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Introduction  
The State Provincial Steering Committee (SPCS) and Western Interstate Energy Board (WIEB) 

are sponsoring a study of Natural Gas-Electric Interface issues for the Western Interconnection.  

The study is being conducted by a consulting team consisting of Energy and Environmental 

Economics (E3) and DNV GL (formerly GL Noble Denton).  The study is being advised by a 

Technical Advisory Group (TAG) consisting of Western electric and natural gas utilities, natural 

gas pipeline companies, and state officials.   

The goal of this study, as agreed upon by E3, GL, and the Technical Advisory Group (TAG), is to 

identify situations in which constraints or conditions on natural gas transportation 

infrastructure could compromise the reliability of the electric sector in the Western 

Interconnection. The approach taken to answer this question reflects the study’s breadth—both 

in geography and in the nature of the question it seeks to answer—as the team will analyze a 

set of scenarios and contingencies specifically chosen to highlight key issues. Within this study, 

these terms are defined as follows: 

 A “scenario” represents a future state of the world in the ten-year horizon, including both 

assumptions on the demand for energy (both electric and natural gas) and the 

infrastructure in place to meet those demands. 

 A “contingency” refers to a short-term disruptive event that might occur in a scenario. 

The study team will develop a “Base Case” scenario that serves as a reference point; this 

scenario represents a plausible future for energy supply and demand in the Western 

Interconnection given current trends and policy goals. Additional scenarios that capture 

alternative plausible futures over the 10-year time horizon will be examined as well. The study 

team will also choose a set of contingencies to layer on top of the scenarios to highlight potential 
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extreme events; the study of contingencies enriches the lessons learned from the scenario 

process. Each scenario and contingency studied is an instrument for investigating a particular 

issue that might challenge the availability of natural gas to supply the electric sector’s need for 

the fuel; the lessons learned will extend beyond its specific underlying narratives. The intent of 

this framework is to screen major potential issues that might challenge electric sector reliability, 

but as this analysis breaks ground on a broad question that has not yet been studied in depth 

across the region, it is possible that it may not capture every potential challenge to reliability 

caused by the electric sector’s reliance on natural gas. 

The study of scenarios and contingencies will be split into two phases, each with a distinct 

purpose: 

 In Phase 1, the study will focus on evaluating the adequacy of natural gas infrastructure 

to meet electric sector demands during peak periods of demand. The team will quantify 

the demands for natural gas during peak periods of the year and will compare this to the 

amount of gas that can be physically delivered by the pipelines that serve those loads. 

 In Phase 2, the focus shifts from capacity to flexibility. This phase will explore the 

operational challenges that may result from rapid intraday swings and unforeseen 

changes in natural gas demand, particularly in the electric sector.  

In each phase of the analysis, E3 and GL will study the Base Case in depth to understand its 

implications for natural gas infrastructure adequacy. The depth of scrutiny that each alternative 

scenario receives in each phase will be informed by the extent to which its impacts align with 

the focus of that phase. For instance, a scenario that results in substantial increases in peak 

demand for natural gas but no material change to the variability or volatility of demand will be 

analyzed in depth in Phase 1; alternatively, a scenario that results in large increases in the 

intraday swings in natural gas demand will receive much more attention in the second phase of 

the analysis. 

With these goals in mind, this document describes the process by which the working group 

developed a preliminary set of scenarios and contingencies for analysis and provides a brief 

description of what might be learned from each one. 

Initial List of Scenarios and Contingencies 
Prior to the project kickoff, the Technical Advisory Group (TAG) provided E3 and GL with lists of 

scenarios and contingencies that might be addressed in this study. The initial list of scenarios, 

shown in Table 1, resulted from an internal brainstorming process by the TAG that subsequently 

organized the results into two tiers of priority. The list of potential contingencies is shown in 

Table 2. 
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Table 1. Two tiers of scenarios identified by TAG for possible analysis in study 

First Tier Scenarios 

1. High distributed solar PV generation 
2. High renewables 
3. Large coal retirements 
4. High GHG tax/aggressive GHG policies 
5. Robust economic growth 
6. High energy efficiency 
7. Sustained drought/low hydro 
8. Growth of natural gas exports to Mexico 
9. High demand response and multi-utility coordination 
10. Tight gas supply/new fracking regulations 

