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Agenda

1. Project Status
2. Review Project Scope
3. Review Approach for Calculating Upstream Emissions
4. Energy Sector Results
5. Future Efforts and Discussion
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Project Goal

To support the Climate Action Plan, this work will conduct 
lifecycle accounting of emissions attributable to the use of 
energy in Vermont to supplement the state’s current GHG 
Inventory. This analysis primarily covers GHG gas 
emissions outside the boundaries of the state that are 
caused by the use of energy in Vermont, but will be 
connected to in-state fuel consumption activity and 
emissions.
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Project Status

 Final report shared 
with VT

 Workbook with 
upstream emission 
factors and total 
emissions results
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Vermont Project Scope

 Vermont has already modeled emissions associated with in-state 
consumption of many energy pathways in the Vermont Greenhouse 
Gas Emissions Inventory and Forecast reports and the modeling 
completed for the Pathways report.

 ERG’s role is to 
1) model out-of-state (i.e., upstream) GHG emission factors associated with 

energy consumption within the state; including 
2) modeling upstream emissions for net electricity consumption; and thereby
3) estimate total in-state and upstream emissions totals from total energy 

consumption in the state
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Defining the System Boundary
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Energy Pathway Identification

 Resources reviewed to identify energy pathways:
– Energy Information Administration (EIA) State Energy Data 

System (SEDS)

– 2022 VT Comprehensive Energy Plan

– Initial VT Climate Action Plan, Dec 2021

– VT GHG Emissions Inventory and Forecast: 1990 – 2017 & 
Most Recent 2020 Draft  
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Energy Pathways

Pathway Model
Natural Gas Products GREET
Petroleum Products GREET
Coal GREET
Wood, Elec. GREET; Dugan et al. 2020 FPR report
Wood, Heat GREET; Dugan et al. 2020 FPR report
Biofuels GREET
Nuclear GREET
HydroQuebec Levasseur et al. 2021; Ecoinvent 3.7; GREET
Regional Hydroelectric Levasseur et al. 2021; Ecoinvent 3.7
Wind (On- and Off-shore) GREET
RNG, Animal Waste and LFG GREET
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Pathways: Emissions Factor Format

Sector Sub-Sector 
Category Pathway Stage Greenhouse 

Gas 1990 1991

…

2019 2020

Energy Residential Natural Gas Production CO2 E.F. E.F. E.F. E.F.

Energy Residential Natural Gas Production CH4 E.F. E.F. E.F. E.F.

Energy Residential Natural Gas Production N2O E.F. E.F. E.F. E.F.

Energy Residential Natural Gas Transmission CO2 E.F. E.F. E.F. E.F.

Energy Residential Natural Gas Transmission CH4 E.F. E.F. E.F. E.F.

Energy Residential Natural Gas Transmission N2O E.F. E.F. E.F. E.F.

… …

 Where “E.F.” is an emission factor value
 Stage categories will vary by pathway
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Pathways: Emissions Factor Format

 EFs provided in CO2e, by flow, and by stage
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Primary Emissions Model: GREET

 Greenhouse gases, Regulated Emissions, and Energy use in 
Technologies model v2022 developed by Argonne National 
Laboratory

 Highly parameterized life cycle model which includes many of the 
most common U.S. fuels and energy pathways

 Highly regarded model for U.S. LCA data
 Provides full time series estimates back to 1990
 Where appropriate we configure GREET to reflect conditions 

specific to Vermont.
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Pathway 1: Petroleum Fuels
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Pathway 1: Petroleum Fuels – Crude Extraction
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Total Upstream Emissions

 Activity data aligned with VT GHG EI, multiplied by EF to calculate 
total upstream emissions
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Pause for:

 Questions?
 Public Comment

15



Results
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Energy Sector: Upstream and In-state emissions

Units: MMT CO2e (AR5-100yr); includes biogenic CO2
* Other includes the additional sectors captured in the VT GHG EI: Fossil 
Fuel Industry, Industrial Processes, Waste Management, and Agriculture.

