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1. Executive Summary
PNUCC’s Northwest Regional Forecast tells us utilities will increase gas‐fired generation
significantly over the next decade. With an uptick in the demand for natural gas on the
horizon, a PNUCC and Northwest Gas Association (NWGA) task force is digging deeper
into whether today’s gas infrastructure is adequate to meet tomorrow’s generating
needs. Although the current infrastructure appears to be adequate, there are more
questions that need to be answered.
A number of items are driving the move to gas. The growing demand for electricity, the
need for “flexible” resources to respond to the ups and downs of wind and solar
generation and the push to replace coal‐fired power plants are all factors. Over the next
decade these factors will increase the region’s natural gas‐fired generation by around
25%.
The biggest issue for gas‐fired generation in the Northwest isn’t the availability of the
fuel. It’s the infrastructure to transport gas to where it’s needed. Unlike electricity, gas
doesn’t move at lightning speed and getting it from one place to another has to be
planned well in advance.
In the first phase of its study, the
Power and Natural Gas Planning
Task Force focused on gas supply
and infrastructure in the Interstate
5 corridor. I‐5 runs through
Washington and Oregon’s major
population centers, home to
millions of people and large
industries that consume natural gas
directly. There are many large
natural gas‐fired power plants in
the corridor and more are planned.
Only one major pipeline serves the
I‐5 corridor – see adjacent map –
with gas storage facilities to
augment the supply.

I‐5 Corridor
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The task force zeroed in on this area because it appears to be where regional gas supply
problems will occur first. NWGA’s annual outlook for natural gas indicates questions
about the adequacy of pipeline and storage capacity to meet peak demand in the
corridor arise as early as 2014‐2015. Although this analysis finds that the current
infrastructure is sufficient to meet today’s needs, the ability to meet tomorrow’s needs
is still uncertain. Specifically, several important questions should be explored:




Can the existing gas infrastructure respond to rapid swings in electricity
demand?
How heavily can the region rely on fuel switching as a gas demand reduction
measure?
Do we need new pipeline and/or storage facilities in the next decade? If so,
when and where?

The Power and Natural Gas Planning Task Force will look into these and other questions.
We encourage you to read the initial report and stay tuned as the issues develop and
the answers take shape.
###
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2. Background and Need for Study
The recent and continued growth in natural gas demand in the Pacific Northwest has
largely been fueled by increased gas use in the electrical generation sector. This trend
will continue in response to three societal needs. The first is the need to meet
increasing demand for electricity including energy, capacity and flexibility requirements.
While the economy has not grown substantially due to the Great Recession, it is clear
that economic activity and growth in the demand for electric power will continue in the
future. The second and increasingly important factor is the need to respond to rapid
fluctuations in the electric power produced by variable wind generation. This increase
in wind power is being driven primarily by state renewable power standards. The final
societal need is to replace older coal‐fired power plants to reduce emissions. Together,
these factors will increase the regional nameplate natural gas capacity by at least 2,000
MW over the next decade.
The Interstate 5 (I‐5) Corridor passes through both Portland, OR, and Seattle, WA, along
with other major population centers. Running in close proximity to I‐5 is the Williams
Northwest Pipeline, a bi‐directional natural gas pipeline. This is the only major pipeline
serving Washington and Oregon west of the cascade mountain range. With the
transition to greater reliance on natural gas‐fired power plants underway, a key
question for both direct gas providers and electric utility companies is whether the
current I‐5 Corridor natural gas delivery infrastructure is adequate to meet both the
natural gas needs of the customers of local distribution companies and for electric
power generators.
The gas infrastructure in the region was built to serve entities that contract for service,
including local distribution companies, industrial end‐users, and base load power
generators (peaking electric power plants in the region have historically relied on oil as a
backup fuel and have not usually subscribed to firm pipeline service). Although the
Williams pipeline is fully subscribed for firm capacity, the infrastructure is sufficient to
meet current I‐5 corridor demand. The purpose of this paper is to provide an initial
analysis to better understand the implications of greater interdependence between
both the electric power and natural gas industries. Perhaps most importantly, this paper
begins to examine if today’s infrastructure is adequate to meet tomorrow’s needs.
The analysis presented in this paper was designed to achieve a reconnaissance level
understanding of the adequacy of the natural gas delivery infrastructure during a
forecast period of high demand during the winter of 2015. Given the region’s
dependence on the Williams pipeline, could a capacity shortage result in direct use or
electrical generation service interruption?
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3. NGA Outlook Approach
The Northwest Gas Association publishes a yearly gas outlook. This report provides a
peak day supply and demand balance for low, base and high gas demand forecasts for
the next 10 years. The 2012 Northwest Gas Association Outlook is used as a starting
point for this analysis.
The I‐5 Corridor was chosen as the area of concern because it appears to be where
natural gas supply problems are most likely to first appear. Due to the I‐5 corridors high
population density it has the greatest electricity and natural gas demand in the region.
The combined high level of natural gas and electric power demand during peak winter
days makes it a likely area of first concern.
Figure 1 is taken from the 2012 Gas Outlook and shows that if natural gas demand
grows at the high or medium levels of the Gas Association’s forecast there will be
insufficient pipeline and storage capacity to meet a peak day in 2014‐15 for the high
case and 2017‐18 in the base case. Under the base and high cases, peak day demand
could exceed the region’s infrastructure capacity within the forecast horizon. Given the
long lead times (3 + years) to increase pipeline capacity, or to add significant quantities
of storage, there could be natural gas supply problems in the I‐5 corridor during the last
half of this decade.