Second Tier Scenarios 

11. Large LNG exports 
12. Low renewables 
13. Pipeline conversion (to or from oil service) 
14. Gas-fired generation technology breakthrough 
15. Energy storage technology breakthrough 
16. Increased natural gas use in transportation 

 

Table 2. Contingency events identified by TAG for possible analysis 

Contingencies 

1. Coincident extreme weather – very cold winter day 
2. Coincident extreme weather – very hot summer day 
3. Dry hydro conditions 
4. Major pipeline rupture 
5. Major electric transmission failure 
6. Major generation outage (e.g. Palo Verde or Diablo Canyon)  

Choosing Preliminary Scenarios and Contingencies 
On September 17, 2013, E3 and GL met with the TAG to further refine the list of scenarios and 

contingencies to address key questions. The following ideas were identified as guiding principles 

in the selection of scenarios for analysis: 

 Each scenario should be sufficiently distinct from the others in order to facilitate breadth 

of analysis; 

 Each scenario should capture a reasonably plausible future state of the world; and 

 Each scenario should address a particular issue or concern related to how natural gas 

infrastructure may affect the reliability of the electricity sector. 
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To facilitate the process of narrowing the list, scenarios were classified according to two major 

criteria: their impact on the magnitude of natural gas demand during peak periods and their 

impact on the variability of natural gas demand throughout the year (both measured relative to 

the Base Case). The result of this process is shown in Figure 1, which illustrates each potential 

scenario’s relationship to the Base Case; the location of each scenario captures its anticipated 

directional impact but should not necessarily be interpreted as a precise measure of the 

scenario’s impact (especially in comparison to other scenarios). 

Figure 1. Preliminary classification of scenarios by their expected impacts on the magnitude 
of peak gas demand (y-axis) and the intraday variability of gas demand (x-axis). 

 

Classifying scenarios according to these impacts has two purposes. First, as the two impacts 

considered parallel the study’s two phases, the classification guides the study’s focus to 

scenarios that will strain the system according to the impacts considered in each phase (see 

Figure 2). Second, this exercise allows candidate scenarios to be grouped together based on 

their expected impacts; in order to maximize the value of the analysis, the team agreed that 

scenarios with similar impacts should not both be studied if the lessons learned in one would 

be reasonably applicable to the other. 
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Figure 2. Correspondence between the quadrants used to classify scenarios and the phases of 
the study. 

 

Description of Preliminary Scenarios 
Based on the results of this exercise, the working group identified a preliminary set of three 

scenarios in addition to the Base Case, as shown in Table 3. Currently, this list is not intended to 

be exhaustive or complete, and the team will seek the feedback of a broader audience before 

finalizing the scenarios considered in this study. 

Table 3. Preliminary list of scenarios agreed upon by E3, GL, and TAG. 

Preliminary Scenario List 

1. Base Case 
2. High Renewables Case 
3. Coal Retirement Case 
4. High Exports Case 

 

1. Base Case 
Purpose: To analyze the adequacy of natural gas infrastructure in the Western Interconnect 

under expected trends in energy usage, existing energy policy, and current utility planning; to 

provide a benchmark against which other scenarios can be compared. 

Increased 
Peak Gas 
Demand

Decreased 
Peak Gas 
Demand

Increased 
Intraday Gas 

Variability

Decreased 
Intraday Gas 

Variability

Focus in 
Phase 1

Focus in 
Phase 2



 

Western Gas-Electric Study: Overview of Scenarios and Contingencies Page | 6 

Description: The Base Case is intended to represent a plausible vision of the future of energy 

supply and demand in the Western Interconnect given current industry characteristics and 

trends as well as existing energy policy. The electric sector’s demand for natural gas will be 

determined based on TEPPC’s 2022 Common Case, a set of production cost modeling inputs 

that captures both plausible future changes in electric load and electric generation resource 

mix, including: 

 Policy-driven energy efficiency; 

 Existing & planned utility demand response programs; 

 Policy-driven distributed generation; 

 Renewable generation consistent with state renewable portfolio standards; and 

 Generation additions & retirements based on utility IRPs and announcements. 

