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The Climate Economy Action Center (CEAC) works with partners to promote a healthy, 
sustainable local economy. Our mission is to achieve deep reductions in local greenhouse gas 
emissions as a result of community awareness and actions. We are a nonprofit that is dedicated 
to supporting a thriving ecosystem of people, businesses and institutions in our rural area. 
 
CEAC’s overarching goal for Addison County, from the Addison County Climate Action 
Plan https://ceacac.org/climate-action-planning/, is:  
 
Reduce community-wide Greenhouse Gas (GHG) emissions by 50% below 2017 
levels by 2030. 
 
Most of our needed actions are driven by these statements: 

 

 
A key strategy to reach this goal is:  No new fossil-fuel machines, vehicles, boilers, or 
equipment.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Electrify everything 
Decarbonize the electricity 
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Executive Summary 
 
Estimated Addison County greenhouse gas (GHG) emissions in 2020 were 694,000 tons of 
CO2-equivalent (CO2e), up 3.2% from 672,000 tons in 2017.  
 
We are burning up globally and we are not making measurable progress toward our local 
community-wide 2030 goal of a 50% reduction below 2017 levels. We now need to decrease 
our Addison County emissions by 358,000 tons, or almost 45,000 tons per year, to reach the 
goal of 336,000 tons in 2030. 
 
As in 2017, the major sources of CO2e emissions in Addison County in 2020 were agriculture, 
building heat (propane, fuel oil, natural gas, and wood), and vehicles.  See graphic below.  
Agriculture is prominent in our county’s emissions because it is the major industry in the 
county. 
 
In 2020, GHG releases attributable to vehicles were down compared to 2017, while those 
attributable to building heat had increased. Both these changes, also observed elsewhere, are 
thought to be due to lockdowns and other restrictions put in place due to COVID-19 – people 
drove less and spent more time at home with the heat on.  We do not know yet to what extent 
these changes have been sustained in 2021 and into 2022.  
 
GHG releases attributable to electricity generation are down because Green Mountain Power 
has progressively been increasing the proportion of zero-carbon and renewable electricity in its 
portfolio.  
 
Slight decreases in agricultural emissions are attributable to reductions in the numbers of 
animals on farms and of acres farmed.  
 
Wherever possible, we followed the recommendations of the Intergovernmental Panel on 
Climate Change (IPCC) and US Environmental Protection Agency (EPA), as implemented in 
protocols published by the International Council for Local Environmental Initiatives (ICLEI). 
However, we provide selected alternative or supplemental analyses: for example, using a 20-
year time horizon for methane emissions, rather than a 100-year horizon; including fugitive 
emissions of methane associated with natural gas extraction, processing and distribution; 
counting wood burning as fully or only partially renewable; and the adoption of various 
agricultural practices intended to reduce GHG emissions. 
 



CEAC-- Greenhouse Gas Inventory for Addison Co 2017 and 2020, November 2022 4 

 
 
Big Picture 
 
Over the past 125 years, the annual total of 65-degree heating degree-days for the western 
climate division of Vermont has trended downwards, from about 8500 in the early 1900s to 
about 7500 currently. (Each day with a temperature average of less than 65 degrees F 
contributes a number of degree-days equal to the difference between that average and 65). 
There is a downward inflection point in about 1990. There is a similar pattern, in reverse, for 
annual total of cooling degree-days. Average annual temperature has risen from ~41 F around 
the year 1900 to ~45 F currently. 
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Purpose of document – intended audience and hoped-for uses 
 
This document is intended to provide actionable information related to options for reducing 
GHG emissions. It is intended for audiences including: the general public; homeowners and 
owners of rental properties; contractors and builders (general construction, HVAC, electrical, 
solar); town selectboards and energy committees; the Addison County Regional Planning 
Commission and its Energy Committee; and persons in charge of buildings, enterprises and 
organizations such as schools, churches, businesses, farms, and industrial facilities.  
 
We intend that the analyses presented here will help motivate, direct, and support necessary 
change in our county. As this greenhouse gas (GHG) inventory is repeated every two years 
going forward, we will increasingly be able to document where we have made progress and 
where we still have the most work to do.  
 
Put simply, we need to replace every aging piece of fossil-fuel equipment (cars, trucks, buses, 
building heating, construction, industrial, and agricultural equipment, and so on) with its 
electric equivalent -- as it needs replacement or before.  Reducing energy use through 
efficiency and conservation will make the needed changes more affordable and provide 
immediate GHG benefits but cannot be the whole solution by itself. Change will result from 
literally thousands of individual decisions by people in our county. Those decisions can and will 
be supported by large-scale policy decisions made elsewhere (like rebates or subsidies for 
electric vehicles or heat pumps, improvements to the electric transmission grid, or a Clean Heat 
Standard for buildings), but the decisions are essential at a local level. The effect of those 
decisions will be visible in successive editions of this inventory. 
 
Scope  
 
The main focus of this document is on releases of carbon dioxide (CO2) and methane (CH4), the 
two most common and most potent components of our GHG emissions. Where appropriate we 
have also estimated releases of nitrous oxide (N2O).  
 
With three exceptions, this is a source-based analysis, rather than consumption-based. This 
means that we account for GHG emissions occurring in our county from heating our homes and 
buildings, operating our businesses and farms, driving our vehicles, and so on. We do not 
account for emissions that occurred in the process of making or transporting the goods, food or 
services that we consume, where those emissions occurred elsewhere. Those emissions would 
be counted in source-based emissions inventories for the places where the emissions occurred, 
and we would not want to double-count them.  
 
If we carried out a consumption-based inventory for our county, we would count GHG 
emissions occurring elsewhere to make and transport things consumed here.  We would 
similarly need to not count all the emissions that occur here to make goods that are consumed 
elsewhere – and that would be counted in other places’ consumption-based inventories. Such 
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products for our county would include milk products, lime rock, lumber, various bottled 
beverages, and others.  
 
If every state did both a consumption-based and a source-based inventory, the total of all 50 
consumption-based inventories should be the same as the sum of all 50 consumption-based 
inventories (except for edge effects related to international imports and exports). It is often 
believed that if we accounted for emissions related to consumption of products made 
elsewhere, our total emissions would be larger than for a source-based inventory, and that this 
would be more accurate. But for the reasons just described, a consumption-based inventory for 
our county would not necessarily produce a higher result than a source-based one.  
 
The three exceptions, where we took a consumption-based approach, are: 
 

n As in the state’s GHG inventory, we count the emissions occurring elsewhere to make 
electricity consumed in our county. We would miss most of our electricity-related GHG 
emissions if we counted only emissions from electricity generation in our county or 
state. Some hydroelectric power is made in Addison County from hydroelectric plants in 
Middlebury, Weybridge, Vergennes and Salisbury, but the amount of power produced is 
small compared to what we use.  

n As for electricity, we account for certain out-of-area emissions related to natural gas. 
We count fugitive emissions occurring in the extraction, processing, and transportation 
of the gas from its point of extraction to its users in Vermont. This is not a full life-cycle 
analysis. We have not estimated fugitive emissions related to gasoline, diesel fuel, fuel 
oil, or propane, which are thought to be smaller than for natural gas. It was important to 
account fully for the GHG impact of natural gas use because it has been advocated for 
by some as a transition fuel on the way to a carbon-free economy. 

n We account for methane and other GHG gases released from the solid waste landfill 
located in the Vermont town of Coventry, to which almost all of our county’s solid waste 
is transported for disposal.  

 
We have not attempted to carry out a thorough Land Use, Land Use Change, and Forestry 
analysis for our county, though we have estimated increases in soil carbon attributable to 
selected farming practices, and used US EPA estimates for annual return of carbon dioxide 
equivalents to agricultural soil. 
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Methods and data sources.  
 