Figure 1 – Northwest Gas Association Peak Day Forecast
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Natural gas utilities design distribution systems to accommodate extreme but still
possible weather conditions (peak or design days). Figure 1 aggregates the design day
of natural gas utilities located in the I‐5 Corridor and southwestern British Columbia and
compares them against currently available capacity and storage. For a list of direct
service customers in the I‐5 Corridor, please see the appendix.
A few notes are in order concerning Figure 1. While the probability of design days
occurring in every system across the region on the same day (“coincidental peak day”) is
small, the possibility of very cold weather occurring simultaneously along the I‐5
Corridor is reasonably high. Furthermore, Figure 1 assumes that existing capacity in the
region is operating at 100 percent deliverability. Typically peaking power plants with
alternate fuels available will not be served with natural gas during times of peak natural
gas demand and are not included in Figure 1.
Figure 2 is also taken from the 2012 Gas Outlook report. The figure shows pipeline
infrastructure currently serving the Northwest. The available natural gas storage sites,
underground and liquefied natural gas, are also shown. It is important to note that
much of the I‐5 Corridor is served by only by the Williams Northwest Pipeline. This
single dependency makes the delivery network more fragile than if there were multiple
redundant pipelines providing support if a problem occurs on a critical gas delivery
facility.

I‐5 Corridor

Figure 2 – Natural Gas Pipelines and Storage Facilities in the Northwest
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Storage plays an important role in meeting natural gas demand during peak winter days.
The figure above shows the region’s two primary storage facilities at Jackson Prairie,
WA, and Mist, OR. These support peak demand in the I‐5 corridor by providing an
additional supply of natural gas, although their ability to store gas is limited. There are
also liquefied natural gas (LNG) storage facilities shown on the map. But it should be
noted that it can take many months to fill an LNG storage facility and only a few days to
deplete one.
The following, Table 1, shows a more detailed breakdown of the base case forecast for
natural gas by sector and the available sources of supply. These estimates are for a
peak winter day in the I‐5 Corridor.

Table 1 – 2012 Gas Outlook Demand and Supply Data
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The 2012 Gas Outlook identifies a potential shortfall in the ability to meet projected gas
demands in the I‐5. However, this analysis does not represent the uncertain nature of
electric power plant operations. Demand for natural gas needed for electric power
generation is difficult to predict because it responds to many uncertainties. Electric
power generation must respond to fluctuations in customer demands during an
extreme weather events, hydropower generation can be limited due to poor water
conditions at hydropower plants and like all machines power generators are subject to
unanticipated failures. Additionally, some electric power plants have the ability to
switch to alternative fuels such as oil but this is limited by physical storage of oil on site
and environmental limitations. The highly uncertain nature of electric power loads and
generation make it a challenge to properly evaluate potential interactions between the
natural gas and electric power systems that could potentially cause problems with
natural gas supply and delivery.
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4. Natural Gas Use for Electric Power Generation in the I-5 Corridor
The 2012 Gas Outlook supply/demand balance assumes the level of gas for power
generation shown in Table 1. This includes some plants operating at maximum levels
and other plants operating off of backup fuel. To better understand the potential for
electric power generators to consume natural gas during peak periods of natural gas
demand it was necessary to simulate electric power operations during 2015.
The following analysis utilized a regional power production cost model and focused on
operations for every hour of 2015. The model is a detailed production cost simulation
model that can evaluate the impact of possible sources of uncertainty caused by major
variables such as weather, hydropower production and wholesale power market prices.
To help understand the range of possible outcomes this analysis was conducted over
500 simulated future operating scenarios. Unlike the 2012 Gas Outlook report, this
analysis does not take fuel switching into account.
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The results provide a range of natural gas for power generation that can be compared
with the assumptions used in the 2012 Gas Outlook. Figure 3 shows the results of the
analysis for a peak day in January 2015 for all electric power generation in the I‐5
Corridor. Figure 3 also relies on the estimates of “direct use” and total supply from the
2012 Gas Outlook. This shows that the total gas demand is roughly in balance with the
total gas supply including full use of storage facilities as is shown in Figure 3.

I-5 Corridor Peak Day
January 2015
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Figure 3 – Simulated Maximum Demand for Natural Gas for Electric Power Generation
Combined with Direct Use of Gas (coincidental peak day)
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Table 2 contains a list of power plants that are in the I‐5 corridor. These plants were
chosen to provide an aggregate picture of the demand for natural gas during peak
periods in the winter of 2015. The natural gas to supply these plants must be delivered
by the same natural gas infrastructure that serves all other users in the I‐5 corridor. The
combination of direct use and fuel for electric power generation for a peak day is
compared to the total gas infrastructure delivery capability available in the I‐5 corridor
and as reported in the 2012 Gas Outlook. This analysis presents what might be a
reasonable “worst case” scenario for a coincidental peak day.

