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Enhancing and 
Maintaining Gas 
and Energy 
System Resiliency 
Areas of Focus and Change
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Report Key Questions

 What characteristics of the current regulatory framework 
enable or disable gas resilience?

 How can resilience be valued and measured to better qualify 
gas infrastructure investments?

 What recommended changes are needed to enable gas and 
energy system resilience?

Approach and Overview

 How does resiliency in the gas system enhance energy 
system resiliency?
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Resilience Compared to Reliability

Source: Guidehouse

Approach and Overview
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Building a Resilient Energy Future – How the Gas System Contributes to US 
Energy System Resilience

Natural gas pipeline and storage infrastructure are critical in supporting 
energy grid resilience by reliably delivering natural gas, even during short 
and long-term duration needs  (e.g., including extreme weather).

Natural gas and other low-carbon fuels will remain a core element of the 
US energy system for decades to come and natural gas electric generation 
is critical to scaling the integration of renewables.

Approach and Overview

Natural gas infrastructure is critical to supporting gas-powered electric 
generation systems – this is central to ensuring resiliency of the overall 
energy system.
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Lack of coordination between the electric and gas industries create issues in 
ensuring resiliency and operation of critical natural gas infrastructure.

Sources: US Energy Information Administration, AccuWeather , Enel X

 Natural gas interstate and local distribution are inherently more resilient than electric transmission and 
distribution systems since underground pipelines are insulated from extreme weather events. 

 Resilience of the overall energy system rests upon gas system resilience since natural gas accounts for one-third 
of primary energy consumption across all principal sectors of the economy and is the primary fuel for the 
generation of electric power in the US. 

Additional Research Insights – Impacts to the Energy System

Source: Guidehouse
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U.S. Year 2021 Billion-Dollar Weather and Climate Disasters

Source: NOAA National Centers for Environmental Information (NCEI)

Research Insights – Extreme Weather Events
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Growth of U.S. Billion-Dollar Weather and 
Climate Disasters

Source: NOAA National Centers for Environmental Information (NCEI); Dollars are shown in 
nominal values over time.

Research Insights – Extreme Weather Events
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Inadequate 
political and 
regulatory 
support for 

resilience in the 
gas system.

Few state 
regulatory 
initiatives 

specifically 
address gas 

system resilience.

Lack of 
regulatory 

mechanisms to 
compensate 

participants for 
resilience 

investments.

Resilience is 
often indirectly 
referenced and 

embedded within 
reliability and 

safety standards.

Regulatory constraints exist in the gas system - many times gas utilities are 
not appropriately compensated for resiliency investments. 

Approach and Overview
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• Customers are mitigating energy system 
risk by installing DERs, including stand-
by and other types of dispatchable gas-
powered electric generation. 

 DERs allow customers to leverage the 
inherent resilience of the natural gas 
distribution network.

 Standby generators has soared over the 
past few years due to storm-induced -
increased net sales of 122.5% from 
2017 to 2021.

Increasing service disruptions hastened the use of gas-powered distributed 
energy resources (DERs) to counter outages and improve customer resiliency.

Research Insights – Market Response to Resilience



©2021 Guidehouse Inc. All rights reserved. Proprietary and competition sensitive. For internal use only. 11

Recommendations - Resilience Investments

Downstream of the City Gate Investments 

 Increase investments in pipeline and storage 
infrastructure weatherization

 Expand upstream pipeline interconnections
 Develop additional distributional storage facilities 

to enhance the resilience of the overall pipeline 
distribution system

 Expand integration of alternatives fuels (e.g., 
hydrogen) or locally produced LNG

 Modernize infrastructure to lower emissions and 
enhance safety, reliability, resiliency and affordability

Upstream of the City Gate Investments

 Ensure preparation for extreme weather -
Increase investments in the weatherization of well-
heads, gathering, and processing systems, gas 
transmission networks, and storage facilities

 Continue replacing aging pipelines and 
interconnections with long lived assets that 
support broader energy system resilience

 Design systems to accommodate low-carbon 
fuels for future operations to provide resilience 
benefits and support decarbonization goals

Upstream City Gate Downstream

Producing wells Processing Plants
LNG Plants

Underground 
storage

Large 
Volume 
Customer
Commercial 
Customer

Residential 
Customer

Integrated solutions are required for resilient gas service to LDC customers -
primary driver of enhanced energy system resilience is improving gas resilience. 
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Recommendations - Implementing Resilience