In the Base Case, these considerations will be captured by determining natural gas demand in 

the electric sector based on TEPPC’s 2022 Common Case. With the support of the TAG, the study 

team plans to make several limited but impactful adjustments to this case based on recent 

changes to the electric system: 

 Retirement of the 2,250 MW San Onofre Nuclear Generating Station (SONGS) in Southern 

California; 

 Retirement of Reid Gardner (550 MW), based on NV Energy’s announcement of intentions 

to retire the plant in 2017; and 

 Retirement of Four Corners Units 1-3 (560 MW), based on Arizona Public Service’s plan to 

retire those units by the end of 2013. 

In the Base Case, the capacity from each of these resources will be replaced with natural gas 

combined cycle generation. 

Demand for natural gas in the non-electric sectors will reflect the historical levels of 

consumption with adjustments for any expectation for future growth. Growth indices for each 

sector will either be based on a public analysis of future natural gas demand (e.g. EIA’s Annual 

Energy Outlook) or the integrated resource plans of LDCs that serve large portions of these 

loads. 

2. High Renewables Case 
Purpose: To study whether increased variability and uncertainty in natural gas demand by the 

electric sector—especially on an intraday time scale—will create new challenges for natural gas 

delivery infrastructure through the creation of a scenario that models renewable penetrations 

above current state RPS requirements. 
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Description: The Base Case assumes that each state will be in compliance with its current 

renewable policy goal in the future; however, a number of factors might drive continued 

renewable investment beyond the levels required by current policy: 

 Increases in state renewable portfolio standards; 

 High carbon taxes and/or continued renewable cost declines that lead to market-driven 

investment in renewable generation; and 

 State-mandated renewable procurement to replace the retirement of SONGS. 

Increases in renewable penetration would introduce additional variability in the use of natural 

gas in the power sector, as the sector would increase its reliance on gas generators to ramp and 

balance the intermittency of wind and solar resources. The intraday—potentially unforeseen—

swings in gas demand from these generators may challenge the operating ranges of natural gas 

pipelines. 

The additional renewables added to achieve higher penetrations will be determined by E3 under 

the guidance of the TAG but will capture regional variations in both availability and economics 

of different renewable technologies. In most states and provinces, the additional renewable 

generation will comprise either predominantly wind, predominantly solar, or a mix of the two 

technologies: 

 Predominantly wind: Alberta, British Columbia Idaho, Montana, Oregon, Washington, 

Wyoming 

 Predominantly solar: Arizona, Nevada 

 Mix of wind and solar: California, Colorado, New Mexico, Utah 

No changes to the demand for natural gas in the non-electric sectors in relation to the base case 

will be modeled in this case.  

3. Coal Retirement Case 
Purpose: To investigate whether a large and sudden increase in the total volume of natural gas 

demand by the electric sector will strain the physical capability of the pipeline systems by 

assuming the retirement of a substantial portion of WECC’s remaining coal fleet. 

Description: While a number of utilities have announced plans to retire some of the large coal 

plants in the Western Interconnect over the coming decade, many are slated to remain in 

service. However, several mechanisms could plausibly lead to further retirements over this time 

frame, examples of which might include increased power plant emissions restrictions at the 

federal level or a high carbon tax resulting in a transition away from coal generation resources. 
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The retirement of a sizeable portion of the remaining coal fleet in the Western Interconnect 

could result in a dramatic and rapid increase in the demand for natural gas in the region. 

E3 will work with TAG to specify a set of coal plants that remain online in the Base Case for 

retirement in this scenario. This scenario will assume that the capacity provided by retiring coal 

plants is replaced by natural gas generation in order for the Western Interconnect to maintain 

reliable operations throughout the year. As a result of this shift, the electric sector’s reliance on 

natural gas will increase throughout the year. 

No changes to the demand for natural gas in the non-electric sectors in relation to the base case 

will be modeled in this case. 

4. High Exports Case 
Purpose: To explore whether a sudden growth in exports of natural gas from the Western 

Interconnect could reduce the available capacity of pipelines needed to serve electric 

generators to a degree that the reliability of fuel supply is compromised. 

