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Executive Summary

Resource Adequacy is one component of Bulk Power System (BPS) reliability, and the subject of the

Western Assessment. It is evident, based on the findings of the Western Assessment, that traditional

methods of resource planning will not be adequate in the future due to the increasing variability on the

system. If high levels of resource adequacy are to be preserved, resource planning methods and

practices must adapt.

The Western Assessment is a probabilistic analysis
of resource adequacy across the entire Western
Interconnection at an hourly level for the next 10
years. WECC developed the assessment based on
data collected from Balancing Authorities (BA)
describing their demand and resource projections
for that period. The Western Assessment evaluates
two scenarios for each of five subregions in the
West (See Figure 1). Each scenario comprises three
variations (See Figure 2). These scenarios highlight
a broad range of future resource possibilities,
including known and expected resource

retirements.

Figure 2: Western Assessment Scenarios

Variation 1:
Existing
Resources (EX)

Scenario 1:
Stand-Alone

Region is required to
meet its own demand
without imports.

Variation 2:
Tier 1 Resources
(T1)

Scenario 2:

Imports
Variation 3:

Tier 1+2
Resources (T2)

Region can use imports
to meet its demand.
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Figure 1: Western Assessment Subregions
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Key Findings

Finding 1: Under Scenario 1, which requires each subregion to meet its own demand without imports,
all subregions show some risk of unserved demand, regardless of the addition of Tier 1 and Tier 2

resources.

Under all variations studied in Scenario 1, there are hours with insufficient resources to supply

demand and maintain planning reserve margins.

Finding 2: When subregions can import energy (Scenario 2) most hours of potential unserved demand
can be resolved.

Under the most optimistic assumptions about future loads, ODITY

resources, and imports, there are still hours in which the The One-Day-in-Ten-Years

interconnection does not meet the ODITY threshold for all 10 (ODITY) threshold represents a
years studied. The Desert Southwest (DSW) and Northwest Power | tolerance level of experiencing a

Pool-Central (NWPP-C) subregions, and the southern California loss of load event once every 10
years. The ODITY threshold

translates to a 99.97% probability
of being resource adequate over
e The analysis indicates that in 2021, under Scenario 2 a 10-year period.

Variation 3, which includes the most optimistic generation

portion of the California and Mexico (CAMX) subregion are most

at risk of experiencing unserved load.

availability assumptions, there could be one to eight hours in which subregions will not be able

to meet the planning reserve margin required to maintain the ODITY threshold.

e The results worsen as the assumptions about resource construction and reliance on imports

span to the more realistic, less optimistic end of the spectrum.

Finding 3: Increasing levels of variable resources drive the resource adequacy issues observed in this

analysis.

While load variability affects resource adequacy, increasing levels of variable resources, like wind and
solar, primarily drive the results of this analysis. The resource mix will continue to change rapidly, and
variable resources will continue to grow as consumers demand and states push toward clean energy

sources.

e Variable resources provide less certainty and fluctuate more than traditional baseload resources
such as coal, natural gas, nuclear, and some hydro. Increasing levels of variable resources have
led to inconsistent availability. As a consequence, resource planning becomes more challenging

because a greater number of resources are not consistently available to meet load.

e Load variability continues to escalate due to factors such as the changing climate, increases in

distributed energy resources, and electrification of the transportation sector. Behind-the-meter
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resources, such as rooftop solar, also increase demand variability. Load growth is projected to
stay relatively flat in the future due to the expected increase of behind-the-meter resources.

The compounding effect of retiring baseload resources and increasing variable resources contributes to
the increased resource adequacy risks described in this assessment.

Finding 4: Historical approaches to resource planning, if unchanged, will result in a significant

degradation of resource adequacy.

e The typical deterministic approach to resource planning identifies the peak demand hour,
applies a flat, fixed planning reserve margin, and compares this information to the expected
generation capacity. This approach assumes that if the highest demand hour is resource
adequate, all other periods are as well. Historically, this approach was successful because
system variability was relatively low, and entities could rely on the consistency of resource
availability. However, as variability increases,

the certainty of generation availability for Western Heatwave Event, August 14-19, 2020

imports decreases, meaning, reliance on What: Extreme heatwave

imports becomes more precarious. Temperatures: 10°-20°F above normal

e Reduced availability of excess generation Resource demand: Increased beyond forecast

coupled with an increase in the demand for levels
imports can result in multiple entities relying Resource supply: Shortages
on the availability of the same imported Result: August 14 and 15, California shed load

resource. The result is a shortfall in generation = resulting in multiple blackouts
to meet load, as was the case during the

Western Heatwave Event of August 2020.

Recommendations

In the interest of achieving high-levels of system reliability, WECC recommends the following

adaptations for planning entities:

Recommendation 1: Planning entities and their regulatory authorities should consider moving
away from a fixed planning reserve margin to a probabilistically determined margin. As variability

grows, a dynamic planning reserve margin will better ensure resource adequacy for all hours.

Recommendation 2: Planning entities should consider not only how much additional capacity is
needed to mitigate variability, but also the expected availability of the resource. Understanding the

differences in resource type availability is crucial to performing resource adequacy studies.

Recommendation 3: Planning entities should coordinate their resource planning efforts on an
interconnection-wide basis each year to help ensure they are not all relying on the same imports to
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maintain resource adequacy. This coordination will help subregions make assumptions about

import availability in the context of the entire interconnection.

In addition to recommendations for planning entities, WECC will continue its stakeholder engagement
on resource adequacy (e.g., Resource Adequacy Forum) and expand its engagement as needed to
complete specific work.
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Introduction

With its independent, interconnection-wide perspective, WECC is uniquely positioned to undertake
impartial assessments of risks to the reliability of the BPS in the Western Interconnection. In doing so,
WECC can provide regulators, policymakers, Registered Entities, and other interested stakeholders
with credible and reliable information and useful insights that facilitate informed decision making.

In support of its mission to mitigate reliability and security risks to the BPS, in June 2020, WECC
published and adopted the 2020 WECC Reliability Risk Priorities (WRRP).! The four priorities reflect
the most significant challenges to reliability in the Western Interconnection. Resource adequacy is one
of the four priorities. As such, WECC has undertaken an in-depth resource adequacy assessment of the
Western Interconnection. This report, the Western Assessment of Resource Adequacy (Western
Assessment), is the product of that initiative. WECC expects to

. Planning Entities
produce the Western Assessment annually in the future.

The following groups
The Western Assessment examines resource adequacy over the next perform resource adequacy
10 years across the Western Interconnection and provides a series of assessments in the Western
key findings and recommendations. It complements NERC’s Long- Interconnection. They are

collectively referred to as
Planning Entities throughout
this report.

Term Reliability Assessment (LTRA)? of North America as well as
resource adequacy assessments performed by western subregional
planning groups. As requested by stakeholders in 2019, the Western

. i, . ) e Regional Planners
Assessment provides additional analysis of resource adequacy in the
Western Interconnection under assumptions that differ from those in * Balancing Authorities

the LTRA. Specifically, the differences include: * Load Serving Entities

e Analysis of scenarios that reflect the least favorable resource

assumptions (a conservative view of future capacity availability);

e Information on capacity surpluses and deficits given in megawatts in addition to planning

reserve margin percentages;

e Analysis of planning reserve margins prior to net firm imports, to demonstrate what happens

when subregions must rely on their own resources.?

12020 WECC Reliability Risk Priorities

22020 NERC Long-Term Reliability Assessment

3 WECC's assessment process evaluates resource adequacy on a Western Interconnection-wide basis, which
ensures resources, including imports, are counted once and only once to avoid reliance by multiple entities on a
single resource.

wr 7



https://www.wecc.org/Reliability/2020%20WECC%20Reliability%20Risk%20Priorities.pdf
https://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/NERC_LTRA_2020.pdf

Western Assessment of Resource Adequacy Report

The Western Assessment comprises four sections:

1.
2.

About This Assessment: Detail about the analytical methods, tools, and data
Western Interconnection Findings: Findings for the Western Interconnection
Subregion Findings: High-level findings for each of the five subregions

Appendices: Additional technical detail on WECC’s Multi-Area Variable Resource Integration
Convolution (MAVRIC) model and a list of resource retirements assumptions used in the

analysis.

