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• To demonstrate a diversified and holistic view of electricity generation 
impacts using cutting-edge methods and sophisticated tools.

• To leverage the power of plant-level life-cycle inventory in evaluating 
impacts from electricity using spatially-relevant impact assessment such as 
air quality pollutant exposures and regional water stress.

• To develop a tool for forward-looking evaluations of impacts by allowing 
users to define generation mixes or plant-level changes in future scenarios.

Motivation
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2011–2020: Development of the U.S. electricity baseline.

2017–2021: Development of the ElectricityLCI Python package.

2020: Release of Grid Mix Explorer (v.4.2).

2021–2022: Impact assessment Python packages.

2022: Scenario modeler and visualization framework toolset.

A Brief (and Incomplete) History

Background
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• Formatted for the Federal LCA Commons.

• Powered by data science for automated processing.

The Electricity Baseline

Background

Goals

•High-quality data for 
technology evaluation.

•Assessment of regional 
impacts and benefits.

•Consistent national baseline.

Objectives

•Complete inventory for U.S. 
power consumption in 2016.

•Open-source data.

•Transparent model approach.

•Coordination with EPA and 
DOE.

(Cooney et al., 2019; Ingwersen et al., 2017)



55

Implementation With Existing Technologies

Background

Federal LCA Commons
• JSON-LD and ILCD exports.
• Choose selected region 

and export full product 
system to openLCA for 
connection with rest of 
system.

Grid Mix Explorer v4.2
• Customized technology 

mix and inventory.
• Explore inventory and 

TRACI impacts for 
selected region.

• Add advanced 
technologies.

ElectricityLCI
• Complete transparency 

into inventory 
development.

• Flexibility to adjust model 
parameters.

• Integration into other 
frameworks.
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https://lcacommons.gov/lca-collaboration/ https://netl.doe.gov/LCA https://github.com/USEPA/ElectricityLCI

(Cooney et al., 2019; Skone 2020)
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Implementation With Existing Technologies

Background

(Ingwersen 2019; USEPA 2021)
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Next-Generation Toolset
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Impact Assessment

→ Chemical and environmental impacts.elci_to_traci
• TRACI 2.1 (traditional).

• TRACI 2.1 (NETL).

→ Air quality impacts.elci_to_rfm
• EASIUR.

• InMAP.

• AP3/AP4. 

→ Water scarcity impacts.elcaware
• AWARE-US.
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TRACI 2.1 (NETL)

Impact Assessment

https://www.osti.gov/biblio/1872564
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Air Quality / Air Pollution Emissions

Impact Assessment
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AWARE-US

Impact Assessment

(Lee et al., 2019; NETL 2020)
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New Capability

NETL advanced technology inventories

Facility level
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How does a sample combined-cycle natural gas power plant (from eLCI) 
compare with the same plant using NETL's advanced technology inventory?

New Capability – Example 1

Indicator* NGCC (eLCI) NGCC (NETL) Units

Acidification Potential 2.11 0.417 kg SO2 eq/MWh

Eutrophication Potential 0.145 0.0284 kg N eq/MWh

Global Warming Potential

(AR5, 100-yr)
768 467 kg CO2 eq/MWh

Particulate Matter Formation Potential 3.33e–2 5.49e–3 PM 2.5 eq/MWh

Ozone Depletion Potential 1.09e–6 3.86e–9 kg CFC-11 eq/MWh

Photochemical Smog Formation Potential 73.8 14.6 kg O3 eq/MWh

*Indicators are based on NETL-modified TRACI 2.1 characterization factors.
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New Capability

NETL advanced technology inventories

Aggregate level
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Overview – PowerSouth Energy Cooperative (Alabama and Florida, USA)

New Capability – Example 2

Region Code Name Primary Fuel Electricity (MWh)

AEC PowerSouth Energy Cooperative Various 5,644,564

53 Gantt Hydro-electric 5,718

55 Point A Hydro-electric 14,113

56 Charles R. Lowman Coal 1,470,743

533 McWilliams Natural gas 3,816,551

7063 McIntosh Natural gas 308,865

56522 Springhill Gas Recovery Plant Biomass 28,573
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Are there impact-based incentives to implementing capture at the 
McWilliams and McIntosh natural gas power plants using natural gas 
combined cycle technology as a proxy?