Description: A growing area of interest in the natural gas industry is the prospect of exporting 

natural gas from the Western Interconnect to other regions. Two immediate export paths are 

of interest in this study: 

1. Exports to Mexico from the Desert Southwest: The most immediate of these potential 

export sources is the possibility that regional pipelines in the Southwest would begin 

exporting large volumes across the border to Mexico. These exports would likely flow 

from gas production basins in Texas and New Mexico along the El Paso and 

TransWestern pipelines, both pipelines that have historically provided large volumes 

of gas to California in addition to serving loads in Arizona and New Mexico. 

2. Liquefied Natural Gas (LNG) Exports from the Pacific Northwest: A number of potential 

LNG export facilities along the Pacific coast are in various early stages of development. 

If constructed, these facilities would create a substantial new source of demand in the 

northwest. 

Without an increase in the capacity of interstate pipelines, it is possible that large export 

volumes could reduce the availability of gas to downstream areas—particularly California. 

To construct this scenario, no major changes will be made to the Base Case electric and non-

electric demands within the footprint of the Western Interconnect. The key characteristic of 

this scenario will be additional export volumes to Mexico from the southwestern region and 

overseas from the northwest, which will be specified based on industry consultation and 

publicly available sources.  
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Other Potential Scenarios 
Scenarios shown in Figure 1 but not included in the preliminary list in Table 3 have not been 

eliminated from consideration; however, the group decided not to include them at this point 

because of their expected similarity to one of the chosen scenarios. Specifically: 

 The impacts of the High DG scenario on electric system operations are expected to be 

comparable to the High Renewables Case; while the choice between distributed 

generation and central station renewables has important implications for the power 

sector, their impacts on the sector’s demand for natural gas at the bulk system level will 

be similar. 

 A High GHG Tax of sufficient magnitude could cause displacement of coal for gas 

generation in the Western Interconnection. It is perhaps also plausible that a very high 

tax would incent additional investment in renewables. These two outcomes are covered 

by the Coal Retirement Case and the High Renewables Case, respectively; in other words, 

a high GHG tax is a mechanism that might cause the realization of either of these 

scenarios. 

 Several candidate scenarios (Robust Economic Growth, Natural Gas Vehicles) would 

result in increases in the magnitude of natural gas demand during peak periods. While 

the impetus for the increase in natural gas demand in each of these scenarios is distinct, 

the Coal Retirement Case is currently perceived as an edge case among the multiple 

scenarios that result in increased demand. Similarly, the Low Renewables Case would also 

cause increased reliance on natural gas for generation, but would result in less variability 

than in the Base Case. 

 While a Sustained Drought would result in higher demand for gas over the course of a 

year, the capability of hydroelectric generation to meet peak demands during relatively 

narrow windows would remain largely unimpaired. Accordingly, a sustained drought 

scenario was not thought to result in a significant increase in demand for natural gas in 

the power sector during periods when natural gas infrastructure might be constrained. 

 Potential technology breakthroughs—either Gas Generation or Energy Storage—will 

have limited impacts on the power sector’s reliance on natural gas compared to most of 

the other disruptive changes being considered as potential scenarios, and thus are likely 

to show similar results to the Base Case. Additionally, much of the impact of technological 

breakthroughs likely will be beyond the 10-year timeframe of the study. 
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Description of Preliminary Contingencies 
The group also identified a narrower set of contingencies for analysis in this study. As with the 

Preliminary Scenario List, the set of contingencies presented in Table 4 is preliminary, and the 

group will consider feedback before finalizing this list. 

Table 4. Preliminary list of contingencies agreed upon by E3, GL, and TAG. 

Preliminary Contingency List 

1. Extreme Weather Events 
2. Gas Infrastructure Contingencies 

 

E3, GL, and the TAG have identified two types of contingencies for analysis: (1) extreme weather 

events that cause extreme demands for natural gas; and (2) gas infrastructure contingencies 

that reduce the amount of infrastructure available to deliver gas to loads. While each of these 

contingent conditions is described independently below, the team will also evaluate whether 

the system is vulnerable to a combination of these two sensitivities—that extreme weather 

events could result in not just increased demand for natural gas but infrastructure failures as 

well. 