The Western Assessment will be published in two phases. This report provides the information,

analysis, key findings, and recommendations for the entire Western Interconnection, as well as a high-

level view of the findings for each of the subregions. The second phase will include in-depth analysis

and findings for each of the subregions. WECC anticipates publishing the subregional analyses in the

tirst quarter of 2021. WECC will undertake outreach and educational briefings in 2021, which promote

the findings of the Western Assessment to regulators, policymakers, Registered Entities, and interested
stakeholders.
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About This Assessment

This section offers an in-depth explanation of WECC’s process for developing the Western Assessment,
including the tools, data, assumptions, and thresholds WECC uses.

Reliability Analysis Components

The Western Assessment addresses the first of the following three components of a comprehensive

reliability analysis:

1. Resource adequacy assessments examine whether existing and planned resources (those
expected to be built by a certain time) will meet forecast demand plus a reserve margin. They
further evaluate uncertainties in future scenarios, e.g., planned generation is not built, existing
generation is retired, or demand is greater than expected.

2. Transmission adequacy assessments examine whether there is enough transmission built or

planned to be built to transfer energy from generation to load.

3. Contingency analysis and system stability assessments examine the effects on the power
system during and immediately after disturbances.

WECC addresses transmission adequacy and system stability through other initiatives it undertakes in

keeping with its reliability mission.
Figure 3: Subregions Studied in the

Subregion Description Western Assessment

Resource adequacy impacts are observed at an
interconnection-wide level, while resource availability
and demand occur at a more granular level and are
highly dependent on location and system topology. To
account for this, the Western Assessment examines
resource adequacy both at the interconnection-wide

level and within each of the following subregions (See o

Figure 3): . Northwest
) NWPP
e Northwest Power Pool Northwest (NWPP-NW) Northeast
e NWPP Northeast (NWPP-NE)
e NWPP Central (NWPP-C) NWPP Central
e California-Mexico (CAMX) CAl\El‘it
e Desert Southwest (DSW) - Desert
Southwest

These groups align with the three reserve sharing

groups in the interconnection —the California
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Independent System Operator (CISO), the Southwest Reserve Sharing Group (SRSW), and the
Northwest Power Pool (NWPP). However, the largest reserve sharing group, NWPP, has been divided
into three separate subregions according to peak season. The summer-peaking Balancing Authority
Areas (BAA) are grouped together into the central subregion. The northwestern and northeastern
regions are both winter-peaking.

Scenarios

The Western Assessment evaluates two scenarios for each of the five subregions in the West, and each
scenario comprises three variations (See Figure 4). These scenarios highlight a broad range of future

resource possibilities, including known and expected resource retirements.

Figure 4: Western Assessment Scenarios and Variations

Scenario 1: Scenario 2:
Stand-Alone Imports
Region is required to Region can use imports
meet its own demand to meet its demand.

without imports.

A A

Variation 2:
Tier 1 Resources
(T1)

Variation 1:
Existing
Resources (EX)

Variation 3:
Tier 1+2
Resources (T2)

Includes resources that Existing resources plus Existing and Tier 1

are in service and can those under resources plus those

be expected to run in construction and currently in licensing,

future forecasts. expected to be in siting, etc. but not yet
service in the forecast under construction.
year (Tier 1).

Methods

Historically, the electricity industry analyzed resource adequacy using a deterministic or static
approach. This approach compares the amount of available generation capacity to demand on the
highest demand-day of the season or year, plus a planning reserve margin. It assumes that if resources
can cover demand under peak conditions, the same is true for all other hours of the year. This process
was sufficient when load was relatively predictable and the majority of generating resources had
consistent output, e.g., thermal, natural gas, coal, nuclear, and some hydro resources. As loads have
shifted and the resource mix in the Western Interconnection has changed to include more variable

resources, the methods used to analyze resource adequacy have also changed. Today resource
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adequacy is largely analyzed using Figure 5: WECC's Resources Adequacy Analysis Process
probabilistic processes, looking at hourly

results across a range of supply and demand

) BA demand BA resource
scenarios. forecasts + projections

(10 years) (10 years)
The Western Assessment is a probabilistic
analysis of resource adequacy across the v
entire Western Interconnection, at an hourly
level, for the next 10 years (See Figure 5). The e MAVRIC
Probabilistic Model

Western Assessment was developed based on
data collected from BAs describing their
demand and resource projections for that v
period. WECC inputs this data into its

MAVRIC model to conduct the probabilistic Rﬁiig:;g’a;g;n Balance

analysis.* The MAVRIC model balances the each hour over system
the next 10 years.

system (matching generation to load) for each

hour of the study period to calculate a

planning reserve margin. Then the model balances the system to the expected demand. The model
determines whether there are enough resources in the interconnection to meet expected demand while
maintaining reserves to account for any variations from the expected forecasts or loss of generation.
The results from this analysis are used to determine where resource shortfalls may occur in the system
over any given study period. WECC’s resource adequacy analysis is described in detail in the following

sections.

1. Demand Forecasts

Each year WECC requests 10-year demand forecasts from BAs. The BAs provide monthly energy and
monthly peak information for the 10-year study period which is presented in three time frames: annual,
peak day, and peak hour. Annual demand is the amount of energy in megawatt-hours (MWh) needed
to serve an area during the forecast year. Annual demand information shows how energy demand is
expected to fluctuate based on weather and seasonal patterns. Peak hour and peak day demand
indicate the maximum demand expected on the peak hour of the day in which the peak hour occurs. In
resource adequacy analysis, the shape of daily demand is important in determining how available

resources must respond to changes in demand (i.e., ramping).

Demand forecasts are inherently inaccurate because actual demand is subject to influences that are

impossible to predict, such as weather events, technology and efficiency developments, operational

+ More information on the MAVRIC is provided on page 14. Detailed information appears in Appendix A.
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decisions, and changes in use patterns. The further out the forecast year, the more inaccurate the
forecast is, both annually and on the peak day and hour.

To account for the inevitable variability, Figure 6: Sample Demand Forecast Distribution Curve
WECC looks at every demand forecast

using a representative distribution (See

Figure 6). The distribution shows the range

of demand at different likelihoods or

probabilities. The expected demand is the

demand level at the 50th percentile, also

referred to as the “1-in-2 scenario” or

“50/50” demand, because 50% of the time

demand may be below and 50% of the time 5 10 33 50 67 90 95
demand may be above this number. At the Percentile

67th percentile there is a 67% chance

demand will be at that level or lower while there is a 33% chance that demand will be higher.
Conversely, at the 33rd percentile there is a 33% chance demand will be at or lower than that level, and
a 67% chance it will be higher. The pattern follows for the other percentiles. The 90th and 10th
percentiles are referred to as 1-in-10 scenarios, the 95th and 5th percentiles are referred to as the 1-in-20

scenarios.

WECC’s resource adequacy analysis looks at not only the 50/50 demand, but also each of the other
probability distributions. This results in a range of possible demand levels for every hour of the day
over 10 years, each with its own probability of occurring. The model then attempts to match each

demand level with resources.

2. BA Resource Projections

Resource availability must accommodate demand variability; however, like demand, resource
availability fluctuates. Probabilistic analysis evaluates the range of resource availability for every hour
of the year over the 10-year study period. Determining resource availability is complicated due to
factors that constrain how much energy the assessment can assume a resource can provide at any given

time. These factors include:
e Resource type, specifically related to the consistency of energy generation
o Baseload resources have relatively consistent output

o Variable resources, like run-of-river hydro, wind, and solar, are heavily dependent on
environmental factors. Their output changes frequently throughout the hour, day, season,

and year

e Weather and temperature

wr 12




Western Assessment of Resource Adequacy Report

» Fuelsupply Figure 7: Example Supply Forecast Distribution Curve

e Equipment failure
e Equipment age

Probabilistic analysis helps account for
the variability of resource availability
by evaluating the range of possible
output levels of each resource. This is
done using a representative
distribution that shows the probability

of a resource being available, similar to

5 10 33 50 67 90 95

Percentile

the manner in which demand is analyzed (See Figure 7).

In addition to factors that may change the amount of energy a resource can produce, the analysis must
account for circumstances that may prevent a resource from producing any amount of energy, such as

retirement and delays in building (called “build status”).

Resource retirements are a key assumption in resource adequacy analysis. The retirement of resources
is often driven by financial, operational, and political factors, making them complex to predict. Unit
retirements that are reported to WECC, and additional units that are anticipated to retire, are removed
from the dataset on the effective retirement date. This treatment assures the exclusion of retired units
from the studies post-retirement. WECC annually revisits the resource retirement assumptions for the
Western Interconnection. Appendix B lists the name and effective retirement date for all units retired

during the study period.

