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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 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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Primary Outcomes

▪ Methodology and 

Results Report shared 

with VT

▪ Workbook with 

upstream emission 

factors and upstream 

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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Primary Emissions Model: GREET

▪ Greenhouse gases, Regulated Emissions, and Energy use in 

Technologies model v2022r1 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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Defining the System Boundary
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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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Example: Petroleum Fuels – Crude Extraction
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Pathways: Emissions Factor Format

▪ EFs provided in CO2e, by flow, and by stage
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Counterfactuals in GREET

▪ Some pathways assign negative 

emissions credits within LCI calculations, 

derived from counterfactual scenarios & 

assumptions, such as:

– Landfill RNG: avoided flaring emissions

– Animal Waste RNG: C sequestration in 

soil via land application of AD residues

▪ Counterfactuals typically classified as a 

consequential LCA (CLCA) method

– Sometimes blended with attributional (ALCA)

– Further detail in Chapter 3 of 2022 NASEM 

Low-Carbon Transport Fuels report
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Disclaimer on RNG tab of GREET1 v2023: 
“This pathway uses RNG as a process fuel or feedstock. The 
LCA results of RNG are subject to further revisions to address 
technical uncertainties, especially related to counterfactual 
scenario assumptions for wastes that are used for RNG 
production.”

https://www.nationalacademies.org/our-work/current-methods-for-life-cycle-analyses-of-low-carbon-transportation-fuels-in-the-united-states
https://www.nationalacademies.org/our-work/current-methods-for-life-cycle-analyses-of-low-carbon-transportation-fuels-in-the-united-states


Biogenic C & Temporal Scopes

▪ GREET1 Woody tab 

– Focus on short-rotation woody crops 

– Stand-level carbon stock accounting

– Harvest followed by regrowth

▪ Key LCA Papers:

– Peñaloza et al. (2019): case study in temporal boundary dilemma

– Cowie et al. (2021): 

• Stand- vs. landscape-scale assessments (ALCA & CLCA)

• Critique of “payback period” & “carbon debt” approaches

• “No-harvest” land use counterfactual (CLCA)

– Head et al. (2021): integrates CBM-FHWP landscape-level model 

w/ Dynamic LCA
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https://link.springer.com/article/10.1007/s11367-018-1495-z
doi.org/10.1111/gcbb.12844
https://doi.org/10.1007/s42452-020-03979-2
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Questions
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