Table 2 – Natural Gas Use by Electric Power Generation in the I‐5 Corridor
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Figure 4 shows the modeled use of natural gas for power production for each month in
2015 based on this analysis. This chart shows the average monthly consumption of
natural gas and the peak hourly demand to fuel the power plants in the I‐5 Corridor. For
a point of comparison, the 2012 Gas Outlook estimated peak “direct use” of natural gas
in the I‐5 Corridor is shown for the month of January.
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Figure 4 – Natural Gas Use for Power Generation by Month
However, the analysis provides additional detail about how electric power plants are
likely to operate across the peak day. The simulated hourly operation of the Northwest
natural gas power plants indicates that individual plants are not likely to operate flat for
24 hours. Rather, they typically ramp up their generation from low levels in the morning
to higher levels in the afternoon and evening. Examples from the simulation of winter
and summer days have been examined to explore the range of natural gas demand
throughout the day. The implications of power plant ramping on pipeline and storage
operations needs to be further examined.
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Dec

Figure 5 illustrates the simulated operations of all natural gas fired power plants in the I‐
5 Corridor. The graph contains example operations for both a summer and winter day
(note that these are not peak days). The pattern for both days is similar due to the
typical shape of electric power demand throughout the day. Demand for electricity
begins at its lowest in the period near midnight and then begins to climb when the work
day starts and peaks in the late afternoon/early evening. This pattern is observable in
Figure 5 and shows that demand for natural gas mirrors the demand for electric power
over the day. The implications of gas demand changing from approximately 5,000
dekatherms (Dth) per hour to over 30,000 Dth per hour needs to be investigated with
pipeline operators.
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Figure 5 – Hourly Gas Demand for Electric Power Generation
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It is not clear how much flexibility the existing pipeline infrastructure has to meet rapidly
changing demands from electric power plants. However, Figure 6 illustrates estimates
of the rate of change in gas plant demands for natural gas that resulted from these
studies. This figure shows that over an 8 hour period gas demand could increase by
over 20,000 Dth via demand ramping up or fall almost 30,000 Dth. Please note that
these swings are not hourly – rather they show the difference between period X and the
period eight hours earlier. These swings on natural gas demand need to be evaluated to
determine what impacts this could have on pipeline and storage operations.
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Figure 6 – Rate of Change in Natural Gas Demand for Power Generation, 8 hour delta
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Figure 7 provides an estimate of the total gas demand for electric power generation
over the peak day in both winter and summer. This figure shows that daily demand for
gas is higher and more linear in winter months.
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Figure 7 – Cumulative Example Day Natural Gas for Power Generation Use
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The analysis conducted for I‐5 power plant operations in 2015 was combined with
estimates of direct use and available supply from the 2012 Gas Outlook report. The
results of this combined analysis are shown in Table 3. The Outlook analysis estimated
that 806,947 Dth of natural gas would be needed to meet power plant production needs
during a peak winter day. However, the analysis estimated that the total demand for
natural gas could reach 995,172 Dth. This is 23 percent higher demand than anticipated
in the Outlook 2012 analysis and suggests that there would be a shortfall in gas
deliveries that day of 25,782 Dth. It should be noted that scenarios exceeding the
estimated maximum supply only occurred in 3 of 500 simulations and that there likely is
enough backup fuel available to absorb a one day shortfall of 25,782 Dth. The absolute
worst case would be a power demand that required all power plants in the I‐5 Corridor
to be operating using natural gas at the same time ‐ this would result in a daily shortfall
of 307,789 Dth, nearly 10 percent of the estimated direct use.

Table 3 – Peak Day Simulated Operations with 2012 Gas Outlook Direct Use and
Supply
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5. Next Steps
No definitive conclusions have been made from this analysis. However there are times
in this simulated operation when the winter demand of gas for generation plus the
expected direct use of gas exceeds the infrastructure’s supply capability. These
conditions require further study to better understand when electric power generation
will be limited by natural gas supply and delivery capability or whether switching to
alternative fuels can alleviate these problems.
Specifically, the following questions should be answered so that both the natural gas
and electric power industries better understand physical limitations and points at which
additional gas supplies and pipeline delivery capabilities will be needed.







Will the existing gas infrastructure be adequate to meet the range of hourly
demands from power generators? Low and high limits?
Are there limits to the rate of change that the existing infrastructure can provide?
What seasons of the year will pose the greatest challenges, given that direct use of
gas varies dramatically from winter to summer and the seasonal nature of natural
gas storage?
What is the effect of backup fuel on these estimates and is there additional backup
fuel needed?
When will new pipeline and/or storage infrastructure be needed and how much
should be added in what locations?
What level of reliability should the gas transportation strive to achieve? 1 in 20
years, 1 in 100 years?
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6. Appendices
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