Another critical assumption in resource adequacy analysis is the build status of new resources included
in forecast years, but not operating in the current year. Resource adequacy analyses must account for
the possibility that generation plants may be delayed or canceled. To account for changes in build
status, WECC evaluates scenarios with different assumptions about resource availability, defined by

three categories of resources®:

1. Existing (EX): Resources that are in service and can be expected to run in future forecasts,

barring unforeseen circumstances that take them off-line;

2. Tier-1 (T1): Resources that are under construction and expected to be complete and available for
the year being studied; and

5 A list of all resources included in this analysis can be found in the MAVRIC Resources.
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3. Tier-2 (T2): Resources that are under contract but have yet to begin construction. These
resources may be on-line by the year being studied.®

Together with demand information, resource availability information is put into WECC’s probabilistic

model to determine required planning reserve margins.

3. MAVRIC Model

The MAVRIC model is WECC’s in-house probabilistic modeling tool that overlays forecast demand
and forecast resource availability to calculate planning reserve margins needed to maintain resource
adequacy. Unlike other probabilistic models and methods, the MAVRIC model does not require a
planning reserve margin as an input. Instead, the MAVRIC uses forecast demand and resource
availability to calculate a planning reserve margin that meets a predetermined resource adequacy
threshold for each hour of the study period.

A resource adequacy threshold represents a planning entity’s tolerance to unserved demand. While
there are many ways to assess tolerance to unserved demand, WECC applies the commonly used One-
Day-in-Ten-Years (ODITY) threshold. The ODITY threshold represents a tolerance level of experiencing
a loss of load event once every 10 years. The ODITY threshold translates to a 99.97% probability of
being resource adequate over a 10-year period.

To measure resource adequacy against the ODITY threshold, WECC uses a Loss-of-Load Probability
(LOLP) metric. The LOLP measures the probability of system daily peak or hourly demand exceeding
the available generating capacity during a given period. While there are many metrics used in the
electric utility industry to measure resource adequacy, WECC uses the LOLP metric because it aligns
with the results produced by the MAVRIC model.”

Using the demand and resource availability data and applying the LOLP metric to measure resource
adequacy against the ODITY threshold, WECC determines planning reserve margins for every hour of
the study period.

4. Planning Reserve Margins

A planning reserve margin is an amount of energy held by an entity above what is necessary to meet
demand at any given time. Planning reserves are used to compensate for variability in demand or
resource availability. For simplicity, planning reserve margins are typically expressed as a percentage
of the total demand; however, it is useful to know the amount of power, called megawatts (MW),

¢ Entities provide WECC data on a third tier of resources. Tier 3 resources are generic placeholder resources that
an entity knows will be necessary in future years but has not yet specified, planned, or sited.

7 Other resource adequacy metrics include: Loss-of-Load Hours (LOLH), Loss-of-Load Expectation (LOLE), Loss-
of-Load Event (LOLEV), and Expected Unserved Energy (EUE). For more information on these metrics see the
2018 NERC Probabilistic Adequacy and Measures.
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represented by the percentage. Demand is variable, so 15% of demand for one hour does not equate to
the same number of megawatts as 15% for another hour. The Western Assessment provides planning
reserve margins as both a percentage and actual megawatts.

Calculating dynamic planning reserve margins across the entire Western Interconnection is how
WECC’s Western Assessment differs from many subregional assessments. The Western Assessment
complements and enhances the work of subregions in three ways:

1. WECC uses demand and resource availability information to calculate planning reserve

margins. This may differ from
Figure 8: WECC's Process Complements

subregional assessments that use Subregional Assessments

demand and resource information, as

well as a static planning reserve margin WECC Assessment

to check the sufficiency of resources. If

Entity Resource Adequac
the expected resources can meet the Reserve Margin Y veemente
Determination

expected peak demand, with a proper

X . Resource Plan
planning reserve margin, the resource SRR (Reserve Margin from
+ WECC Assessment)
lan is deemed adequate. The two
p q Interconnection-wide v
methods complement each other because information about

import availability

WECC’s method can help entities

determine what planning reserve margin

Resource
to use in their evaluation of resource plan Adequacy Check

sufficiency (See Figure 8).

2. WECC calculates dynamic planning reserve margins, which account for the increasing
variability on the system. Subregional assessments may use a predetermined planning reserve
margin above expected demand to check the sufficiency of resource plans. The planning reserve

margin is usually determined based on the peak hour of the summer and winter season.®

3. Unlike the analyses undertaken by the subregions, the Western Assessment provides a
simultaneous analysis of the entire Western Interconnection that evaluates what happens across

and between subregions.
Calculating the Planning Reserve Margins

The MAVRIC model uses demand and resource availability probabilities to determine a dynamic,
probability-based planning reserve margin. Overlaying the demand and resource distribution curves
helps illustrate how the model determines the planning reserve margin necessary to meet the ODITY
threshold for the LOLP metric (See Figure 9).

8 Regulatory authorities establish planning reserve margins.
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Figure 9: Example Planning Reserve Margin Calculation

Risk tolerance threshold Demand ARe::‘.IO l;'l‘fe
is .05% chance of vailability
unserved load. Planning Reserve Margin = 20 MW/20%
[ 9]
Possible
unserved load
90 100 110 120 130

MW

In the example, the demand curve shows the 50/50 or expected demand at 100 MW, with the possibility
of high demand of approximately 110 MW (95th percentile). Likewise, the generation availability is
expected to be 120 MW with low availability around 110 MW (5th percentile). In the illustration, the
curves intersect at 110 MW, and the overlap of the two curves (colored red in the illustration) is where
the probability of loss of load can occur. To calculate the probability illustrated by the overlap of the
two curves, the probability of the demand variable is multiplied by the probability of the resource
availability. The product is then divided by two to produce the LOLP (See Figure 10).°

Figure 10: LOLP Calculation
Probability of Demand X Probability of Resource Availability

(Overlap) (Overlap)
LOLP =

In this example, there is a 5% probability of demand being above the 95th percentile, and there is a 5%
probability that availability will be below the 5th percentile. Therefore, the LOLP is equal to (.05 x .05)/2
=.00125. This LOLP is then compared to the ODITY threshold (99.97%) to determine whether the

subregion is resource-adequate for the hour being studied.

The required planning reserve margin in this example is equal to the difference between the 50/50
demand and 50/50 resource availability scenarios, in this case 20 MW or 20% of the 50/50 demand. This

9 The results are divided by two to reflect the likelihood of demand being higher than supply in the possible
unserved load area.
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would result in over a 99% probability of zero unserved demand. A margin lower than 20% could
result in a higher probability of more unserved demand (the curves would move closer together,
increasing the size of the overlap representing possible unserved load). A margin greater than 20%
could result in less possible unserved demand (the curves would move further apart). In fact, with a
planning reserve margin of 25% the probability of experiencing any unserved load in this illustration is
nearly zero because there is no overlap in the curves. In other words, resource availability, in every

case, is above demand.
Planning Reserve Margin Range

WECC calculates minimum, median, and maximum hourly planning reserve margins for each BA and
aggregates the results into the five subregions. The minimum threshold represents the least amount of
planning reserves needed to reach the resource adequacy threshold, while the maximum represents the
largest amount of reserve needed to reach the threshold. Likewise, the median level is the amount
needed to reach the resource adequacy threshold when half the events are above and half the events
are below that threshold.

Providing a range of planning reserve Figure 11: Example Planning Reserve Margin Plot
margins is beneficial in two ways: it Mt Median e Masimm
shows the variability in required planning 5%

reserve margins across the year, and it 40%

allows the planner to identify the g.o 35%

planning reserve margin that corresponds S 30%

with their unserved demand tolerance % 25%

level. As shown in Figure 11, during the & 2O:°

winter and summer months the variability izo:

in the required planning reserve margin is 59,

lower than in the spring and fall. This 0%

means the difference between the g g g g g g g g § g g g
minimum, median, and maximum § § 5: § }7‘2 %; ;t': % § é’ﬁ § §

planning reserve margin is smaller in the
winter and summer. Given all three levels
of planning reserve margin, and their corresponding risk tolerance, the planner can see the potential

impacts of planning to a particular planning reserve margin.