This is a high-level overview – more detailed methods are in an Appendix. 
 
The data presented here are for calendar year 2020, unless otherwise specified.  We updated 
our methods in several ways compared to the 2017 Addison County GHG inventory, issued in 
late 2020. We recalculated our values for 2017 using our new methods, so the data presented 
for 2017 won’t necessarily match between the two reports.  
 
Because the major COVID-19 lockdown response began in March, 2020, energy use changed 
dramatically in many categories in that year.  While some changes in energy use patterns, and 
thus GHG emissions, would likely have occurred between 2017 and 2020 in the absence of a 
pandemic, the changes attributable to the pandemic response are so striking that other 
changes in energy use patterns, if they exist, cannot be identified clearly. When 2022 data are 
analyzed we will be able to tell to what extent the changes seen in 2020 are long-lasting.  
 
For several of the elements of the Inventory, we also show results of an alternative calculation. 
We have attempted to learn from the State of Vermont’s inventory, and the work done by the 
Vermont Climate Council, and we follow their methods wherever we can. Use caution in 
comparing our results to state GHG emissions inventory totals. 
  
For example, some have advocated use of a 20-year time period for the Global Warming 
Potential (GWP) of methane, rather than the more generally-used 100-year period. We used 
the 100-year period in our analysis but also show the increased impact that using the 20-year 
period would have on our analyses. The GWP is a multiplier that reflects how much more 
damaging a non-CO2 greenhouse gas is (methane, nitrous oxide, and others), gram for gram, 
than CO2 itself. It turns releases of those other gases into CO2-equivalents (CO2e). 
 
Similarly, the generally accepted approach to accounting for the GHG impact of burning wood 
for heat is to account for it as part of a landscape and land-use change analysis of the amount 
of carbon annually sequestered or lost in our forest systems, rather than directly accounting for 
emissions from the amount of wood burned. As we do not have access to a sufficiently detailed 
and localized landscape analysis, we do show the direct GHG emissions from wood burned for 
heat as an alternative analysis.  
 
The general strategy is to count how many units of some activity there were in calendar year 
2020, and then multiply the number of such units by an emission factor (based on research, 
chemistry and experience) that relates each of those units to an amount of greenhouse gas 
release. If the greenhouse gas released is methane or nitrous oxide, a further conversion is 
made to express the releases as amounts of CO2e.  
 
For electricity, the amount of electricity distributed in Addison County by Green Mountain 
Power (GMP), our sole provider, was provided by that company, through Efficiency Vermont. 
The carbon intensity of the electricity supplied to our area by Green Mountain Power continues 
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to fall. An observed decline in greenhouse gas emissions from electricity in our county can be 
attributed almost entirely to cleaner electricity distributed by GMP, rather than to reductions in 
electricity use.   
 
GMP reports their mix of fuels both before and after adjusting for Renewable Energy 
Certificates (RECs).  We calculated a carbon intensity for each megawatt-hour (MWh) of GMP’s 
electricity based on the mix of fuels they report, without any adjustments for RECs. This 
included values for hydroelectric power and for power purchased from the New England grid 
(see appendix for details). We also accounted for energy lost within-state in transmission lines. 
We did a sensitivity analysis in which we also included small but non-zero values for electricity 
produced from various renewable sources, reflecting life-cycle analyses summarized by the 
IPCC. 
 
The amount of natural gas distributed in Addison County was provided by Vermont Gas System 
(VGS), our sole provider. We calculated emissions of CO2-equivalents by multiplying the 
estimated amount of CO2e released by a factor that reflected a combination of CO2 releases at 
the burner tip with an estimated 1.4% loss of methane during extraction, processing and long-
distance transmission of the natural gas. We used a 100-year perspective for converting 
amounts of methane released to CO2e, but also showed the 20-year perspective.   
 
For wood burned for heat, we acquired data about amounts of wood pellets and cord wood 
used in our county from sources detailed in the appendix. We calculated GHG impacts directly 
for nitrous oxide (N2O) and methane released by burning these wood products, and included 
them in our totals. We also estimated CO2 releases from burning wood for heat, and show them 
to provide additional information, but do not include the full value in the total.  We do not have 
access to specific estimates of the impact of such wood burning on the carbon stored in our 
forests. We do observe that the long-term and current trend for carbon stored in our Vermont 
forests is upward, though the rate of increase is tapering off in recent years. In an alternative 
analysis we do not treat wood as 100% renewable like solar energy, nor as 0% renewable like 
fuel oil, but rather as partially renewable (as forests grow back), with a biological Global 
Warming Potential (GWPbio) of 0.35 – each pound of CO2 released by burning wood is treated as 
the equivalent of 0.35 pounds of carbon dioxide released from fossil fuels. 
 
For delivered fuels (principally propane and fuel oil), we obtained the amounts sold by Addison 
County dealers from the Vermont Department of Taxation. We then applied appropriate 
multipliers to obtain tons of CO2 released by burning those amounts of fuel. We were unable to 
account for fuel deliveries across county lines, either in or out. 
 
For cars and trucks, we estimated the number of vehicle-miles driven for each weight class in 
Addison County, from data supplied by the Vermont Department of Transportation. We 
estimated the statewide miles-per-gallon associated with each weight class (details in 
appendix), assuming that the distribution of fuel efficiency for Addison County vehicles was not 
different from that for the state as a whole (except for a larger proportion of electric vehicles). 
Multiplying these two numbers gave us a number of gallons of gasoline or diesel burned for 
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each weight class. This number is in term multiplied by a known factor of amount of CO2 
produced per gallon of fuel burned. Since our method relies on vehicle-miles traveled on roads, 
it does not account for off-road uses of gasoline and diesel, such as for construction, farming 
and forest operations, and recreation. 
 
For farming operations, we obtained the number of acres of crop-land being farmed in Addison 
County, and the number of livestock of various kinds, from the Vermont Agency for Agriculture, 
Food and Markets. The US EPA’s State Inventory Tool (SIT) (Environmental Protection 
Administration 2022) contains consensus multipliers for northeastern states for various kinds of 
releases from ruminants’ stomachs, manure management, and application of manure to crop 
land. We entered Addison County’s numbers of livestock into the SIT to get estimates of CO2-
equivalents released by those practices. For the five Addison County dairy farms served by 
anaerobic digestion of their animals’ manure, we subtracted their animals from the number 
used for manure-related calculations. We used a related US EPA tool, the Local Greenhouse Gas 
Inventory Tool (EPA 2022), to estimate releases associated with fertilizer use. 
 
We display separately our estimates of sources of CO2e related to farming, and EPA-estimated 
sinks related to agricultural soils. We also show 2017 estimates for sequestration due to cover-
cropping and low- and no-till practices, and demonstrate the possible impact of changes in 
dairy cow feeding to reduce enteric fermentation releases. 
 
We obtained the number of tons of solid waste taken from Addison Co to the Coventry landfill 
from the Addison County Solid Waste Management District.  We used standard estimates of 
how much methane is released by each ton of solid waste in landfills, and reduced it to reflect 
the large percentage of methane from that landfill that is captured and used to generate 
electricity distributed by the Washington Electric Cooperative. 
 
Releases of non-CO2 GHG are accounted for both from the five community sewage treatment 
plants in the county, and from individual on-site sewage disposal systems.  Following ICLEI 
recommendations, we do not account for CO2 releases from treatment plants because these 
would occur from the human waste stream regardless of whether the waste is treated, or how. 
 
The population of Addison County is very stable (36,825 in 2017 and 36,945 in 2020), so we 
have not needed to account for population change in assessing energy use and GHG 
production. 
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Results 
 
Estimated total GHG emissions in 2020 were 694,000 tons of CO2-equivalent (CO2e). This is an 
increase of 21,000 tons, or 3.1%, from the 2017 value of 673,000 tons. 
 
