.8 

Agriculture 6996 13.8 

Total 48,786  100 
 

 

 

 

 
33 https://www.healthvermont.gov/sites/default/files/documents/pdf/STAT_2017_Population_Estimates_Bulletin.pdf  

https://www.healthvermont.gov/sites/default/files/documents/pdf/STAT_2017_Population_Estimates_Bulletin.pdf
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Ferrisburgh 

 Ferrisburgh had an estimated population of 2,721 in 2017.34 The largest 

contributor to its emissions was agriculture. Emissions per capita were estimated at 

22.7 metric tons of CO2 equivalent. 

 
Ferrisburgh Emissions by Source 

 

 

 

 

 

 

 

 
34 https://www.healthvermont.gov/sites/default/files/documents/pdf/STAT_2017_Population_Estimates_Bulletin.pdf  

Sector Emissions 
(MTCO2e) 

Percent of total 
emissions 

Electricity 1,797 3.3 

Natural Gas 5 0.01 

Propane, Kerosene, 
Fuel oil 

11,616 21.0 

Wood 784 1.4 

Gasoline and diesel 14,946 27.0 

Wastewater 364 0.7 

Solid waste 190 0.4 

Agriculture 33,117 46.1 

Total 62,819 100 

https://www.healthvermont.gov/sites/default/files/documents/pdf/STAT_2017_Population_Estimates_Bulletin.pdf
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Middlebury 

 Middlebury had an estimated population of 8,598 in 2017.35 Similar to 

Bristol, its largest contributor to emissions was motor gasoline and diesel use. 

Emissions per capita were estimated at 17.1 metric tons of CO2 equivalent. 

 
Middlebury Emissions by Source. 

 

Sector Emissions 
(MTCO2e) 

Percent of total 
emissions 

Electricity 8,696 5.9 

Natural Gas 25,469 17.3 

Propane, Kerosene, 
Fuel oil 

36,706 24.9 

Wood 2,478 1.9 

Gasoline and diesel 47,226 32.0 

Wastewater 10,250 6.8 

Solid waste 832 0.6 

Agriculture 15,873 11.0 

Total 137,365 100 

 

 

 

 

 
35 https://www.healthvermont.gov/sites/default/files/documents/pdf/STAT_2017_Population_Estimates_Bulletin.pdf 

https://www.healthvermont.gov/sites/default/files/documents/pdf/STAT_2017_Population_Estimates_Bulletin.pdf
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City of Vergennes 

 The City of Vergennes had an estimated population of 2,558 in 2017.36 Its largest 

source of emissions was motor gasoline and diesel usage, followed by delivered fuels. 

Emissions per capita were estimated at 11.7 metric tons of CO2 equivalent. 

 
Vergennes Emissions by Source 

 
Sector Emissions 

(MTCO2e) 
Percent of total 
emissions 

Electricity 2,197 7.3 

Natural Gas 19 0.1 

Propane, Kerosene, Fuel oil 10,920 36.3 

Wood 737 2.5 

Gasoline and diesel 14,050 46.6 

Wastewater 952 3.2 

Solid waste 248 0.8 

Agriculture 745 3.3 

Total 29,869 100 

 

 
 

 

 
36 https://www.healthvermont.gov/sites/default/files/documents/pdf/STAT_2017_Population_Estimates_Bulletin.pdf 

https://www.healthvermont.gov/sites/default/files/documents/pdf/STAT_2017_Population_Estimates_Bulletin.pdf


 

 

24 

 

Rest of County 

 The rest of Addison County had an estimated population of 19,007 in 2017. 

Agriculture contributed the most to total greenhouse gas emissions for this area. 

Emissions per capita were estimated at 24.2 metric tons of CO2 equivalent. 

 
Rest of Addison County Emissions by Source 

 

 

 

 

 

 

 

 

 

 

 

 

Sector Emissions 
(MTCO2e) 

Percent of total 
emissions 

Electricity 9,393 2.0 

Natural Gas 8 0.0 

Propane, 
Kerosene, Fuel oil 

81,143 17.5 

Wood 5,478 1.2 

Gasoline and 
diesel 

104,400 22.5 

Wastewater 3,553 0.6 

Solid waste 1,880 0.4 

Agriculture 261,760 55.8 

Total 467,615 100 
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4. Energy Savings Initiatives 

Efficiency Vermont subsidizes various energy efficient technologies for Addison 

County, such as cold climate heat pumps and home weatherization projects. They offer 

these to residential, commercial and industrial customers.  There are an estimated 

14,701 households in Addison County.  In the three years here with data, there were 

1841 residential heat pumps installations with Efficiency Vermont involvement, or 

about 12.5% of households. 

 
Efficiency Vermont Residential Project Counts for Addison Co 

 

 

 

 

 

 

 

 

 

 

Residential Projects 2017 2018 2019 
Total Residential Projects 935 1,533 1,828 

Home Performance with ENERGY 
STAR® Projects 

52 47 44 

Other Weatherization Projects 0 5 18 
Residential New Construction 
Projects 

30 18 6 

Other Selected Measure and Engagement Counts 
 

Home Energy Visits 28 80 31 

Heat Pump Hot Water Heaters 
Installations 

142 164 124 

Cold Climate Heat Pump 
Installations 

519 528 794 

Wood Heating Installations 1 1 68 
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Efficiency Vermont Commercial & Industrial Project Counts for Addison Co 

 

Electric Vehicles in Addison County 

 

 Electric vehicle registrations in Addison County have risen in recent years.37 The 

types of electric vehicles are almost evenly split between all-electric and plug-in 

hybrids, with residents buying slightly more plug-in hybrids.  The 546 electric and plug-

in hybrid vehicles newly registered in Addison County in 2017-2019 were 1.3% of the 

41,453 vehicles registered in the county in mid-2017. 

 
New Electric Vehicle Registrations in Addison Co 

Vehicle Type 2017 2018 2019 

All Electric 53 73 113 
Plug-In Hybrid 79 107 121 

Total 132 180 234 
 

 

 

 

 
37 Efficiency Vermont, 2020 

Commercial & Industrial Projects 2017 2018 2019 

Total Commercial & Industrial 
Customer Served 

1,038 1,044 810 

Total Commercial & Industrial 
Projects 

753 698 518 

Small & Medium Business 
Walkthroughs 

0 8 55 

Cold Climate Heat Pump Installations 1 22 38 
Heat Pump Hot Water Heaters 
Installations 

0 1 2 

Wood Heating Installations 0 0 0 