Federal and state legislative approval 
of resilience measures

Resilience regulatory requirements 
written into state and federal 
frameworks

Federal and state funding support for 
energy system resilience investments

Energy system management across 
natural gas and electric networks

Actions to Implement Resilience

Public 
Support 

Regulatory 
Support

Financial 
Support

Principles for Implementing Resilience

 Public 
acceptance for 
resilience 
investment 
costs

 State and 
Federal political 
support

 Regulations and 
frameworks  
emphasizing 
reliability and 
resilience 

 Collaborative 
actions across 
the natural gas 
and electric 
industries

 Cost recovery 
mechanisms for 
LDCs to 
recover 
resiliency 
investments

Broader energy federal and state policies and regulatory mechanisms to increase 
resilience are required to support resilience investments across the energy system. 
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Conclusions & Key Themes

1
Climate events have created direct and indirect costs due to disruptions in 
electric and gas supply and the system vulnerabilities of these assets and 
operations. 

2

Need to increase momentum for regulators to address energy system 
failures - stakeholders and the public need to better understand the role pipeline 
and storage infrastructure needs to play in the future state energy system.

3

Lack of integrated operational coordination and regulation between natural 
gas operations (i.e., pipelines, storage infrastructure) and electric operations (i.e., 
ISOs and electric utilities) – this exposes the entire energy system to increased 
risk.

4
Recommended resilience investments include replacing aging infrastructure, 
increasing weatherization standards, building additional storage facilities, and 
developing systems to integrate low-carbon fuels

5
Public, regulatory and financial support are the foundational principles 
to implement resilience. 



Resilience in the face of 
critical events

N O V E M B E R  1 3 ,  2 0 2 2

Sean Smillie
PhD Candidate, Engineering and Public Policy
Carnegie Mellon Electricity Industry Center

Presenter Notes
Presentation Notes
Carnegie Mellon, PhD in the Engineering and Public Policy program. 
Previously, gas transmission, TC Energy, compressor station design



1. Collect high-granularity data of gas disruptions

2. Classify electric compressor stations on gas network as 

critical electric load

Low hanging fruit



Collect high-granularity 
data of gas disruptions



Gas interruption 
data is sparse

• No gas interruption 
reporting for 26 states

• Where reported, 
thresholds often high

• Often not publicly 
available

• Interstate reporting 
isn’t much better

17 NAPSR 2022. Compendium of State Pipeline Safety Requirements & Initiatives Providing Increased Public Safety Levels 
compared to Code of Federal Regulations

Presenter Notes
Presentation Notes
26 states do not require gas disruption reporting

When required, reporting thresholds are often high 
Pennsylvania: Report when outages >2,500 customers or 5% of system

Exclusions: Interruptions less than a certain amount of time; Planned events;  “major” or “significant” outages; 

Where reported, it is often not publicly available, unclear how much attention  is on them (and especially is made public)

Wisconsin allows reports by telegraph

Interstate pipeline systems data is also lacking – primary source is pipeline bulletin board postings, which often lack the amount of gas disrupted.

Electric outages often reported in real time at relatively high geographic resolution. National databases of these exist. Significant effort goes into understanding their causes.
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Why do we need it?

• Key issues

• Dependence of electric system on gas

• End use electrification

• Importance of cross-utility datasets

• What causes interruptions? 

• Frequency of small and large events?

• On what part of the system? 



Classify electric 
compressor stations 

on gas network as 
critical electric load
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If grid power fails, backup power unavailable 
for compressor electric motors

Auxiliary 
systems Gas-driven 

compressor unit

Electrically-driven 
compressor unit

Backup power 
for auxiliary 
systems only

Compressor 
station

Presenter Notes
Presentation Notes
My focus is identifying stations that have electric motors driving the compressor units, as opposed to gas engines or turbines. 