As in 2017, the major sources of emissions in Addison County in 2020 were agriculture, building 
heat (delivered fuels, natural gas, and wood), and vehicles.  
 
In 2020, GHG releases attributable to vehicles were down compared to 2017, while those 
attributable to building heat had increased. Both these changes, also observed elsewhere, are 
thought to be due to lockdowns and other restrictions put in place due to COVID-19 – people 
drove less and spent more time at home with the heat on.  It is unknown at this time whether 
either or both of these changes have been sustained locally.  
 
GHG releases attributable to electricity are down because Green Mountain Power has, as 
required by Vermont’s Renewable Energy Standard, progressively been increasing the zero-
carbon and renewable components of the electricity it distributes.  
 
Small decreases in agricultural emissions are attributable to reductions in the numbers of 
animals on farms and the numbers of acres farmed. The agricultural sector remains the leading 
sector for GHG releases in our mostly rural county. We estimated increases in soil carbon 
attributable to cover-cropping and low-till practices, and to soil carbon flux more generally, 
totalling about 27,000 tons of CO2e per year (not shown).  The negative bars to the right side of 
the graphic show estimated annual soil sequestration of CO2e by farmlands in Addison County, 
based on our share of statewide sequestration as estimated by US EPA. 
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The Global Warming Potential for methane/natural gas based on a 20-year lifetime for its 
release, rather than a 100-year perspective, would be 84 rather than 28. The graph below  
shows the difference in emissions using this alternative GWP. Note the different vertical scale. 
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A. Buildings and electricity 

 
In this section, we estimate GHG releases from use of electricity, natural gas, delivered fuels 
(fuel oil and propane) and wood. Most of the fuel is used for heating buildings, but some also 
for industrial processes.  Electric vehicle (EV) charging is included in the electricity total, and will 
need to be accounted for separately in future as the number of EVs grows. 
 
Annual consumption of electricity has been essentially stable over the period 2016-2021, 
though 2021 is the highest year in that time period. From the point of view of preventing 
climate change, we want (1) people and businesses to use energy more efficiently – which 
would result in falling total electricity use – and (2) more electric vehicles and more cold-
climate heat pumps for building heat -- which would result in rising electricity use. We also 
want (3) our utilities to continue to make their electricity more carbon-free and (4) more and 
more local generation of renewable energy (as from solar arrays on homes and buildings) – 
both of which will reduce GHG emissions even further, for any given amount of electricity use. 
As those transitions happen, we expect the net effect will be an increase in electricity use, a 
decrease in gasoline, diesel, propane, fuel oil and natural gas use, and a decrease in greenhouse 
gas emissions. 
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Consistent with Vermont’s Renewable Energy Standard (RES), our electric utility, Green 
Mountain Power (GMP), has been steadily increasing the carbon-free and renewable energy 
content of the electricity it delivers in our region, resulting in a falling carbon intensity. GMP 
reports that its electricity produced 292 pounds of CO2 per megawatt-hour (MWh) in 2016, 
falling to zero in 2020 after accounting for purchases and sales of Renewable Energy Credits 
(RECs). We have used data published by GMP to calculate a pre-REC value for carbon intensity 
in 2020 of 48.8 pounds per MWh.  For 2017 we used GMP’s published value of 209 pounds per 
MWh.  
 
Following the state of Vermont’s practice, we assigned values of zero to electricity produced 
from solar, wind, or nuclear installations, and from burning wood. See Appendix A for 
calculation details.  
 
When we added estimates of GHG emissions associated with solar, wind, wood and nuclear 
electricity production, and did not account for the buying or selling of Renewable Energy 
Credits (RECs), our estimate for GMP’s carbon intensity increased from 48.8 to 80.7 pounds 
CO2e/MWh. This is, however, still lower than the 2020 United States average electricity carbon 
intensity of about 800 pounds/MWh, the 2020 New England average of about 650 pounds per 
MWh, or GMP’s reported value of 292 for 2016.  
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When we apply a steadily decreasing carbon intensity to fairly stable electricity consumption 
values, we get a steadily decreasing estimated release of CO2-equivalents from electricity use in 
our county. 
 

 
 
 
When wood is considered entirely renewable, as it is in Vermont’s greenhouse gas inventory, 
then only CO2e emissions from methane (CH4) and nitrous oxide (N2O) are counted in the total. 
There is a substantial increase from the earlier to the later period, due to increases in wood use 
(pellets and cordwood combined).  
 
 
 

 
 
When we count the full CO2 released from burning wood for heat, not treating it as renewable 
at all, we get much larger values. 
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When we apply our preferred biological global warming potential (GWPbio) of 0.35 to CO2 
releases from burning wood for heat, the CO2e declines by about 2/3, as expected. This GWPbio 
value reflects the fact that immediately after the wood is burned, it contributes a pulse of CO2 
to the atmosphere, which gradually gets reabsorbed as the forest regrows over a period of 
years.  This is the value used in our county-level totals. Middlebury College’s use of wood 
products – for heat and electricity – is large compared to county totals.  
 

 
 
 
Natural gas only became available for customers in Addison County in 2017. Several large 
industrial users were first served by Vermont Gas System (VGS) that same year, while 
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residential customers have been added more gradually. By far the majority of natural gas 
distributed in Addison County still goes to commercial and industrial customers. From a GHG 
point of view, natural gas is an improvement over fuel oil, propane or coal, but not as good as 
Green Mountain Power’s electricity. VGS is actively working on increasing the renewable 
portion of the gas they deliver to customers, and if in future this portion becomes substantial, 
we will account for it in inventories like this one, as we do for electricity.  
 
As noted in the methods section, we account for fugitive methane releases in the extraction, 
processing and transport of natural gas, no matter where they occur, using an EPA estimate of 
1.4% for the fraction of gas lost to the atmosphere in this way.  We believe this value is 
conservative. With these values, we increase the estimated CO2e of natural gas use by 12.2% 
compared to just the amount of CO2 released by burning the gas at the burner tip.   
 
We use a 100-year value of 28 for the global warming potential (GWP) of methane compared to 
CO2. See appendix for further discussion. If we used a 20-year value, of 84, for the GWP, still 
with a value of 1.4% for fugitive losses, we would increase estimated emissions by almost 42%.  
If we increased the fugitive loss percentage to 2.3% and used a GWP of 84, we would increase 
the estimated CO2e value by over 2/3.  If in future the percentage of truly renewable gas in the 
product distributed by VGS increases substantially, our estimates of CO2e released per CCF of 
gas used will be adjusted downward. 
 

 
 
The amounts of CO2e released each year by burning fuel oil, propane and kerosene (the 
delivered fuels) are 9,7% higher for 2020 (175,000 tons of CO2e) than for 2017 (158,000).  
Overall they show a rising trend during the period 2017 to 2021.  This is in spite of increasing 
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numbers of customers served by competing natural gas in our area, and of installations of heat 
pumps as primary or auxiliary heat sources in many homes and businesses. Some year-to -year 
variability in fuel use may be attributable to colder or less cold weather.  
 

 
 

B. Transportation 
 
Vehicle-miles traveled decreased from 410 million in 2017 to 336 million in 2020, primarily 
because of the lockdowns and other activity limitatios that were part of the public health 
response to the COVID-19 pandemic. Average fuel efficiency for the Addison County vehicle 
fleet also increased slightly (from 22.1 to 23.1 miles per gallon), as would be expected from the 
national implementation of the Corporate Average Fuel Economy (CAFÉ) standards that 
mandate increases in vehicle fuel efficiency.  There are also increasing number of electric and 
plug-in hybrid vehicles on the road. Among approximately 20,000 registered vehicles in Addison 
County, the number of plug-in hybrid vehicles increased from 69 in 2017 to 170 in 2020, and 
the number of battery electric vehicles increased from 45 to 210 in the same period.  
 