Once the planning reserve margins are determined for every hour, WECC uses the MAVRIC model to

examine potential scenarios for how entities might balance demand and resource availability.
Static vs. Dynamic Planning Reserve Margins

Traditionally, utilities used a static planning reserve margin in their resource adequacy analyses

because baseload resources, the primary generation source, have low variability. However, as more
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variability is added to the system, the static margin may represent a reserve level that is too high or too
low, depending on variations in demand and resource availability. Dynamic planning reserve margins
help account for variations in demand and resource availability across seasons and hours of the day.

WECC calculates planning reserve margins for every hour of the 10-year study period. Doing so
provides information on planning reserve margin changes and patterns across hours, seasons, and
years. An examination of these patterns validates WECC’s method. When the hourly planning reserve
margins for an entire year are plotted and compared to the expected peak demand, it becomes clear
that, in many cases, the peak demand time is not when the greatest planning reserve margin is
required. In other words, while demand is highest on the peak hour for any given subregion, the
variability in demand, resource availability, or both can be greater during a different time. Therefore,
planning to a static planning reserve margin to meet the peak demand may result in a system with the
potential for unserved load during times of high variability (See Figure 12 and Figure 13).

Figure 12: Example Planning Reserve Margin Plot (%)
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Figure 13 Example Planning Reserve Margin Plot (MW)
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The graphs above represent a winter-peaking subregion in which the peak demand is expected to occur
sometime in mid-January (represented by the gray bar). During that period the median reserve margin
(gold line) ranges from 17% to 19%, which is consistent with a static 18% reserve margin based on the
peak hour. As result, during the expected peak hour, the static reserve margin is likely adequate to
cover the median (50/50) scenario. However, during the spring and summer months the variability on
the system (in demand, resource availability, or both) increases and requires a higher reserve margin,
even though the load is lower than the peak hour.

From February to September the median reserve margin ranges from 18% to 27%, meaning an 18%
static reserve margin may not be enough to keep the subregion resource adequate at all times. In the
case of the maximum dynamic reserve margin, the static 18% reserve margin is insufficient at all times
of the year. Even under the minimum reserve margin, there are times in February through May when
load may not be served. The same situation exists when analyzing the planning reserve margin in MW
(See Figure 13).

Figure 12 and Figure 13 illustrate that the peak day is not the period that necessarily requires the
largest planning reserve margin. Planning reserve margins are important when assessing resource
adequacy because they provide a layer of security that considers the variability in the system. This is
consistent with the understanding that planning reserve margins help compensate for variability on the
system. The peak hour is not the time of greatest variability, so it does not require the greatest reserve

margin. Therefore, calculating a static reserve margin based on the peak hour results in a reserve
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margin that may not be adequate during time of great variability, as was the case in the 2020 Western

Heatwave Event.

In addition, Figures 11 and 12 illustrate that planning reserve margin requirements by percentage and
by MW are not simultaneous. In other words, the highest reserve margin by percent does not correlate
to the highest reserve margin by megawatt. This is because the planning reserve margin calculated as a
percent fluctuates according to demand (% = reserve margin [MW]/demand [MW]). This means the
highest percentage planning reserve margin, and the highest MW planning reserve margin, likely occur
on different days. Therefore, it is critical to look at planning reserve margins as both percentages and

megawatts.

5. Balancing the System

The MAVRIC model uses demand and resource availability information to balance the system and to
ensure planning reserve margins are met for every hour over the 10-year study period. An area such as
a subregion can meet its hourly planning reserve margins through a combination of existing resources,

new resources in Tier 1 or Tier 2, and imports.

If an area cannot meet its planning reserves from its own resources, it will need to import energy or
build more resources. Both remedies have associated risks because neighboring subregions may not
have excess power or transmission available to export power, or construction projects may be delayed
or cancelled. If these risks materialize, and are not mitigated, there may be hours where demand is at
risk of not being served. If the probability of unserved demand is within the entity’s risk tolerance, the
entity may choose to rely on more speculative options. However, if the probability of unserved
demand exceeds the entity’s risk tolerance, it may need to change its resource plans, e.g., postpone

retirement of resources.
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Western Interconnection Findings

This section provides key findings and recommendations for the Western Interconnection.

Key Findings

Based on the ODITY threshold for planning reserve margins, the historical flat planning reserve
of 15% falls significantly short not only for extreme cases, but also for expected conditions for

the stand-alone scenario (Scenario 1).

All subregions show a risk of unserved demand in all three variations of Scenario 1 (stand-alone
without the ability to use imports).

The DSW and NWPP-C subregions, and the Southern California portion of the CAMX
subregion are most at risk of potentially experiencing unserved load, even when including all
Tier 1 and 2 resource additions and importing from other subregions.

Observations

Over the next 10 years, annual peak demand in the Western Interconnection is expected to

increase at about a 1% annual growth rate.

The Western Interconnection is expected to remain a summer peaking region. However,
demand on the winter peak hour is expected to grow faster than the summer peak hour. This
change is driven by rooftop solar reducing demand on the traditional summer peak hour.

Baseload resources typically have higher levels of availability than variable resources. It is
expected that baseload resources will continue to be retired and replaced by variable generation
resources. Consequently, there will be a decrease in generation availability, which will be
further exacerbated without the addition of controllable capacity.

Demand Figure 14: Western Interconnection Coincident Peak (by Season)
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year and is forecast to reach almost 145 GW in 2021 growing by an average of 1% per year to over 158

GW by 2030 (See Figure 14).10

Because of the diversity of the Western Interconnection, each subregion peaks at a different time and

season (See Table 1).

Table 1: 2021 Subregional Peak Demand Under Average Conditions

NWPP-NW
NWPP-NE
DSW

NWPP-C
CAMX

Peak Time

Peak Demand

Mid-January 39,700 MW
Early February 14,800 MW
Early July 25,700 MW
Mid-July 36,400 MW
Late August 51,300 MW

In addition, demand variability varies greatly across the subregions depending on weather and

demand composition.

The CAMX subregion has the
greatest variability due to the
expected increase in rooftop solar.
In 2021, the expected (50/50)
demand in the CAMX subregion is
approximately 51.3 GW, with a 5%
probability that the demand could
be 23% higher, up to 63.0 GW (See
Figure 15). On the opposite end of
the spectrum, in the NWPP-NE
there is only a 5% variance
between the expected demand of
14.8 GW and the extreme demand

= N
o O

Figure 15: 2021 Subregional Demand Variability
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of 15.6 GW (5% probability). Resource planning in the CAMX subregion must account for much greater

demand variability.

Generation Nameplate Capacity

Additions reported in the assessment are limited to resources that are currently under construction

(Tier 1), or that have started an approval process such as licensing, siting, or permitting (Tier 2) (See
Figure 16). Most of the Tier 1 and Tier 2 resources are planned to be built by 2025, the fifth year of the

10 Coincident peak demand is the greatest hourly demand for the entire system at the same time. The coincident
peak is not necessarily the peak for individual subregions or entities.
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study period. Beyond this time, entities use generic placeholder generation assumptions to account for
future resource needs. These resources, called Tier 3 resources, are not included in this assessment.

Figure 16: Western Interconnection Total Nameplate Capacity 2021-2030
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Historically, baseload thermal resources have accounted for the largest portion of generation reported
in resource portfolios. However, in recent years many coal-fired resources have retired and been
replaced by variable generation resources. The 30 GW of coal-fired generation that exists today is
expected to drop to 16 GW by 2030; however, some of the coal-fired retirements are expected to be
offset by additions in natural-gas fired generation, which is forecast to increase from 91 GW in 2021 to
over 96 GW by 2030 (See Figure 17).

Figure 17: Western Interconnection Baseload Breakdown
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Hydro resources with storage Figure 18: Generation Availability by Resource Type 2021

are critical to reliably operate

the western grid as they are B Expected M 5% Likelihood

able to respond quickly to 140 12%
changes in variable 120
. 100
generation; however, run-of- %
river hydro resources add to % 60
the variability in availability. 40 35%
Currently, the Western 20 I. 64% 929
Interconnection has about 54 0 e —
GW of hydro resources Baseload Hydro Solar Wind
Resource Type

mainly located in the Pacific
Northwest, and the 10-year
resource forecast indicates

hydro resources may increase slightly to just over 55 GW by 2030.