1990 2000 2019 2020
Electricity - In-state 1.39 1.38 1.05 1.04
Electricity - Upstream 0.30 0.21 0.12 0.12
RCI - In-state 3.69 4.13 4.51 4.19
RCI - Upstream 0.58 0.69 0.69 0.67
Transport - In-state 3.25 3.80 3.53 3.01
Transport - Upstream 0.92 1.10 1.02 0.86
Energy - Total 10.12 11.32 10.92 9.89
Other* - In-state 1.84 2.30 2.29 2.18
Gross - In-state 10.17 11.61 11.38 10.42
Gross - Upstream 1.79 2.01 1.82 1.65
Total 11.96 13.62 13.21 12.07

With biogenic CO2
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Energy Sector: Upstream and In-state emissions

Units: MMT CO2e (AR5-100yr); excludes biogenic CO2
* Other includes the additional sectors captured in the VT GHG EI: Fossil 
Fuel Industry, Industrial Processes, Waste Management, and Agriculture.

1990 2000 2019 2020
Electricity - In-state 1.09 0.43 0.25 0.18
Electricity - Upstream 0.26 0.18 0.09 0.08
RCI - In-state 2.54 3.02 3.00 2.87
RCI - Upstream 0.58 0.69 0.69 0.67
Transport - In-state 3.25 3.80 3.34 2.85
Transport - Upstream 0.92 1.10 1.02 0.86
Energy - Total 8.64 9.23 8.38 7.51
Other* - In-state 1.73 2.14 2.20 2.10
Gross - In-state 8.61 9.39 8.79 7.99
Gross - Upstream 1.76 1.97 1.79 1.61
Total 10.37 11.37 10.58 9.60

Without biogenic CO2
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Upstream emissions for Electricity sector
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Upstream emissions for Residential sector
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Upstream emissions for Commercial sector
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Upstream emissions for Industrial sector
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Upstream emissions for Transportation sector
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Summary

 Upstream emissions add approximately 20-30% to the GHG impact for 
the Energy Sector.

 Motor gasoline for transport is the largest single contributor to 
upstream emissions in 2020.

 Upstream emissions from petroleum products are consistently the 
highest contributor to upstream emissions within RCI sectors.

 Upstream emissions from hydroelectric power are a small but 
significant contributor to upstream electricity emissions, especially as 
the fossil contribution to electricity consumption has decreased.
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Future Efforts

 Currently unable to find Traditional Ecological Knowledge (TEK) 
experts to provide guidance, but will continue to pursue engagement to 
inform TEK efforts outside of this contract process

 With passage of Affordable Heat Act (S.5), ANR obligated to do a life-
cycle analysis annually presenting an ongoing opportunity to learn and 
adapt our framework and develop additional supplemental analyses

 Potential for multi-attribute analysis that would incorporate other factors 
outside of GHG emissions and would have the potential to incorporate 
non (or not easily)-quantifiable considerations surrounding energy 
pathway choices related to TEK after engagement with TEK experts.
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Questions and
Public Comment

26



Appendix
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Pathway 2: Renewable Natural Gas (RNG)
from Animal Waste

Source: https://vanguardrenewables.com/projects/goodrich-family-farm28

https://vanguardrenewables.com/projects/goodrich-family-farm


Pathway 2: Animal Waste RNG
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Pathway 2: Animal Waste RNG

Digester Biogas

Residues

Boiler

CH4 Leakage

Electricity

Biogas Clean-up

CH4 Leakage

CHP

Decay to CH4

Decay to CO2

Carbon Sequestration

Pipeline Gas

Animal Waste

N2O Emissions

30


	Slide Number 1
	Agenda
	Project Goal
	Project Status
	Vermont Project Scope
	Defining the System Boundary
	Energy Pathway Identification
	Energy Pathways
	Pathways: Emissions Factor Format
	Pathways: Emissions Factor Format
	Primary Emissions Model: GREET
	Pathway 1: Petroleum Fuels
	Pathway 1: Petroleum Fuels – Crude Extraction
	Total Upstream Emissions
	Pause for:
	Slide Number 16
	Energy Sector: Upstream and In-state emissions
	Energy Sector: Upstream and In-state emissions
	Upstream emissions for Electricity sector
	Upstream emissions for Residential sector
	Upstream emissions for Commercial sector
	Upstream emissions for Industrial sector
	Upstream emissions for Transportation sector
	Summary
	Future Efforts
	Slide Number 26
	Slide Number 27
	Pathway 2: Renewable Natural Gas (RNG)�from Animal Waste
	Pathway 2: Animal Waste RNG
	Pathway 2: Animal Waste RNG