The net effect of reduced VMT and a more efficient fleet of vehicles is a 22.5% reduction in 
estimated CO2e releases by registered vehicles in our county, from 192,500 tons in 2017 to 
150,100 in 2020. It remains to be seen if this reduction has been sustained with lifting of most 
COVID restrictions in 2021. 
 
As noted in our methods section, this analysis does not account for gasoline and diesel fuel 
used in off-road vehicles (construction, farming, forestry, or recreational) or in boats or 
airplanes.  
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C. Agriculture 
 
Results from 2017 (258,000 tons of CO2e) and 2020 (257,000 tons) are very similar to each 
other for Addison County GHG releases, because the number of animals and acreage farmed 
are very similar.  Enteric fermentation – the release of methane from the stomachs of 
ruminants like cows and sheep – still accounts for two-thirds (68%)  of the estimated releases, 
with disposal of manure (19%) and releases attributable to fertilizer use (13%) accounting for 
the rest. GHGs attributable to fertilizer use have increased because estimated fertilizer use has 
increased. 
 
To maintain consistency with other sectors we used a GWP of 28, the 100-year perspective, for 
methane releases related to agriculture. We used the US EPA State Inventory Tool to calculate 
the amount of methane released, and then applied a GWP of 28. If we took a 20-year 
perspective, with a GWP of 84, then estimated CO2e from agriculture would more than double, 
from 257,000 to approximately 700,000 tons per year.  
 
Hypothetically, if we assumed that half of dairy cows received a modified diet that reduced 
their methane production from enteric fermentation by half, then methane production from 
enteric fermentation would be reduced by one-quarter, and the total emissions from farms 
would be reduced from 257,000 metric tons of CO2e to 213,000, or 17.7%. Such an intervention 
is not currently available, to our understanding, but may be in a few years. 
 
The 2017 USDA Census of Agriculture showed that Addison County’s farms totaled 170,000 
acres, of which 63% or 107,000 acres were cropland. Of this, 10,788 acres, were managed with 
a cover crop, 8,834 acres were managed with no tillage, and 9,232 were managed with reduced 
tillage. All of these acreages are much larger than in the previous census in 2012. We used the 
COMET Planner software tool provided by the US Department of Agriculture to estimate that 
cover-cropping, with 25% fertilizer nitrogen reduction, reduced releases by 675 tons of CO2e. 
Similarly, managing 8834 acres with no-till practices instead of intensive till reduced yearly 
releases by 4267 tons of CO2e, and managing 9232 acres with reduced-till practices reduced 
yearly releases by 1893 tons. Taken together, these practices reduced CO2e emissions by an 
estimated 6837 tons in 2017. This amounts to 2.7% of our estimated releases in the agricultural 
sector -- from 257,000 to about 250,000 tons. The 2022 USDA Agricultural Census is currently in 
data collection phase. When it is complete, we should be able to make similar estimates for 
2022. 
 
Changes in dairy cows’ diets, legume cover cropping, and no- or low-till farming are not the only 
changes that farmers have made or could make that would reduce their GHG emissions while 
meeting other management objectives on their farms, but these are currently the most widely 
used. 
 
We did not attempt to use the entire US EPA State Inventory and Projection Tool’s Land Use, 
Land Use Change and Forestry (LULUCF) module, but we did access its estimates of annual 
agricultural soil carbon flux for Vermont. Over the past thirty-two years these estimates range 
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from 85,000 to 250,000 tons of CO2e sequestered per year. Annual values peaked in the early 
2000s and have since fallen to about 100,000 to 150,000 per year for the state. In 2017 Addison 
County farms accounted for about 14% of Vermont’s farmland, so we estimate that 14% of the 
142,000 tons of CO2e sequestered in agricultural soils that year was in Addison County, or close 
to 20,000 tons. As the statewide value was only 101,000 tons in 2020, the Addison County value 
would be just over 14,000 tons.  
 
 
 

 
 
Increases in CO2e attributable to fertilizer use are driven by reported increases in farmers’ 
fertilizer use.  
 
 

D. Wastewater and solid waste 
 
The small change between 2017 and 2020 in GHG emissions related to solid waste disposal is 
attributable to change in the tonnage of waste sent to the Coventry landfill. 
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Similarly, volumes of wastewater are essentially unchanged from 2017 to 2020, and thus GHG 
emissions remain stable. 
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Appendix -- Methods and sources 
 

A. General 
 
In producing an Addison County greenhouse gas inventory, we sought to employ methods that 
would allow us to most effectively account for greenhouse gas emissions within the local 
context of our county. We primarily followed the ICLEI Protocol (ICLEI, 2019) to do so, but when 
necessary employed other methods based on data availability or regional context. The 
equations and tables referenced here are from the ICLEI protocol unless otherwise specified. An 
Excel spreadsheet contains the data and calculations that underlie this inventory. Further 
details about this workbook are available upon request to CEAC, but we encourage readers to 
examine these appendices for a detailed account of how we arrived at our results. 
 
While there does exist extensive guidance from bodies such as ICLEI, EPA, and IPCC, there still 
are local decisions that must be made to produce a local greenhouse gas inventory, especially 
for a smaller county. A number of methodological decisions were made under the guidance of 
the CEAC Board and are outlined in the ‘choices’ sections of this appendix. While we considered 
each of each of these decisions carefully, CEAC does not claim any of these to be absolute. 
Instead they were deemed the best choice in attempting to create an accurate and useful 
resource.  
 
With this in mind, we have also included alternative results based on other methods in several 
places in the inventory. These supplemental reported values are produced with the intention of 
allowing readers to understand the impact of the decisions we made and of being transparent 
about other possibilities. We encourage readers to consider the alternative calculations and 
these appendices to thoroughly understand the greenhouse gas profile of our county for 
themselves. 
 
Choices 
 
Source vs consumption 
 
An early high-level decision about the inventory was whether to produce a source-based or a 
consumption-based inventory. As discussed in the introduction, this is primarily a source-based 
inventory. 
 
Both source-based and consumption-based inventories are valid and in the end simply provide 
different information. One does not necessarily yield more complete or larger results than the 
other. Across communities, any comparisons must be for the same type of inventory. Source-
based inventories remain more common, and therefore increase our compatibility with other 
inventories. Furthermore, if communities all understand the emissions within their own 
borders, then they can address problem areas within their borders instead of seeking to change 
the practices of other communities.  
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Global Warming Potentials (GWP) 
 
Methods 
 
Our GWP values come from the IPCC Fifth Assessment Report (IPCC, 2014) and are based on a 
100-year time horizon. The various greenhouse gasses are given a value in terms of their carbon 
dioxide equivalent (CO2e). Carbon dioxide has a value of 1 (by definition), 28 for methane, and 
265 for N2O. This means that pound for pound, a release of methane has 28 times as large an 
effect on global warming as a release of CO2.  At the moment of release the effect is over 100 
times as large, but methane is removed from the atmosphere by natural processes over a 
period of 10 to 15 years, and the value of 28 for the GWP100 reflects an average effect over 100 
years. In this inventory we also report results in terms of a 20-year time horizon, where the 
GWP for methane is 84. The choice to use the 100-year time horizon as our primary calculation 
is outlined below, but we believe it is also important to understand our emissions in terms of 
the 20-year time horizon.  
 
Choices 
 
We use IPCC AR5 values for GWP as these are increasingly being used in greenhouse gas 
inventories, replacing slightly different values from the IPCC AR4 report. The Vermont 
Greenhouse Gas Inventory has not yet switched to the IPCC AR5 values. 
 