1. Extreme Weather Events 
Purpose: To investigate the impact of regionally coincident and/or persistent extreme weather 

events on the demand for natural gas across all sectors and to explore the consequent 

implications for the power sector’s use of firm and/or interruptible service for gas deliveries. 

Description: A particular concern for the industry is the potential for coincident extreme 

weather across the WECC. Planning for extreme weather in the natural gas transportation 

industry typically occurs at a very local level: individual entities sign firm contracts with pipelines 

to provide fuel security even under extreme conditions; LDCs generally sign contracts to ensure 

they can meet demands on their “design days.” However, there is no entity responsible for 

studying the impacts of coincident extreme weather across a broad geographic area. One 

example of such an extreme event would be a sustained cold snap along the entire west coast, 

which could cause simultaneous peaks in natural gas demand among non-electric end users, 

leaving limited available pipeline capacity for gas generation at a time when electric heating 

demands could cause simultaneous extreme loads in the electric sector. E3 and GL, with 

guidance from the TAG, will search the historical record to find extreme weather events that 

cover broad geographic areas.  The team will attempt to characterize demand for natural gas 

under the most extreme weather conditions observed historically in order to represent this 

contingency. 

The degree to which natural gas generators rely on firm and/or interruptible service is of 

material importance in this contingency. Currently, there is no formal requirement or regulatory 

framework that requires generators to choose firm and/or interruptible service on pipelines. In 
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many cases, generators owned by vertically integrated utilities will be supported by firm 

contracts as utilities can pass these costs on directly to ratepayers; however, merchant 

generators may lack a clear mechanism for cost recovery of firm pipeline capacity contracts. 

The study of extreme weather events will help show whether a reliance on interruptible natural 

gas capacity is sufficient to ensure reliability of electricity service, or whether the electric sector 

should take additional measures such as procuring firm pipeline capacity or ensuring backup 

fuel capability in order to provide fuel security when extreme weather events cause high 

demand across a large area. 

2. Gas Infrastructure Contingencies 
Purpose: To determine whether infrastructure redundancy or fuel diversity might be necessary 

to maintain electric sector reliability by analyzing the largest single gas infrastructure 

contingency in each region (considering the impacts of such a contingency not only on that 

region but on potential areas downstream as well). 

Description: In the electric sector, systems are built with redundancy: NERC standards require 

that a system be able to withstand the loss of a major generator or transmission line (N-1 

planning) without impacting reliability. However, there is no similar requirement in the natural 

gas sector; this scenario will explore the implications of gas infrastructure contingencies for 

electric sector reliability. 

In the past decade, several notable and unpredictable events have resulted in sections of major 

natural gas pipelines being taken out of service temporarily: 

 In 2000, a section of 30-inch pipeline operated by the El Paso Natural Gas Company in 

New Mexico ruptured; this section of pipeline was taken out of service for repairs while 

two adjacent lines were taken out of service to investigate for damage; and 

 In 2005, a landslide outside of Centralia resulted in the movement of several pipelines 

operated by the Williams Northwest Pipeline; while no damage to the pipelines occurred, 

Williams shut down a section of 26-inch pipeline to ensure safety. 

As the power sector’s reliance on natural gas grows, it becomes increasingly important to 

understand the extent to which such large and unforeseeable events could have consequences 

on the ability of utilities to provide reliable services to their ratepayers. Accordingly, E3 and GL 

will work with TAG to identify a plausible extreme infrastructure contingency in each region 

analyzed, which will likely represent a major section of pipeline taken out of service. This type 

of contingency might either cut off access to a major supply basin or limit the ability to deliver 

gas to a specific location on the system, depending on how the contingency is defined. The 

specific cause of each contingency need not be specified directly, though could be the result of 

equipment failure, a natural disaster, an extreme weather event, or intentional sabotage. 
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Next Steps 
E3 and GL will continue to work with the TAG to refine the definition of each scenario and 

contingency but also remain open to the consideration of additional scenarios and 

contingencies. The team now seeks the feedback of a broader stakeholder community to ensure 

that the ultimate list chosen for analysis will confront the major potential challenges to electric 

reliability that could result from its reliance on the natural gas transportation infrastructure. 