In recent years the most common resources added to the western grid have been solar and wind
generation. Currently, in the Western Interconnection, wind and solar resources total over 54 GW and

it is expected those resources will total over 60 GW by the end of 2030.

Generation Availability

Sufficient generation capacity is critical for serving demand; however, resources are not always
available to generate energy when needed. Generation availability can be affected by fuel interruption
or maintenance requirements. Fuels like the wind and the sun are not controlled by the generating
units and may reduce the resource’s availability. Planning for such variations in generation availability

is critical when assessing resource adequacy.

Baseload resources display the greatest generation availability, but availability can be reduced by
interruptions in fuel supply or forced outages due to equipment failure (See Figure 18). The Western
Assessment indicates that, at the time of the 2021 interconnection coincident peak, ~131 GW of baseload
resources are expected to be available. However, in a low resource availability scenario with 5%

probability of occurring, baseload resources could drop by as much as ~16 GW.

The availability of hydro resources is typically dependent on two variables, the strength of the water
year, and the availability of water storage behind dams. Hydro generation is expected to be capable of
producing 44 GW annually, but there is a 5% probability that output could be as little as 28 GW.

Although wind and solar are currently not major sources of energy in the interconnection, the
variability of their production needs to be factored into planning processes. During the Western
Interconnection’s peak hour, solar generation is expected to produce ~16 GW and wind generation is
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expected to contribute ~5 GW. However, due to the high variability of these resources, under adverse
conditions there is a 5% probability that solar generation may drop to as low as 5 GW and wind

generation could drop to less than 1 GW.

Generation availability is Figure 19: Generation Availability by Subregion 2021
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Planning Reserve Margin

Planning reserve margins are important when assessing resource adequacy because they provide a
layer of security that accounts for the variability in the system. As the resource mix evolves and
demand patterns change, planning reserve margins must be adjusted to capture the increasing
variability in both resources and demand. Many entities are transitioning from the traditional
deterministic planning model to a probabilistic approach to account for the increase in supply and
demand variability.

The Western Assessment demonstrates that a fixed planning reserve margin is not sufficient to assure
resource adequacy at all hours of the year. As the resource mix continues to evolve, and demand
patterns change, planning reserve

) ] Figure 20: 2021 Reserve Margin Requirement (%)
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required planning reserve margins for the following demand and generation probabilities:

e Median (50/50): represents the
planning reserve margin Figure 21: 2021 Reserve Margin Requirement (MW)
required to meet the ODITY
threshold for half of the hours
of 2021. 14,000

Maximum @ Median Minimum

e Minimum: represents the 12,000 11448
. / 11,084
smallest planning reserve 10,000

margin required in 2021 to
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702
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Demand at Risk

The Western Assessment demonstrates
that the Western Interconnection will Figure 22: Demand at Risk Hours

continue to see hours where the
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The Western Assessment determines
the number of hours where the ODITY
threshold is not being met; these hours
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S = N W = O O g o Vo

are referred to as demand at risk
000 000 I 000

hours!! (See Figure 22).
2021 2022 2023 2024

11 WECC only reports the results of the first four years because beyond 2024 entities use Tier 3 resources to serve
demand. Tier 3 resources are generic placeholders for future resources that have yet to be identified, planned, or
sited. The Western Assessment does not include Tier 3 resources, which means the potential demand at risk for
years five through 10 is exaggerated because demand increases according to the entities’ forecasts, but resources
do not.
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In addition, the assessment Figure 23: Demand at Risk in Average MW
determines the average MW (MWa)
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corresponding hours (See Figure 23). CAMX—No. Cal. @ NWPP-NW NWPP-NE
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hours in which the interconnection does not meet the ODITY threshold for all 10 years studied.

The DSW and NWPP-C subregions, and the Southern California portion of the CAMX subregion are
most at risk of potentially experiencing unserved load. Even when including all Tier 1 and 2 resource
additions and importing from other subregions these subregions will fall below their planning reserve
margins in each of the first four years of the study period. This trend continues into 2025 and beyond,
indicating additional resources must be built to mitigate any risk to resource adequacy and its

contribution to the reliability of the Western Interconnection.
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Subregion Findings

This section provides high-level findings for each of the five subregions. Detailed findings and
recommendations for the five subregions will be provided separately in the first quarter of 2021.

Northwest Power Pool—Northwest (NWPP-NW)
The NWPP-NW subregion covers the British Columbia ==

i

]

province, the states of Washington and Oregon and

portions of Montana, Idaho, and California. The NWPP- ;j{& o ]
¥ 3 . | ;,f(
NW is a winter peaking subregion that is highly %W ’ e _
dependent on hydro generation to serve demand. 2 : | ™
Key Findings for the NWPP-NW Tl s
Demand ‘, e J
Ui { N INweP T e
§ TR 'Northeast I
In 2021, the NWPP-NW subregion is expected to peak in y e | (]
mid-January at approximately 39,300 MW. Overall, the i f g . 2y =
NWPP-NW subregion should expect a 51% ramp, or Ll Mwﬁégf?Cenr;}'g'\s"' i B
13,400 MW, from the lowest to the highest demand hour s AM&X " "‘ “ T
of the peak demand day. %4 50 - ||
N Desert | 4
o There is a 5% probability that the subregion RO o e el

could peak as high as 45,300 MW, which equates

to a 15% load forecast uncertainty.

Resource Availability

The expected availability of resources on the peak hour in 2021 is 44,400 MW. However, under low
resource availability conditions, the NWPP-NW subregion may only have 29,200 MW of resources
available to meet the expected 39,300 MW peak demand. Although there is only a 5% probability of this
occurring, a large amount of external assistance would be needed to meet demand under low-

availability conditions.

Availability by Resource Type

e Baseload resources account for roughly 14,700 MW of the subregion’s resource availability, and
under low availability conditions, a 5% probability, baseload resources could supply as little as
12,300 MW.

e Hydro generation availability could range from an expected availability of 29,400 MW to a low
of 17,200 MW; again, a 5% probability.
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e Wind resources reflect the greatest amount of variation in availability. Wind generation
availability, under expected conditions, could contribute as much as 300 MW, or under adverse
conditions with a 5% likelihood of happening, could have a 0% availability and not produce any
energy.

Planning Reserve Margin

For 2021, an annual planning reserve margin of 15% is sufficient to maintain the median (50th
percentile) resource adequacy ODITY threshold for the NWPP-NW subregion. However, during the
spring months when variability in energy supply and demand is highest, a planning reserve margin as
high as 42% may be needed to maintain the ODITY threshold. As more variable resources are added to
the system, a larger planning reserve margin is needed to compensate for variability in the system and

remain resource adequate.

Annual Demand at Risk
Figure 25: NWPP-NW Potential Demand at Risk Hours
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Energy at Risk

In 2021, approximately 26 GWh of demand is at risk in the Stand-Alone-EX scenario (See Figure 25).
Spread over the 208 hours at risk in this scenario, (See Figure 24), this translates to about 123 MW of
unserved demand per at-risk hour. This trend continues through 2024 with increasing levels of demand
at risk each year for the Stand-Alone-EX scenario.

These results indicate that for the Stand-Alone scenario, under all variations, additional or different
types of resources, above those planned to be added over the next four years, are needed for the
NWPP-NW subregion to remain resource adequate and avoid unserved demand.
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Northwest Power Pool—Northeast (NWPP-NE)

The NWPP-NE subregion consists of the northeastern ™
portion, the east side of the Rocky Mountains, of the %
Western Interconnection. The NWPP-NE is a winter W

peaking area that covers the Alberta province of |
Canada and portions of the states of Montana, Idaho, i B ,
Wyoming, South Dakota, and Nebraska.

Key Findings for the NWPP-NE ‘g{‘l-;.r:lthif%l?t«, |

ha8 el < . == e

A T NWPP | ;
Demand j o Northeast =~ | 1

In 2021, the NWPP-NE subregion is expected to peak Ly L
in early February at approximately 14,800 MW. ; sl“ NWP"P‘;:“"CEH.E;E;@I;”'

Overall, the NWPP-NE subregion should expect a 30% CAQ& | b :;"‘ i
ramp from the lowest to the highest hour of the peak U : Deé . L;— .

demand day. This equates to approximately a 3,400 : , Southwest e
MW change. i § \ \;': !

e In 2021, there is a 5% likelihood that the LS g ;
subregion could peak as high as 15,600 MW, which equates to a 5% load forecast uncertainty.