B. Built Environment 
 

a. Electricity 
 
Methods 
 
We followed the methods outlined in ICLEI BE.2.1 to determine the emissions associated with 
electricity usage in Addison County. Data on annual usage at a county level was provided by the 
Addison County Regional Planning Commission in the form of a report from Efficiency Vermont 
(Efficiency Vermont, 2022). Green Mountain Power (GMP) is the sole electric utility in Addison 
County.  
 
The electricity sector is one exception to our otherwise source-based inventory. Per guidance 
from ICLEI, the Vermont Global Warming Solutions Act and the Vermont GHG Inventory we 
accounted for emissions associated with electricity production and transmission wherever the 
electricity is made.  
 
GMP reports the carbon content of their electricity both with and without accounting for 
Renewable Energy Credits (RECs). RECs separate electricity from the methods employed in 
producing it, and allow entities like GMP to buy and sell the rights to renewable energy. Green 
Mountain Power participates in the REC market, and when they account for the RECs that they 
buy and sell, they report a carbon intensity (pounds of CO2e released per megawatt-hour of 
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electricity distributed) of zero – they release no net GHG to produce the electricity they 
distribute. As is outlined in the choices section, we decided to instead calculate a carbon 
intensity based on the pre-REC mix reported by Green Mountain Power (Green Mountain 
Power, 2020). We differ here from the Vermont Greenhouse Gas Inventory, which uses the 
post-REC mix. 
 
In this mix, there are several methods of electricity generation that can emit greenhouse gases: 
fuel oil, natural gas, methane, wood, hydroelectric and market purchases from the New 
England grid. GMP reports that of the total pre-REC mix, 2.5% of the mix was obtained from 
market purchases, 0.3% from oil and natural gas, 0.6% from methane, and 5.1% from wood. We 
aligned ourselves with the methods employed by the state of Vermont in utilizing factors 
reported by NEPOOL GIS (NEPOOL Generation Information System, 2020).  
 
We assigned carbon intensities for electricity from each of those sources and assumed 
emissions of zero for the remaining sources. For the emissions associated with market 
purchases we used the New England regional value (NEPOOL) of 533 lb CO2 per MWh from US 
EPA’s eGRID database (EPA, 2022). From NEPOOL GIS we assigned values of 526 lb CO2e per 
mWh for electricity generated using oil and natural gas and methane.  
 
In our main analysis , we assigned values of zero for carbon intensity of electricity derived from 
solar, wind and nuclear installations and from burning wood for electricity. In particular we did 
not account for GHGs emitted in the manufacture and construction of the facilities. See section 
on building heat for further discussion of the GHG impact of burning wood – in the sensitivity 
analysis we applied a GWPbio value of .35 to the gross value for CO2 emissions from burning 
wood.  
 
For large hydroelectric facilities, we assigned a value of 76.0 pounds of CO2e per MWh, 
following an analysis by Levasseur et al (2021) of ongoing greenhouse gas emissions from 
operation of Hydro Quebec’s large reservoirs. We assigned a value of 52.9 pounds/MWh for 
electricity produced from smaller hydroelectric plants in Vermont and elsewhere, following 
values in the IPCC AR5 report.  
 
The overall carbon intensity of 48.8 lb CO2e per MWh was calculated by multiplying each of the 
percentages by the corresponding carbon intensity and adding the total. 
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Source 
Portion of 
Mix 

Pounds of 
CO2e 
released 
per MWh 

Pounds of 
CO2e/total 
MWh 
produced 
from this 
source 

    
Large Hydro 25.9% 76.1 19.7 
Existing VT Hydro 8.4% 52.9 4.4 
Market Purchases 2.5% 533.0 13.3 
Nuclear 31.9% 0.0 0.0 
Oil & Natural Gas 0.3% 1,080.3 3.2 
Methane 0.6% 1,080.3 6.5 
Hydro (no RECS or RECs 
sfold) 3.0% 52.9 1.6 
Solar 11.0% 0.0 0.0 
Wind 11.4% 0.0 0.0 
Wood 5.1% 0.0 0.0 
Total 100.1%  48.8 

 
 
 
We then applied equation BE.2.1 to determine the carbon dioxide emissions associated with 
our electricity use. This equation multiplies electricity usage in megawatt hours by the carbon 
intensity we determined and expresses the final result as metric tons. 
 
We also followed BE.4 in accounting for the emissions associated with the electricity lost 
through transmission and distribution (T&D). We used Table 10 in the U.S. Energy Information 
Administration (EIA) Vermont Electricity Profile (EIA, 2020), to determine the T&D loss 
percentage for Vermont. We assume this state value is applicable to the county. Equation 
BE.4.1.1 multiplies our total community electricity use by this state T&D factor and the 
previously determined carbon intensity and then converts the total from pounds to metric tons. 
 
Choices 
 
We accounted for emissions associated with electricity production, even if they occur outside 
of our county or state – as almost all our electricity does.  
 
We used the pre-REC energy mix of Green Mountain Power. While the REC market can be a 
powerful tool in the development of nationwide clean energy production, accounting for REC 
purchases also raises questions about double counting and can artificially relieve the burden of 
significant emissions from communities. Furthermore, ICLEI guidance is to not account for RECs 
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as the inventory purpose is to account for overall emissions associated with a community’s 
actions.  
 
We decided not to account for all life-cycle emissions associated with solar, wind, or nuclear 
electricity production, or from burning wood to produce electricity, in our main analysis. In a 
sensitivity analysis, we accounted for CO2 emissions associated with producing electricity of 
solar (105.8 pounds of CO2e per MWh), wind (24.3), wood (177.5) and nuclear origin (26.5), 
using values from the IPCC AR5 report, and applying a GWPbio of 0.35 to the emissions from 
burning wood to make electricity. The result was an overall carbon intensity of 80.7 pounds of 
CO2e per MWh, compared to 48.8 in the main analysis. 
 

b. Wood burned for heat 
 
Methods 
 
Accounting for the emissions associated with burning wood is an especially contentious topic in 
the production of greenhouse gas inventories.  
 
When wood or wood products are harvested from an existing forest and then burned for heat 
(or electricity production), carbon compounds are transformed from a solid state, in the forest, 
to CO2 gas in the atmosphere. In many circumstances, the forest will grow back and thus move 
the carbon back from atmospheric CO2 to solid carbon compounds. For this reason, it has been 
standard practice in the past to consider wood or woody biomass as a renewable fuel, with no 
net impact on atmospheric CO2 or on climate change. However, the CO2 that is emitted by 
burning the woody biomass does stay in the atmosphere for some years, at gradually 
decreasing concentrations, and contributes to global warming until it is totally removed by new 
growth in the forest. 
 
IPCC’s current guidance is to account for possible losses in stored carbon compounds at a 
landscape level, by measuring changes in the amount of carbon stored in the forests and other 
biomes of a country. Assessing the GHG emissions of burning biomass would then be derived 
from those estimates, rather than by counting how many cords or tons of biomass are burned.  
Such an approach would also need to estimate net import or export of wood products for fuel, 
in or out of Vermont or of Addison County. We currently have available annual estimates of the 
amount of carbon stored in Vermont’s forests, and those amounts are stable to increasing. We 
do not know what those amounts would be doing if wood was not being harvested – for 
lumber, paper, heating fuel, and so on. The amount of forest land is also affected by human 
development for homes, roads, farming, shopping centers, etc., where the removed biomass is 
not replaced at all. 
 
For the purposes of our inventory we decided to include in our main analysis only the methane 
and nitrous oxide emissions associated with the burning of biomass and to leave out the 
associated carbon dioxide emissions, as has been common practice. Discussion of these 
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decisions follows in the choices section below. In a sensitivity analysis we have included the 
estimated CO2released by burning wood for heat, adjusted by our GWPbio of 0.35. 
 