While compressor stations will typically have backup power to cover auxiliary system demands in case of grid failure, the electric motor load is typically too large to practically backup. Station loads up to 60 MW

So, at stations with electric motors, if grid power is lost then the compressor unit will typically be unavailable, causing gas flow reductions. Negative feedback loop potential.
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10% of compressor stations are electrically-dependent

2014 polar vortex
575,000 Dth/d
~2 GW

Modeling
425,000 Dth/d
~2 GW

NERC storage study
>8GW

Presenter Notes
Presentation Notes
Beyond the summary statistics, it’s probably more helpful to look at the regions and pipeline systems with higher electric driver dependence, since the effect of a loss of compressor station or unit will propagate downstream. 
Showing electrically dependent stations only. Size of largest electrically driven stations indicates impracticality of on-site back-up.
Florida Gas, Transco, Texas Eastern, Rockies Express, Trailblazer, and Ruby Pipeline are some of the more notable systems that have higher electric drive dependence. 

System effect of a loss of compressor stations is local and downstream flow reductions that lead to fuel shortages. 

While gas-driven compressor stations operate a lot like gas power plants at a station level, in some ways a better analogy for compressor stations’ operational role to the pipeline system is more like series capacitors on long electric transmission lines. The loss of a compressor station or unit might be able to be made up by the station up or downstream, but there’s limited ability to shift compressor power much more than that. So, it’s not like electric generation, where a loss of one power plant has much more ability to be made up somewhere else in the system. 




Electric 
dependence by 
state

22
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Recommendations

• Require high granularity gas interruptions data 
reporting

• Ensure public availability

• Ensure electrically-dependent compressor stations are 
classified as critical infrastructure

• Examine intrastate gas compressor stations

• Consider in electric load shed plans
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Introduction to Atmos Energy
Atmos Energy is the country’s largest natural gas-
only distributor. We safely deliver reliable, 
affordable, efficient, and abundant natural gas to 
more than 3 million distribution customers in over 
1,400 communities across eight states located 
primarily in the South.

Our Vision
Our vision is for Atmos Energy to be the safest provider 
of natural gas services. We will be recognized 
for Exceptional Customer Service, for being a Great 
Employer and for achieving Superior Financial Results.



Resilience

Resilience is an inherent and crucial component of a dependable 
energy system, which is obtained through diverse and redundant energy 
sources. 

Gas system resilience enables overall energy system resilience.

The resilience of the overall energy system rests upon gas system 
resilience since natural gas accounts for one-third of primary energy 
consumption across all principal sectors of the economy and is the 
primary fuel for the generation of electric power in the US. 



Preparation with Respect to Resilience

Presenter Notes
Presentation Notes
I begin with a few slides providing a foundation for Atmos Energy’s ability and capability to respond to critical events.



EIA Info on Natural Gas Demand through 2050

Presenter Notes
Presentation Notes
First, natural gas plays a critical role in the US energy outlook; although there are efforts to reduce or eliminate natural gas production in the US, the reality is that natural gas plays an essential role for the foreseeable future – particularly in regard to the resilience of our nations energy delivery systems.  Continued investment in natural gas infrastructure is necessary.




Regulatory Framework in Atmos Energy Jurisdictions
Annual Formula Rate Mechanisms

State Infrastructure Programs Comprehensive Annual Rate Mechanisms

Colorado System Safety and Integrity Rider (SSIR) —

Kansas Gas System Reliability Surcharge (GSRS) —

Kentucky Pipeline Replacement Program (PRP) —

Louisiana (1) Rate Stabilization Clause (RSC)

Mississippi System Integrity Rider (SIR) Stable Rate Filing (SRF)

Tennessee (1) Annual Rate Mechanism (ARM)

Texas Gas Reliability Infrastructure Program (GRIP), (1) Dallas Annual Rate Review (DARR), Rate Review Mechanism (RRM)

Virginia Steps to Advance Virginia Energy (SAVE) —

(1) Infrastructure mechanisms in Texas, Louisiana and Tennessee allow for the deferral of all expenses associated with capital expenditures incurred pursuant to these 
rules, which primarily consists of interest, depreciation and other taxes (Texas only), until the next rate proceeding (rate case or annual rate filing), at which time 
investment and costs would be recoverable through base rates.

Presenter Notes
Presentation Notes
GRIP (Gas Reliability Infrastructure Program) adopted in TX legislation in 2003 is intended to reduce regulatory lag on increasing net plant and spur investments for improved safety & reliability.  KY PRP (2008) is a forward-looking mechanism launched in response to national catastrophic events resulting from aging natural gas infrastructure.  This led to requests in each jurisdiction to adopt infrastructure mechanisms reducing lag and other financial barriers to proactively address aging delivery systems.