Resource Availability

The expected availability of resources on the peak hour in 2021 is 19,600 MW. Under low resource
availability conditions, the NWPP-NE subregion would have approximately 16,700 MW of resources
available to meet the expected 14,800 MW peak, an amount sufficient to cover the expected peak

demand.

Availability by Resource Type

¢ Baseload resources account for roughly 17,000 MW of availability with a 5% probability that
resources could be as low as 15,200 MW.

¢ Wind generation could contribute as much as 900 MW under the expected conditions. Under
low availability conditions, it is probable (5% likelihood) that wind would generate no energy.

Planning Reserve Margin

For 2021, an annual planning reserve margin of 15% is sufficient to maintain the median (50th
percentile) resource adequacy ODITY threshold for the NWPP-NE subregion. The highest reserve
margin needed in 2021 is expected to be around 22% due to limited variability in generation availability

associated with baseload resources. As more variable resources are added to the system, a larger
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planning reserve margin is needed to compensate for variability in the system and remain resource

adequate.

Annual Demand at Risk

Hours at Risk

Figure 26 shows the number of expected hours in 2021-2024 where the ODITY threshold of resource
adequacy is not met for each of the six scenarios studied. In 2021, in each of the Stand-Alone scenarios
the NWPP-NE subregion could experience up to 4,200 hours where the ODITY threshold of resource
adequacy is not maintained. These results indicate that, starting in 2021, even with all planned resource

additions, the subregion still needs external assistance to maintain resource adequacy.

In all variations of the Import scenario (EX, T1, and T2), there are no hours that fail to meet the ODITY

threshold.

Energy at Risk

In 2021, about 575 GWh of demand is
at risk across each of the Stand-Alone
scenarios (See Figure 27). Spread over
the 4,200 hours at risk in each of the
Stand-Alone scenarios (See Figure 26),
this translates to about 137 MW of
unserved demand per at-risk hour in
each scenario. This trend continues
through 2024, with increasing levels of
demand at risk each year in all Stand-

Alone scenarios.

These results indicate for the Stand-
Alone scenario, under all variations,
additional or different types of
resources beyond those planned to be
added over the next four years, are
needed for the NWPP-NE subregion to
remain resource adequate and avoid

unserved demand.
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Figure 26: NWPP-NE Potential Demand at Risk Hours
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Figure 27: NWPP-NE Potential Demand at Risk GWh
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Northwest Power Pool—Central (NWPP-C) & BN

The NWPP-C subregion consists of the central portion e S
of the Western Interconnection. This subregion is the
summer peaking section of the Northwest Power Pool o i iy

and covers all of Nevada, Utah, and Colorado, and parts % : ‘ &

of Idaho, Wyoming, and California.

Key Findings for the NWPP-C

NW PP i R
Al I theast :

Demand .-

In 2021, The NWPP-C subregion is expected to peak in Fl 7 ek a e
mid-July at approximately 36,400 MW. Overall, the 1§ IR St -

cA ng*‘

NWPP-C subregion should expect a 104% ramp, or ‘,
18,500 MW, from the lowest to the highest hour of the T Deseft) | |

Southwest S

peak demand day.

In 2021, there is a 5% probability that the subregion
could peak as high as 42,200 MW, which equates to a

16% load forecast uncertainty.

Resource Availability

The expected availability of resources on the peak hour in 2021 is 42,400 MW. Under low resource
availability conditions, the NWPP-C subregion may only have 30,500 MW available to meet the
expected 36,400 MW peak. Although there is only a 5% probability of this occurring, a large amount of

external assistance would be needed to meet demand under low availability conditions.

Availability by Resource Type

e Baseload resources account for roughly 30,500 MW of the subregion’s resource availability, and
under low availability conditions (5% probability), baseload resources could supply as little as
25,500 MW.

e Solar generation availability could range from an expected availability of 3,900 MW to a low of
1,500 MW.

Planning Reserve Margin

For 2021, an annual planning reserve margin of 21% is sufficient to maintain the median (50th
percentile) resource adequacy ODITY threshold for the NWPP-C subregion. However, in the months
when variability in energy supply and demand is highest, a planning reserve margin around 32% may

be needed to maintain the ODITY threshold. As more variable resources are added to the system, a
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larger planning reserve margin is needed to compensate for variability in the system and remain

resource adequate.

Annual Demand at Risk

Hours at Risk

Figure 28 shows the number of expected hours from 2021 through 2024 where the ODITY threshold of
resource adequacy is not met for each of the six scenarios studied. In 2021, in the Stand-Alone-EX
scenario the NWPP-C subregion could experience as many as 822 hours where the ODITY threshold of
resource adequacy is not maintained. Under the Stand-Alone-T1 scenario, the number of hours with
potential demand at risk is reduced to 791. This is further reduced to 708 hours under the Stand-Alone-
T2 scenario. These results indicate that while additional Tier 1 and Tier 2 resource help, the subregion

still needs external assistance to maintain resource adequacy.

In 2021, under the Import-EX scenario,

Figure 28: NWPP-C Potential Demand at Risk Hours
there are 14 hours where the ODITY &

threshold may not be met and load is Stand-alone EX m Stand-alone T1 B Stand-alone T2
at risk. In 2022, in both the Import-EX mImports EX W Imports T1 m Imports T2
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Import-EX and Import-T1 scenarios.
Figure 29: NWPP-C Potential Demand at Risk GWh
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the NWPP-C subregion can import energy from outside the subregion, there are still hours where
demand is at risk, equaling more than 40 GWh in 2024.

These results indicate for the Stand-Alone Scenario, under all variations, additional or different types of
resources, above those planned to be added over the next four years, are needed for the NWPP-C

subregion to remain resource adequate and avoid unserved demand.
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California and Mexico (CAMX) & BN

The CAMX subregion is a summer peaking subregion 4% o
that consists of most of the state of California and a
portion of Baja California, Mexico. The CAMX o | I.“r‘_‘

subregion has two distinct peak periods, one in southern (. | )
California and one in northern California. To highlight ;

how their different peaks impact resource adequacy, the

Demand at Risk section reports southern California and b ! ‘K\ i P e a0

northern California separately. ; i 1A 3 O R R

Key Findings for the CAMX # .

Demand 1

In 2021, the CAMX subregion is expected to peak in late g R 50?;?%1 e :Sl' L
August at approximately 51,300 MW. Overall, the )
CAMX subregion should expect an 81% ramp, or 23,300
MW, from the lowest to the highest demand hour of the

peak demand day.

e In 2021, there is a 5% probability that the subregion could peak as high as 63,000 MW, which

equates to a 25% load forecast uncertainty.

Resource Availability

The expected availability of resources on the peak hour in 2021 is 57,800 MW. Under low resource
availability conditions, the CAMX subregion may only have 44,400 MW available to meet a 51,300 MW
expected peak. Although there is only a 5% probability of this occurring, a large amount of external

assistance would be needed to meet demand under low availability conditions.

Availability by Resource Type

e Baseload resources account for roughly 45,000 MW of the subregion’s resource availability, and
under low availability conditions (5% probability), baseload resources could supply as little as
41,000 MW.

e Solar generation availability could range from an expected availability of 6,500 MW to a low of
1,000 MW; again, a 5% probability.
Planning Reserve Margin

For 2021, an annual planning reserve margin of 15% is sufficient to maintain the median (50th
percentile) resource adequacy ODITY threshold for the CAMX subregion. However, in the months

when variability in energy supply and demand is highest, a planning reserve margin around 40% may
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be needed to maintain the ODITY threshold. As more variable resources are added to the system, a
larger planning reserve margin is needed to compensate for variability in the system and remain

resource adequate.

Annual Demand at Risk—Northern California

Hours at Risk

Figure 30 shows the number of expected hours from 2021 through 2024, where the ODITY threshold of
resource adequacy is not met in northern California for each of the six scenarios studied. In 2021, in the
Stand-Alone-EX scenario, the northern California portion of the CAMX subregion could experience as
many as 32 hours where the ODITY threshold of resource adequacy is not maintained. Under the
Stand-Alone-T1 scenario, the number of hours with potential demand at risk is reduced to 13. This is
further reduced to 10 hours under the Stand-Alone-T2 scenario. These results indicate that, even with
all planned resource additions, the

subregion still needs external Figure 30: CAMX—No. Cal. Potential Demand at Risk Hours

assistance to maintain resource
Stand-alone EX m Stand-alone T1 M Stand-alone T2

adequacy.
B Imports EX B Imports T1 B Imports T2

In 2022, under the Import-EX scenario, 40
there is one hour where the ODITY

threshold may not be met and load is 30
at risk. This increases to two hours at 2 20
risk in 2024. These results indicate T
10
that, even with all planned resource I
additions and importing excess energy 0o = - T —
2021 2022 2023 2024

from other subregions, there are still
hours at risk for unserved energy in
the Import-EX scenario. However,
there are no hours that fail to meet the Figure 31: CAMX—No. Cal. Potential Demand at Risk GWh
ODITY threshold for the Import-T1

and Import-T2 scenarios.