For residential use, the 2018-2019 Vermont Residential Fuel Assessment (Vermont Department 
of Forests, Parks & Recreation, 2019) represents the most current data on county level 
residential wood use, and we use it for the ‘2020’ value. The 2014-2015 iteration of the report 
(Vermont Department of Forests, Parks & Recreation, 2016) was similarly applied to determine 
the ‘2017’ usage. This report outlines consumption of both cordwood and pellet wood. 
Cordwood was provided at a county level, and pellet wood was reported at a state level. We 
estimated pellet use at a county level by estimating what percent of Vermont households are in 
Addison County, and then applying this percentage to the state value for pellet wood use. The 
associated CO2 emissions were calculated from values in Table B.2.  
 
These CO2 emissions were not included in the inventory total, but we have reported them both 
as total CO2 and as CO2 adjusted downward using a GWPbio of 0.35..  
 
Methane and nitrous oxide emissions were calculated using factors found in ICLEI Table B.3. 
Data for commercial and industrial wood use at the county level do not exist, but such data are 
tracked at the state level in the U.S. Energy Information Administration (EIA)’s report (U.S. 
Energy Information Administration, 2022). We calculated the percentage of Vermont’s 
population that resides in Addison County, and we applied this percentage to the statewide 
commercial/industrial wood estimate from EIA to make a county level estimate. From here we 
again utilized ICLEI Tables B.2 and B.3 to estimate greenhouse gas emissions for the commercial 
and residential sectors. 
 
Once we obtained totals for residential, commercial, and industrial wood usage, we were able 
to calculate emissions of CO2 using equation BE.1.1.1, CH4 using equation BE.1.1.3, and N2O 
using equation BE.1.1.5. Each of these calculations involve inputting the amount of wood used, 
multiplying by the appropriate emissions factor, and then converting to metric tons to arrive at 
a total emissions value. The methane and nitrous oxide results, converted to CO2e, were added 
to the total. We also used the GWPbio multiplier of 0.35 to convert the CO2 emitted to CO2e.  
 
Choices 
 
We have reported both the direct carbon dioxide emissions as well as the emissions with the 
application of a GWPbio factor. The intention was to follow recommended practices while also 
giving the reader a sense of the magnitude of the CO2 releases from burning wood for heat.  
 
The GWPbio aims to account for the fact that biogenic CO2 differs from that of fossil fuel CO2, in 
that the amount of CO2 emitted from burning biomass will over time be stored in the new 
biomass that grows in the place of the old. The associated warming potential is lessened, but it 
still exists. The value of a GWPbio factor varies based on the rotation period of the biomass 
harvested, and studies suggest that it typically falls in the range of 0.13-0.62 (Liu, et al., 2017). 
Types of biomass that grow quickly are associated with low values as they quickly sequester the 
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carbon emitted by the burning of the previous growth. Longer rotation periods, as for mature 
trees that may take a long time to grow back or are not replaced at all, are associated with 
higher GWPbio values. In this inventory we chose a GWPbio factor of 0.35, which falls in the low 
to middle of the range of estimated values. 
 
As noted above, available data suggest that the amount of carbon stored in Vermont’s forests 
continues to increase, though not as fast as a few years ago, even as some wood is harvested 
for fuel, lumber and paper and some forest land is converted to other uses (Kosiba AM, 2021) 
What is not yet clear is by how much more this storage would be increasing if we were not 
burning wood for heat, or were burning less.  
 

c. Natural Gas  
 
Methods 
 
Data on natural gas consumption are quite accessible as there is only one provider, Vermont 
Gas Systems. At the burner tip, the primary product of burning natural gas is carbon dioxide. 
Because natural gas can be burned cleanly and efficiently, burning natural gas for heat 
produces less CO2 at the burner tip per unit of heat generated then does burning propane or 
fuel oil. This is why natural gas is often treated as a relatively clean source of energy and has 
been touted as a transition fuel from oil to more fully renewable sources like solar or wind.  
 
However, during the extraction, processing and transportation of natural gas some escapes into 
the atmosphere. This is a result of both intentional venting and leaks. Natural gas is primarily 
methane. There is uncertainty as to the amount of fugitive natural gas that escapes, with the 
EPA suggesting it is 1.4% while more recent studies suggest it may be 2.3% or even higher 
(Alvarez, et al., 2018). We decided to use the EPA’s more conservative estimate (1.4%) in our 
emissions calculations. To accomplish this, we considered the amount of carbon dioxide 
emitted from the burning of a unit of natural gas and added the CO2e produced by the amount 
of fugitive methane emitted to deliver that unit of natural gas. This allowed us to determine a 
new carbon intensity for natural gas usage. We then followed equation BE.1.1.1 and multiplied 
the amount of natural gas consumed in the county by this factor to arrive at a total amount of 
greenhouse gas emissions in terms of CO2e. 
 
Choices 
 
If in future the ‘natural gas’ distributed in our county comes to contain a consequential amount 
of truly renewable non-fossil fuel gases, the amount of CO2 released per unit of gas used will be 
adjusted downward accordingly. 
 

d. Delivered Fuels 
 
Consumption of delivered fuels -- fuel oil, propane, and kerosene -- represents a significant 
portion of emissions in the county. We considered each of these within residential, commercial, 
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and industrial sectors. Unlike natural gas and electricity, these fuels are distributed by many 
vendors, so it is not possible to obtain comprehensive usage data from a single provider.  
 
All of these vendors do, however, collect and remit taxes, so we were able to obtain Vermont 
Department of Taxes data on gallons sold by distributors in Addison County. Fuel sales were 
counted as Addison County sales if the vendor was located in the county. (It is possible that 
distributors from outside the county deliver some fuel to Addison County customers or that 
Addison County distributors may deliver some fuel outside of the county. We assume these 
balance each other out.)  
 
The Department of Taxes tracks the sum in gallons of oil, propane, and kerosene sold taken 
together, and does not report the breakdown for each fuel. Since each of these fuels emits 
somewhat differing levels of greenhouse gases per gallon when burned, we used U.S. Energy 
Information Administration data on state energy consumption (U.S. Energy Information 
Administration, 2022). This report outlined the amount of fuel oil, propane, and kerosene used 
in Vermont in each of the residential, commercial, and industrial sectors. We applied those 
proportions to the total amounts sold in Addison County to obtain breakdowns by fuel type and 
sector. From here we assigned Emissions factors from tables B.1 and B.3 of the ICLEI Protocol 
and applied equations BE.1.1.1, BE.1.1.3, and BE.1.1.5 to determine total greenhouse gas 
emissions. These equations simply multiply fuel use in gallons by the chosen emissions factor 
and convert the units to metric tons. 
 

C. Transportation 
 
Methods 
 
Determine VMT by vehicle class 
 
The Vermont Agency of Transportation (VTrans) releases data on annual vehicle miles traveled 
(AVMT) at the county level (VTrans, 2020). VTrans also releases an Automatic Vehicle 
Classification Report (VTrans, 2021) that includes state-level data on the percentage of those 
vehicle miles traveled by each of thirteen weight classes of vehicles. These classes range from 
motorcycles to two unit six axle trucks. We multiplied these percentages by the county level 
AVMT data to estimate the AVMT of each weight class of vehicle in the county. 
 
