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Disclaimer and Attribution

DISCLAIMER
"This report was prepared as an account of work sponsored by an agency of the United States Government. Neither 
the United States Government nor any agency thereof, nor any of their employees, makes any warranty, express or 
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."

Attribution
KeyLogic Systems, Inc.’s contributions to this work were funded by the National Energy Technology Laboratory 
under the Mission Execution and Strategic Analysis contract (DE-FE0025912) for support services.



3

NETL’s Life Cycle Analysis (LCA) 
Program

• Supports NETL and Fossil Energy 
Headquarters

• Supports inter- and intra-DOE 
initiatives

• Conducts research to improve 
approaches to energy analysis

• Builds and maintains life cycle 
models and databases
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Importance of Boundary Definition

Loss
Extraction — Processing — Transmission — Distribution Rate

Cradle-to-Extraction 4.7 1,086 0.5% 0.43%

Cradle-to-Processing 4.7 + 2.6 1,020 6.6% 0.71%

Cradle-to-Transmission 4.7 + 2.6 + 5.2 1,005 7.9% 1.24%

Cradle-to-Distribution 4.7 + 2.6 + 5.2 + 4.5 1,000 8.4% 1.70%

Processing Only (GtG) 2.6 1,020 6.1% 0.25%

Transmission Only (GtG) 5.2 1,005 1.5% 0.52%

Distribution Only (GtG) 4.5 1,000 0.5% 0.45%

Boundary Upstream Emissions (g CH ) NG Exiting
Boundary (g)

Emission
Rate

Numerator Denominator

Emission rates are often compared without boundary 
reconciliation or consistent definitions

Source: Littlefield, J.; Marriott, J.; Schivley, G.; Cooney, G.; Skone, T. J. Using Common Boundaries to Assess CH₄ Emissions: a Life Cycle 
Evaluation of Natural Gas & Coal Power Systems. Journal of Industrial Ecology, January 2016.

• CH4 emission rates change as stage boundaries change –
ranging from 0.43% (production only) to 1.7% (production 
through distribution

• Loss rate, which includes consumptive losses, is often 
confounded with emission rates
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Boundaries Are Also Temporal
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Source: “Using Common Boundaries to Assess Methane Emissions: Littlefield et al. (2016). A Life Cycle Evaluation of Natural Gas and Coal 
Power Systems

• 20-year global warming potentials (GWP): Cradle-through-transmission 
emission rate must exceed 4.4% before advanced coal power has lower GHG 
emissions than NG power

• Technology warming potential (TWP): Cradle-through-transmission emission 
rate can be as high as 3.2% before the GHG impacts from natural gas power 
exceed those from coal power at any point during a 100-year time frame

At what point would natural gas power systems have higher 
GHG emissions than coal power systems?
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Bottom-Up Synthesis

• Overall Result: 1.7% CH₄ emission rate across the NG life cycle
• Emission reduction opportunities

Pneumatic devices (widespread use in production and gathering)
Gathering Systems (new to emissions inventories, but highly aggregated)
“Unassigned” emissions (observed, but not fully understood) 

Source: Littlefield, J.; Marriott, J.; Schivley, G.; Skone, T. J. Synthesis of recent ground-level methane emission measurements from the US 
natural gas supply chain. Journal of Cleaner Production.  January 2017.
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Adapted total emissions 
from Zavala et al. (2015)
Calculated known 
emissions using Greenhouse 
Gas Reporting Program 
(GHGRP)
Translated to an emission 
rate using 2.14 Tcf/year 
(Barnett region)

Extrapolated to other 
regions, scaling by 
production rates

Unassigned Methane Emissions
Filling the gap between bottom-up component emissions 
and basin-level measurements
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CH4 (kg/hr)

Unassigned = Totalobserved – Knowncomponent

Zavala-Araiza, D., Lyon, D.R., Alvarez, R.A., Davis, K.J., Harriss, R., Herndon, S.C., Karion, A., Kort, E.A., Lamb, B.K., Lan, X., 
2015. Reconciling divergent estimates of oil and gas methane emissions. Proc. Natl. Acad. Sci. 112, 15597e15602.
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GHGI Uncertainty Characteriztion
Collaboration with EPA to improve understanding of uncertainty around key 
parameters in the natural gas sector

Constraints:
• Average values for parameters were already in place
• Documentation for legacy data sources was scant
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Causes of Uncertainty

IPCC Uncertainty Guidelines (Annex 1)
• Uncertainties from inconsistent definitions (e.g. unclear or faulty 

definition of an emission)
• Uncertainties from natural variability of the process that produces an 

emission or uptake
• Uncertainties resulting from the assessment of the process or quantity, 

including uncertainty caused by measurement, sampling, or expert 
judgement.

- Random sampling error. This source of uncertainty is associated with data that are 
a random sample of a finite sample size and typically depends on the variance of 
the population from which the sample is extracted and the size of the sample itself 
(number of data points).

- Lack of representativeness. This source of uncertainty is associated with lack of 
complete correspondence between conditions associated with the available 
data and the conditions associated with real world emissions or activity. For 
example, emissions data may be available for situations in which a plant is 
operating at full load but not for situations involving start-up or load changes. In 
this case, the data are only partly relevant to the desired emission estimate.
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• For national averages, characterizing confidence in mean is more 
appropriate than characterizing entire distribution

• Sampling from discrete data points reduces random sampling error 
and gives confidence in average – curve fitting not necessary

• Representativeness is still a problem

GHGI Requires Average Values, 
Not Parameters of Entire Distribution
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NETL “Techno-Regions” 
and Variability
Understanding technological & regional variability allows focused policy 
and R&D
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Source: NETL (2016) Life Cycle Analysis of Natural Gas Extraction and Power Generation

• There are scenarios where CH4 emission rates greater than 5% are likely
• But the national average is lower (1.6% based on NETL’s 2016 report)
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Reaching common ground

• Resolution of technological, geographical, and 
temporal boundaries

• Definition of metrics and statistical analysis methods
• Collaboration among government, NGO, and industry
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Contact Information

James Littlefield
Senior Engineer • KeyLogic 
james.littlefield@netl.doe.gov

Timothy J. Skone, P.E.
Senior Environmental Engineer • Strategic Energy Analysis
timothy.skone@netl.doe.gov • (412) 386-4495 

netl.doe.gov/LCA LCA@netl.doe.gov @NETL_News

• e n e r g y  s u s t a i n a b i l i t y  •
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