Stand-alone EX W Stand-alone T1 W Stand-alone T2

B Imports EX B Imports T1 B Imports T2
Energy at Risk
In 2021, about 3 GWh of energy is at

risk in the Stand-Alone-EX scenario
(See Figure 31). Spread over the 32

hours at risk in this scenario (See

GWh
NwW R Ul o

—_

Figure 30), this translates to about 84 0 -
MW of unserved demand per at-risk 2021 2022 2023 2024
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hour. The amount of energy at risk in the Stand-Alone-EX scenario fluctuates, revealing no trend
through 2024. Even when the northern California portion of the CAMX subregion can import energy
from outside the subregion there are still hours where demand is at risk.

Annual Demand at Risk—Southern California

Hours at Risk

Figure 32 shows the number of expected hours from 2021 through 2024, where the ODITY threshold of
resource adequacy is not met for southern California in each of the six scenarios studied. In 2021, in the
Stand-Alone-EX scenario, the southern California portion of the CAMX subregion could experience as
many as 300 hours where the ODITY threshold of resource adequacy is not maintained. Under the
Stand-Alone-T1 scenario, the number of hours with potential demand at risk is reduced to 140. This is
further reduced to 124 hours under the Stand-Alone-T2 scenario. These results indicate that, even with
all planned resource additions, the

southern California part of the CAMX Figure 32: CAMX—So. Cal. Potential Demand at Risk Hours

subregion still needs external
Stand-alone EX M Stand-alone T1 B Stand-alone T2

assistance to maintain resource
B Imports EX W Imports T1 W Imports T2

adequacy.
500
In 2021, under all variations of the 400
Import scenario, there are hours where - 300
the ODITY threshold is not met and ::;
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each year through 2024. These results o W= .- o= .-
indicate that, even with all planned 2021 2022 2023 2024
resource additions and importing
excess energy for other subregions,

there are still hours at risk for Figure 33: CAMX—So. Cal. Potential Demand at Risk GWh
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risk hour. The amount of energy at risk in the Stand-Alone-Ex scenario fluctuates through 2024.

Even when the southern California portion of the CAMX subregion can import energy from outside the
subregion, there are still hours where demand is at risk.

These results indicate for all variations of the Stand-Alone scenario, additional or different types of
resources above those planned to be added over the next four years, are needed for the southern
California part of the CAMX subregion to remain resource adequate and avoid unserved demand.
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Desert Southwest (DSW) RE e
The DSW subregion is a summer peaking area that \‘w:&&- : o
. . . LA : i
covers all of Arizona and New Mexico and portions of U | o
Texas and California. ﬁéiﬂf o fy
’r,% | Y

Key Findings for the DSW

Demand
The DSW subregion is expected to peak in early July at \ o 4 ihoas: i‘ul kr
approximately 25,700 MW. Overall, the DSW subregion oo % AN if
should expect a 100% ramp, or 12,800 MW, from the Pl e
lowest to the highest demand hour of the peak demand g ;;3“5 W s "\a i
day. A
e Desert F= |—
e There is a 5% probability that the subregion © W Southwest By
could peak as high as 29,100 MW, which equates i o
to a 13% load forecast uncertainty. { e 5

Resource Availability

The expected availability of resources on the peak hour in 2021 is 29,300 MW. Under low availability
conditions, the DSW subregion may only have 24,300 MW available to meet a 25,700 MW expected
peak. Although there is only a 5% probability of this occurring, a large amount of external assistance

would be needed to meet demand under low availability conditions.

Availability by Resource Type

e Baseload resources account for roughly 25,000 MW of the subregion’s resource availability, and
under low availability conditions (5% probability), baseload resources could supply as little as
21,900 MW.

e Solar generation availability could range from an expected availability of 1,400 MW to a low of
800 MW; again, a 5% probability.

Planning Reserve Margin

For 2021, an annual planning reserve margin of 16% is sufficient to maintain the median (50th
percentile) resource adequacy ODITY threshold for the DSW subregion. However, in the months when
variability in energy supply and demand is highest, a planning reserve margin around 27% may be
needed to maintain the ODITY threshold. As more variable resources are added to the system, a larger
planning reserve margin is needed to compensate for variability in the system and remain resource

adequate.
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Annual Demand at Risk

Hours at Risk

Figure 34 shows the number of expected hours in 2021-2024, where the ODITY threshold of resource
adequacy is not met in each of the six scenarios studied. In 2021, in the Stand-Alone-EX scenario, the
DSW subregion could experience as many as 415 hours where the ODITY threshold of resource
adequacy is not maintained. Under the Stand-Alone-T1 and Stand-Alone-T2 scenarios, the number of
hours with potential demand at risk is reduced to 283 hours. These results indicate that even with all

planned resource additions the subregion still needs external assistance to maintain resource adequacy.

In 2022, under the Imports-EX and Imports-T1 scenarios, there are 41 and 14 hours, respectively, in
which the ODITY threshold is not met and load is at risk. The number of hours at risk increases for
both scenarios between 2022 and 2024. These results indicate that, even with all planned resource
additions and importing excess energy

for other subregions, there are still Figure 34: DSW Potential Demand at Risk Hours

hours at risk for unserved energy.
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In 2021, the total energy at risk in the 1000
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2024, with increasing levels of demand o o o o
at risk each year.
These results indicate for all Figure 35: DSW Potential Demand at Risk GWh
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Appendix A

Multiple Area Variable Resource Integration Convolution Model

The Multiple Area Variable Resource Integration Convolution (MAVRIC) model was developed to
capture many of the functions needed in the Western Interconnection for probabilistic modeling. The
Western Interconnection has many transmission connections between demand and supply points, with
energy transfers being a large part of the interconnection operation. A model was needed that could
factor in dynamic imports from neighboring areas. The Western Interconnection has a large
geographical footprint, with winter-peaking and summer-peaking load-serving areas, and a large
amount of hydro capacity that experiences large springtime variability. The ability to study all hours of
the year on a timely run-time basis was essential for the probabilistic modeling of the interconnection.
Additionally, the large portfolio penetration of Variable Energy Resources (VER), and the different
generation patterns depending on the geographical location of these resources, called for correlation
capability in scenario planning. MAVRIC is a convolution model that calculates resource adequacy
through Loss-of-Load Probabilities (LOLP) on each of the stand-alone (without transmission) load-
serving areas. The model then calculates the LOLP through balancing the system with transmission to a
probabilistic LOLP. Finally, MAVRIC can supply hourly demand, VER output, and baseload

generation profiles that can be used in production cost and scenario planning models.

Figure 1: MAVRIC Process Flowchart
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To calculate the LOLP of each of the load-serving areas, probability distributions are needed for each
generating resource in the Western Interconnection, as well as for the demand of each Balancing

Authority.

In step one, probability distributions for the demand variability are determined by aligning historical
hourly demand data to each of the Balancing Authorities in the database. The first Sundays of each
historical year are aligned so that weekends and weekdays are consistent. Each hour is then compared
against a rolling seven-week average for the same hour of the same weekday. This establishes the
difference between the historical hour and the average. MAVRIC uses each of these percentages to
calculate a percentile probability for a given hour based on the variability of the three weeks before and
three weeks after the given hour for each of the historical years. The output of this step is a series of

hourly percentile profiles with different probabilities of occurring.

Figure 2 represents the probabilities for one hour. The peak is the expected deterministic forecast and is
set at 100%. The profiles above or to the right of the peak are greater than 100% and those below or to
the left are lower than 100% depending on the variability for each hour.