Determine fuel efficiency for fleet 
 
The distribution of vehicle types is not collected at the county level, and the individual vehicle 
registration data, while available, is challenging to work with. In order to assign miles-per-gallon 
(MPG) values to each class of vehicle, we assumed that the fuel efficiencies of vehicles that are 
pickup trucks or bigger as well as motorcycles have fuel efficiencies consistent with those 
vehicles in the rest of the country, and therefore general MPG values are assigned to these 
classes of vehicles from data collected by the Federal Highway Administration (Federal Highway 
Administration, 2020).  
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For passenger vehicles, fleet characteristics in our county could differ from those in the state as 
a whole. It was unclear whether a fuel efficiency measure at the state level would apply to the 
county as differences in passenger car characteristics could impact resulting total emissions. 
We obtained access to a Vermont Department of Motor Vehicles (DMV) dataset of registered 
vehicles in Addison County and the same dataset for the state. The weights of these registered 
vehicles are tracked in the form of weight class distinctions, and we were able to compare the 
make up of the state fleet to the Addison County fleet in terms of weight classes. We found 
these to be nearly identical and deemed this to support that fleet MPG for gas- and diesel-
powered vehicles would be the same.  
 
According to this dataset Addison County has a greater portion of all electric vehicles (AEVs) 
and plug-in hybrid vehicles (PHEVs) than the state does. AEVs are included in the AVMT total for 
passenger vehicles but do not contribute gallons of fuel to the total. We treated PHEVs as very 
efficient gas vehicles. We also considered the higher proportion of PHEVs in the county fleet 
versus the state fleet in determining a slightly more efficient county MPG. This was done by 
considering the number of PHEVs in the state and their estimated MPG, computing the state 
total MPG without including the contribution of these PHEVs, and then applying this state total 
MPG for conventional gas cars to the county level in conjunction with the number of PHEVs in 
the county to determine a county fleet MPG. 
 
Calculate resulting emissions 
 
Now with data on VMT by weight class and an MPG value for each class, we applied ICLEI 
method TR.1.B to determine associated emissions. Emissions factors were assigned from Table 
TR.1.6, and using the method described in equation TR.1.B.2 we were able to determine CO2, 
CH4, and N2O emissions. This entails dividing the VMT of a specific class by the fuel efficiency of 
that class to determine the gallons of fuel used and then multiplying by the emissions factor of 
that fuel. This is done for each class of vehicle and for each type of greenhouse gas, and then all 
of the values are converted to tons of CO2e and summed to arrive at a total amount of 
emissions from transportation. 
 
Choices 
 
An alternative way to determine the emissions associated with mobile sources would be to 
obtain data on the total amount of gasoline and diesel sold and assign an emissions factor for 
each to arrive at an emissions total. This is the method typically employed on the national and 
state level, but is not feasible in Vermont at the county level. This is because the Department of 
Taxes only makes available gasoline and diesel sales data by distributor, and the larger 
distributors, who together account for the majority of sales, have retail outlets in many 
counties.  
 
Basing our estimate of GHG emissions on vehicle-miles-travelled and fleet miles-per-gallon, as 
we do, rather than on gasoline and diesel fuel fold, does not include off-road uses of gasoline 
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and diesel fuel. Such uses include fuel for off-road construction, mining, logging and farming 
equipment and vehicles, off-road recreational vehicles (including all-terrain vehicles, dirt bikes 
and snowmobiles), yard maintenance equipment and boats. This gap in our accounting is the 
same for both years of analysis. 
 
D. Agriculture 
 
Methods 
 
The majority of agriculture-related emissions stem from livestock through enteric fermentation 
and manure management, and those calculations are therefore based largely on animal 
population data. The most recent comprehensive county level data were collected by the USDA 
in the 2017 Agricultural Census (USDA, 2017). The 2020-2021 Agricultural Statistics Annual 
Bulletin for New England, published by the USDA, has estimates of total population on a county 
level, but these data are reported as ‘total cattle’ and ‘dairy cattle’ (USDA, 2021), not further 
broken down. We assumed the further breakdown of these cattle for Addison County was the 
same as it was in 2017 to arrive at estimates for 2020.  
 
From here, we utilized the EPA’s State Inventory Tool (SIT) for agriculture to determine 
methane emissions from enteric fermentation. SIT uses a value for the amount of methane 
released per year for various categories of livestock. It uses New England values for Vermont.  
 
In considering emissions from manure management we considered the effect of use of 
anaerobic digesters on manure-related emissions. The AgSTAR Anaerobic Digestor Database 
tracks digestor projects throughout the United States and includes the necessary data to 
determine emissions on farms in which they are employed (EPA, 2022). Currently (2022) there 
are five digesters in Addison County, but in 2017 and 2020 there were only four. We followed 
method A.2.2 in the ICLEI protocol to determine the emissions associated with the manure 
management practices on farms with digesters using equations A.2.1 and A.2.2. Equation A.2.1 
calculates the total CH4 production potential due to manure decomposition of animals on 
farms with digesters. It multiplies the population on the farm by typical animal mass, volatile 
solid production rate, the CH4 producing capacity per pound of manure, and a factor that 
accounts for the CH4 production within farms with anaerobic digester systems. It then includes 
unit conversions to arrive at CH4 produced in terms of kg per year. This is the methane 
production potential, not the methane emissions, which are determined in equation A.2.2, 
which then multiplies the CH4 production potential by a factor that accounts for the anaerobic 
digestion and performs the necessary unit conversions to arrive at metric tons of methane 
produced in a given year. With the emissions from livestock on farms with digestors now 
known, we then subtracted the livestock population utilizing these digesters from the animal 
population totals in order to determine the remaining livestock that were not on farms with 
digesters. We again employed the SIT to determine emissions for the remaining Addison 
County population relating to manure management.  
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To determine the nitrous oxide emissions from fertilizer use, we obtained the relevant data on 
county usage from the Vermont Fertilizer Analysis Report produced by the Vermont Agency of 
Agriculture, Food, and Markets (Vermont Agency of Agriculture, Food, and Markets, 2022). This 
report provides county level totals for fertilizer use as well as a breakdown of type of fertilizer 
at the state level. We applied the state proportion of synthetic versus organic fertilizers to the 
county total in order to estimate a total amount of synthetic and organic fertilizer used in 
Addison County. We then utilized the EPA’s Local Greenhouse Gas Inventory Tool to estimate 
nitrous oxide emissions totals for the county due to fertilizer use (EPA, 2022). From here we 
converted all greenhouse gases to CO2e and added them to arrive at a total GHG emissions 
value for the county. 
 
Choices 
 
In the previous edition of our Addison County Greenhouse Gas Inventory, issued in 2020 and 
covering 2017 data, the agriculture sector accounted for just over 40% of emissions that we 
tallied. For the state as a whole the agriculture sector accounts for about 16% of emissions. The 
higher value in Addison County reflects the fact that our county is much more agricultural than 
most of the state, accounting for over 20% of the value of Vermont’s agricultural activity. This 
concentration of farming activity in Addison County (and also Franklin County) is partly the 
result of the gradual decline of farming in many other parts of the state over the last 70 to 80 
years. 
 
In our earlier analysis we did not subtract, from our tally of agricultural emissions, the amounts 
of carbon that can be sequestered each year in soil as a result of modern farming practices, 
such as no-till farming. The Vermont state inventory also does not quantify such annual 
sequestration. In this report we have used the agricultural carbon flux tables in the Land Use, 
Land Use Change and Forestry module of the US EPA State Inventory Tool (SIT) to estimate 
annual Addison County sequestration amounts for 2017 and 2020. That tool provided state-
wide values. As Addison County has 14% of the state’s total farmland, we took 14% of the 
state’s total as the amount of CO2e sequestered annually in our county. We show this value 
along with the values for agricultural emissions.  The GHG removal from the atmosphere by 
application of a particular practice to a particular field or farm in a particular year is a one-time 
event. The atmospheric removal is permanent, but unless the practice is repeated the next year 
no further carbon is sequestered.  
 