Similarly, comprehensive annual rate mechanisms were pursued to improve overall ratemaking processes.  These mechanisms not only reduce lag on non-infrastructure program investments, but also reflect changes in O&M, taxes, depreciation and other costs of service.

Both of these mechanisms greatly increase the transparency and frequency of communications with regulators and other stakeholders.

Long-standing supportive regulatory treatment is essential to having a resilient natural gas distribution system or intrastate pipeline.





Modernizing Our Distribution System
~$11 Billion Capital Plan Through 2027; > 85% Focused On Safety and Reliability

Presenter Notes
Presentation Notes
Through application of the aforementioned ratemaking mechanisms, we have made progress modernizing our distribution systems (to improve safety and reliability through increasing capital investment in pipe replacement and fortifications.)



Modernizing Our Transmission System
~$4 Billion Capital Plan for APT Through 2027

Presenter Notes
Presentation Notes
 . . .and modernizing our Transmission System




Atmos Energy System Integrity Investment

Presenter Notes
Presentation Notes
Long-standing intentional efforts to improve safety and reliability through increasing capital investment in pipe replacement and fortifications.





Atmos Energy Residential Customer Growth
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Presenter Notes
Presentation Notes
Atmos Energy continues to see a strong preference for natural gas in new homes and businesses.  Our annual growth rate has risen from 1.4% in 2007 to 1.8% in 2022.

Serving expanding areas with substantial growth requires ongoing analysis of low pressure points and proactive fortification of the upstream system to ensure reliable service during peak demand periods.  The sufficiency of these fortifications are tested during the periods in which resilience is tested. 




Tests of Resilience in the Face of Critical Events



Recent Critical Events in Atmos Energy Service Territory

Hurricane Ida in Louisiana

Tornadoes in Kentucky Winter Storm Uri in Texas

Presenter Notes
Presentation Notes
KY tornado
LA Hurricane
TX Winter Storm Uri




Winter Storm Uri

Presenter Notes
Presentation Notes
Winter Storm Uri was historic in its severity, its breadth, and its duration.  Some winter weather events are colder than others; some cover a larger area of the country, and some last a long time.  This winter event did all three at the same time.




Atmos Energy in Texas

West Texas Division

Mid-Tex Division

Atmos Energy Headquarters

Atmos Pipeline Texas

Presenter Notes
Presentation Notes
Discuss APT access to supply & Storage and service to LDCs in Texas – serves Mid-Tex but not WTX.  Distinguish between pipelines and distribution systems.




Regulatory Actions Post-Winter Storm Uri
Recovery of extraordinary costs

• Gas costs (Uri – KS, TX – both states had orders to support cost recovery during the event)
• O&M costs (KY tornadoes, LA hurricane)

Need for modernization of curtailment plans to clarify priority of service (Uri - TX RRC rule)

Coordination of gas and electric (Uri - TERC, Supply Chain Map, Curtailment Rule)

Weatherization of Critical Infrastructure (Uri – TX: developing lessons learned and taking precautions at all 
stages of the natural gas supply chain for weather preparedness)



Keys to Resilience in the Face of Critical Events

• Supportive regulatory treatment on system integrity investment
• Modernization of natural gas distribution, transmission and storage systems

• Strong balance sheet – creditworthiness in a market of extraordinary gas prices 

• Value of natural gas – the characteristics of our business lends itself to performance under extreme
conditions

• Dedication of our employees and the thorough training and planning for peak demand events

Presenter Notes
Presentation Notes


Successfully execute our proven investment strategy of operating safely and reliably, while we modernize our natural gas distribution, transmission and storage systems.

This strategy, along with the exceptional dedication and effort of all 4,700 employees at Atmos Energy, continue to benefit our customers in the form of safe and reliable natural gas service.

Clear during Winter Storm Uri as the modernization of our systems, especially over the last 10 years, provided the reliability necessary to meet the human needs requirements of our customers.

The winter storm certainly highlighted the importance that reliable natural gas systems, diversified supply portfolios, system versatility, along with underground storage capacity, bring to delivering safe and reliable natural gas service.

The successful execution of our strategy and our financial position have us well positioned to continue safely delivering reliable, affordable, efficient and abundant natural gas to homes, businesses and industries to fuel our energy needs now and well and into the future
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