New Capability – Example 2

Base scenario NGCC w/ CCS

AQI (AP3)
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What is the AEO outlook for the SERC Reliability Corporation Southeastern 
electricity market module region for the year 2050?

New Capability – Example 3

Fuel Reference 2022
Low oil and gas 

supply
Low renewable cost Low growth

Hydro 0.0329 0.0336 0.0309 0.0354

Coal 0.0736 0.2031 0.0556 0.0785

Biomass 0.0044 0.0046 0.0044 0.0047

Natural gas 0.3934 0.1810 0.3943 0.3701

Nuclear 0.2047 0.2156 0.1035 0.2192

Petroleum 0.0003 0.0008 0.0002 0.0003

Solar 0.2827 0.3627 0.4126 0.2844

Wind 0.0001 0.0004 0.0004 0.0001
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• National Energy Modeling System (NEMS) electricity market module regions 
(EMMRs) are based on eGRID subregions that differ from eLCI balancing authority 
areas (BAAs) and requires some modeling choices:

• EMMR mixes are apportioned among contained BAAs or, in some cases, combined to 
represent larger BAAs.

• Regions without technologies that are not currently expected to deploy (e.g., nuclear 
and coal) do not add those technologies. Shares in the mix of those technology are 
accounted for by increasing the share in the BAAs that do have them.

• Solar and wind can be added using regionally similar profiles as proxies.

• Consumption mixes are held constant because trading between BAAs cannot be 
predicted.

• This is a work in progress – next steps are to develop the algorithms to implement 
the AEO mixes.

Implementation Challenges of AEO Forecast Profiles

New Capability – Example 3
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• Develop algorithms for implementing AEO forecast profiles.

• Improve customization to include temporal-scale analysis.

• Implement additional geospatial processes in the model (e.g., nearest neighbor 
and spatial interpolation methods for undefined regional profiles).

• Expand impact assessments (e.g., Environmental Justice40).

• Incorporate the latest Canadian profiles (i.e., assess the North American 
electricity profile).

• Consider both electricity generation and consumption profiles.

• Provide life cycle assessments at the stage level.

• Design and build the web-based visualization framework.

Future Work
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• Center for Air, Climate & Energy Solutions 
• https://www.caces.us/

• ElectricityLCI 
• https://github.com/USEPA/ElectricityLCI

• LCA Commons 
• https://www.lcacommons.gov/lca-collaboration/

• Grid Mix Explorer v.4.2 
• https://netl.doe.gov/energy-analysis/details?id=f0f94954-3627-4e9b-a5c0-

c29cfe419d1c

• AWARE-US Characterization Factors 
• https://greet.es.anl.gov/aware

• S-R Methods for RFMs 
• https://www.inmap.run/blog/2019/04/20/sr/

Links

Bibliography
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Disclaimer

This project was funded by the Department of Energy, National Energy 
Technology Laboratory an agency of the United States Government, through 
a support contract. Neither the United States Government nor any agency 
thereof, nor any of its employees, nor the support contractor, nor any of their 
employees, makes any warranty, expressor implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use 
would not infringe privately owned rights.  Reference herein to any specific 
commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its 
endorsement, recommendation, or favoring by the United States Government 
or any agency thereof. The views and opinions of authors expressed herein do 
not necessarily state or reflect those of the United States Government or any 
agency thereof.
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VISIT US AT:  www.NETL.DOE.gov

@NationalEnergyTechnologyLaboratory

@NETL_DOE

@NETL_DOE

CONTACT:

Questions or 
comments?

Timothy Skone

timothy.skone@netl.doe.gov
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