 
As part of implementing the Vermont Global Warming Solutions Act, the Vermont Agency of 
Natural Resources (ANR) has issued a Request for Proposals (RFP) for a contractor to review 
existing quantification tools and necessary datasets for doing this important task. This is an 
indication that the task is difficult. We very much look forward to seeing the results of the 
contractor’s work and will apply it to future iterations of this inventory. Here is some text from 
the introduction to the RFP: 
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The State of Vermont [ANR] is requesting proposals for the development …. of a 
methodology to accurately quantify the Agricultural component of an Agriculture, 
Forestry and Other Land Use (AFOLU) sector estimate of GHG emissions and 
sequestration in Vermont. …. [R]esearch is needed to better …. [q]uantify greenhouse 
gases emitted and sequestered from agricultural operations in Vermont. Better 
understanding the most appropriate tool(s) and protocols …. [i]s crucial to accurately 
quantify emissions in this sector, inform decision-making related to policies and 
investments that promote agricultural activities, and … evaluate conservation practices 
that maximize the mitigation of GHGs from agricultural operations in Vermont. 

 
For each year, we count the GHG emissions occurring that year from animals, manure, and 
fertilizer use. We know that many farmers have made and are making beneficial changes that 
result in increased carbon storage in soil; what is lacking is up to date landscape-level data on 
the number of acres or of animals being managed in various ways.  
 
Given the number of animals and the number of acres of crop land in our county, we use well-
validated formulas provided in the ICLEI documentation to estimate the amount of various 
greenhouse gases produced and released as a result of those activities. We then transform the 
amount of various greenhouse gases released into equivalents of carbon dioxide, or CO2e.  
 
The calculation of CO2e of methane released to the atmosphere takes into account both the 
greater instantaneous heat-trapping properties of methane (well over a hundred times that of 
carbon dioxide, gram for gram) and the short lifetime of methane in the atmosphere (in the 
range of 10 to 15 years). CO2 stays in the atmosphere for centuries, while released methane is 
fairly quickly converted to CO2 (which has a much lower warming potential per unit mass) and 
water. If methane associated with farming is released at a constant rate the amount of 
methane of agricultural origin in the atmosphere reaches a plateau (where it contributes to 
trapping heat) and does not rise further.  
 
That difference between the properties of methane and CO2 is reflected in the formula that 
counts each unit of methane as the equivalent of 28 units of carbon dioxide, over 100 
years. Some have advocated for making the comparison of warming impact over 20 years; in 
that case the impact of each gram of methane released is 84 times that of each gram of carbon 
dioxide. If we adopted this approach, the estimated GHG impact of both livestock and natural 
gas would increase.  This effect is shown in the summary section at the beginning of this report. 
 
When it becomes possible to reduce the amount of methane released by ruminants, say by 
half, then for a given number of animals there will be a new plateau of methane in the 
atmosphere, lower than the current one but still causing global warming. Similarly, wider use of 
anaerobic digesters that allow methane released by manure to be captured and used 
beneficially, or wider use of capped manure pits that allow methane to be flared off, will result 
in less release of methane to the atmosphere and a new lower stable concentration than the 
present one, with less warming impact.  
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Estimates are available of the additional amount of carbon stored each year per acre treated or 
managed with various changes to standard farming practices. The USDA’s agricultural profile 
for Addison County for 2017, based on that year’s Census of Agriculture, contains information 
about the number of acres of Addison County farmland managed with legume cover cropping 
and with no- or low-till practices. In the results section for agriculture, we show estimates of 
how much carbon is sequestered by those practices for those numbers of acres. Corresponding 
data are not yet available from the 2022 Census of Agriculture, which is still in a data collection 
phase. The 2017 profile document does not show the number of acres being managed in 2017 
with various less-common practices that also would sequester carbon. 
 

D. Wastewater 
 
Methods 
 
To estimate GHG emissions attributable to wastewater management we needed to apply 
factors derived from studies of typical US treatment plants to our specific contexts. Direct 
measurements of methane releases are not available. Wastewater treatment in predominantly 
rural Addison County depends on a large number of individual on-site sewage disposal systems 
(septic tanks with drainfields) as well as four larger treatment facilities.  
 
For household on-site systems we make estimates regarding the population served by such 
systems and apply generalized factors for the associated emissions. These estimation methods 
and factors are provided by the ICLEI Protocol in section WW.11. From this section, we applied 
equation WW.11 (alt) which has a primary input of population served by septic systems. Per 
ICLEI guidance, we estimate that 55% of homes in Addison County are served by septic systems 
– the most recent available Vermont value. This population is multiplied by an estimated daily 
biological oxygen demand (BOD5) load, a CH4 production capacity factor, and necessary 
conversion factors to arrive at annual CH4 emitted from on-site systems.  
 
For the four treatment facilities in the county the ICLEI protocol was again followed to 
determine the methane emissions as well as nitrous oxide emissions based on facility type as 
well as the volume it processes. The facility in Shoreham is a community septic tank and filter, 
so we employed the same methods from equation WW.11(alt) as in the calculation for fugitive 
emissions from individual septic tanks. The Shoreham facility has more specific population data, 
however, and we applied this with the same constants and conversion factors to determine 
methane emissions associated with its operation. For the Middlebury, Vergennes, and Orwell 
plants we applied method WW.6 to determine process CH4 emissions and WW.12(alt) to 
determine N2O emissions. Equation WW.6 requires user inputs about the amount of biological 
oxygen demand (BOD5) treated per day at the facility and whether any of that BOD5 is 
removed in primary treatment. From there this value is multiplied by a CH4 production capacity 
factor, a correction factor, and necessary conversion factors to arrive at CH4 emissions in tons.  
 
The N2O emissions from facility discharges are calculated using equation WW.12 (alt). In this 
equation the user inputs the population served by the facility and whether there is a significant 
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amount of industrial discharge. These plants are not deemed to have a significant amount of 
industrial discharge, so population served is then multiplied by the difference between an 
estimate of total nitrogen load and the product of nitrogen uptake factor and a BOD5 factor, 
and this is all multiplied by an emission factor and necessary unit conversions to arrive at metric 
tons of N2O emitted by each facility. From all of these calculations the greenhouse gases are 
converted to CO2e and summed to arrive at total emissions as a result of wastewater treatment. 
 

E. Solid Waste 
 
Methods 
 
Solid waste emissions were calculated using the methods outlined in the ICLEI protocol. While 
there are no landfills in the county, guidance is to account for the emissions associated with the 
waste generated in the county wherever it occurs. Method SW.4 was utilized to determine the 
methane emissions associated with this waste. All towns in Addison County except for Hancock 
and Granville send their solid waste to the Addison County Solid Waste Management District 
(ACSWMD) transfer facility, and from here it is transported to a contract landfill in the town of 
Coventry, VT. ACSWMD collects data on how many tons of solid waste are collected and 
transported out of the county, and this data therefore served as the basis for our calculations.  
 
Waste from Hancock and Granville does not come to ACSWMD, and is commingled with that 
from Rochester and Stockbridge and sent to different destinations. Given the small size of the 
towns (just over 500 people together) their solid waste contribution is not a part of this 
inventory.  
 
An emissions factor from Table SW.5 was assigned to the total waste using a 2018 Vermont 
Report (DSM Environmental Services, 2018) that studied the composition of solid waste in the 
state. We assumed that the Addison County composition is the same as that of the state as a 
whole. We also considered the landfill gas collection system employed at the Coventry landfill, 
and applied a factor reflecting a 75% collection efficiency per ICLEI guidelines. We then 
determined the methane emissions by applying equation SW.4.1, which entails multiplying the 
mass of the waste by the emissions factor we determined, an oxidation rate constant, and the 
25% that escapes from the collection system. This result was then converted to tons of CO2e 
and included in the total for the county. 
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