Figure 2: Demand Probability Disruption Sample
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Determining the availability probability distributions for the VERs (water, wind, and solar-fueled
resources), is conducted like the demand calculations but with two notable differences. The first, and
most significant, difference is the time frame used in calculating the VER availability probability
distributions. For VER fuel sources, the day of the week does not influence variability, as weather is
variable weekday or weekends. Therefore, the need to use the data from the same day of the week is
not necessary. This allows the VER distributions to be condensed to a rolling seven-day window using
the same hour for each of the seven days of the scenario. The other difference is that the historical

generation data is compared against the available capacity to determine the historical capacity factor
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for that hour to be used in the percentile probability calculation. The output of this process is a series of
hourly percentile profiles with different probabilities of occurring. A random hour profile for each of
the VER types is shown in Figure 3. Wind and hydro run-of-river units are positively skewed, while
solar and hydro storage units are negatively skewed, meaning their distributions “lean” to the left and

right, respectively.

Figure 3: VER Probability Distribution Samples
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Hydro facilities with storage capability are highly correlated with demand data. Although the fuel

source, rain or snow runoff, is variable and not influenced by the day of the week, the ability to store
the fuel leads to different operating characteristics between weekdays and weekend days. Therefore,
the availability distributions for these resources are calculated the same as the demand distributions.

The distributions of the baseload resources, nuclear, coal-fired, gas-fired, and in some cases, biofuel
and geothermal resources (Step 2—MAVRIC Process Flowchart), is determined by using the historical
rate of unexpected failure and the time to return to service from the NERC Generation Availability
Data System (GADS). Generator operators submit data that summarizes expected and unexpected
outages that occur to their generating units. The annual frequency and recovery time for the
unexpected outages is used to calculate the availability probability distributions for baseload resources.
Through Monte-Carlo random sampling, MAVRIC performs 1,000 iterations for each resource,
calculating the available capacity on an hourly basis for all hours of a given year. The model randomly
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applies outages to units throughout the year adhering to the annual frequency of outage rates for those
units. Once a unit is made unavailable, the mean time to recovery is adhered to, meaning for a certain
period of hours after the unexpected failure, that unit remains unavailable. The total available baseload
capacity for each load serving area for each hour, is then computed and stored as a sample in a
database. After 1,000 iterations, the data points of availability for each hour are used to generate
availability probability distributions. The output of this process is consistent with the VER
distributions, in that a series of hourly percentile profiles with different probabilities of occurring is
produced. A random hour profile is represented in Figure 4. The peak is the expected deterministic
forecast and shows a distribution that is very negatively skewed, meaning the tail to the left is longer

than the right.

Figure 4: Baseload Probability Distribution Sample
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MAVRIC then combines the 10-year forecast demand and resource capacity to represent the hourly
forecast demand and availability distributions (Step 3—MAVRIC Process Flowchart). The 50th
percentile of the demand distributions is set equal to 100%, with the other percentiles of the
distribution ranging above and below to represent the variability in that hour (See Figure 2). The
hourly demand forecast in MW multiplied by each of the percentiles of the probability distribution, is
then used to create a distribution of hourly MW forecast. For generation, each of the probability
distributions represent capacity factor levels of availability (See Figure 3). Therefore, by taking an
expected capacity of each of the different types of resources and multiplying by each of the profiles, a
distribution of hourly MW forecast is derived. Once the availability distributions are combined,
MAVRIC compares the distributions (Step 4 —MAVRIC Process Flowchart).

Step 4 represents the comparison of the hourly demand distributions with the generation availability
distributions for each of the load serving areas. For each hour the distributions are compared to one
another to determine the amount of “overlap” in the upper tail of the demand distribution with the
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lower tail of the generation availability distribution. The amount of overlap and the probabilities
associated with each percentile of the distributions represents the LOLP. This would be the
accumulative probability associated with the overlap. If the probability is greater than the selected
threshold, then there is a resource adequacy shortfall in that area for that hour. A resource adequacy
threshold planning reserve margin can be determined to identify the planning reserve margin needed
to maintain a level of LOLP at or less than the threshold.

If there are hours determined from the calculations in Step 4 where the LOLP is greater than the
resource adequacy threshold MAVRIC analyzes whether imports can satisty the deficiency (Step 5—
MAVRIC Process Flowchart). MAVRIC goes through a step-by-step balancing logic where excess
energy, energy above an area’s planning reserve margin to maintain the resource adequacy threshold,
can be used to satisfy another area’s resource adequacy shortfalls. This is dependent on the
neighboring areas having excess energy as well as there being enough transfer capability between the
two areas allowing the excess energy to flow to the deficit area. MAVRIC analyzes first order transfers,
external assistance from an immediate neighbor, and second order transfers, external assistance from
an immediate neighbor’s immediate neighbors, in all cases checking for sufficient transfer capacity.
After balancing all areas in the system for a given hour, MAVRIC then moves to the next hour and
balances the system where needed. The end result is an analysis of the entire system reflecting the
ability of all load-serving areas to maintain a resource adequacy planning reserve margin equal to or
less than the threshold. Analysis is then done on any areas where the threshold margin cannot be

maintained even after external assistance from excess load-serving areas.

Conclusions

There are many ways to perform probabilistic studies, each with its strengths and weaknesses. The tool
used to perform the calculations depends on the system and the desired output that is being analyzed.
The MAVRIC model was developed to enhance the probabilistic capabilities at WECC. It allows WECC
to perform independent reliability assessments of the Western Interconnection, a system that is
geographically diverse and dependent on transfer capabilities. Using convolution techniques and
Monte-Carlo simulations, and with the ability to use transfers dynamically, the tool models the overall
resource adequacy of the Western Interconnection while maintaining adequate run-time and

computing capabilities.
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Appendix B
Announced and Expected Generation Retirements Used in the MAVRIC Model
Announced and Expected Generation Retirements (2020-2030)
Unit Nameplate | Primary Fuel |Commission| Retirement
Subregion|State Unit Name Number | Capacity Type Date Date
NWPP-C | CO Cabin Creek 2 150.00 Water 12/1/1966 3/31/2020
NWPP - NW| WA | TransAlta Centralia Gen LLC ST1 729.88 Bituminous Coal 12/1/1972 12/1/2020
NWPP - NW| CA Fall Creek 1 0.50 Water 9/1/1903 12/31/2020
NWPP - NW| OR West Side 1 0.60 Water 3/22/1905 12/31/2020
NWPP - NW| CA Fall Creek 2 0.45 Water 8/1/1907 12/31/2020
NWPP - NW| CA Fall Creek 3 1.25 Water 1/1/1910 12/31/2020
NWPP - NW| CA Copco 1 1 10.00 Water 1/1/1918 12/31/2020
NWPP - NW| CA Copco 1 2 10.00 Water 11/1/1922 12/31/2020
NWPP - NW| OR East Side 1 3.20 Water 8/1/1924 12/31/2020
NWPP - NW| CA Copco 2 1 13.50 Water 7/1/1925 12/31/2020
NWPP - NW| CA Copco 2 2 15.50 Water 8/1/1925 12/31/2020
CAMX CA Redondo Gen Station 5 178.87 Natural Gas 1/1/1954 12/31/2020
CAMX CA Redondo Gen Station 6 175.00 Natural Gas 1/1/1957 12/31/2020
NWPP - NW| OR John C Boyle 1 50.35 Water 10/1/1958 12/31/2020
NWPP - NW| OR John C Boyle 2 47.63 Water 10/1/1958 12/31/2020
CAMX CA Alamitos Gen Station 3 332.18 Natural Gas 1/1/1961 12/31/2020
CAMX CA Alamitos Gen Station 4 335.67 Natural Gas 1/1/1962 12/31/2020
NWPP - NW| CA Iron Gate 1 18.00 Water 2/1/1962 12/31/2020
CAMX CA Redondo Gen Station 8 495.90 Natural Gas 1/1/1967 12/31/2020
CAMX CA Ormond Beach Gen Station 1 741.27 Natural Gas 1/1/1971 12/31/2020
CAMX CA Ormond Beach Gen Station 2 750.00 Natural Gas 1/1/1971 12/31/2020
NWPP-C | CO Fort Lupton 1 50.39 Natural Gas 12/1/1971 12/31/2020
NWPP-C | CO Fort Lupton 2 50.39 Natural Gas 12/1/1971 12/31/2020
NWPP - C NV Clark 4 72.40 Natural Gas 6/1/1973 12/31/2020
NWPP-C | OR Boardman 1 63.22 Bituminous Coal 8/1/1980 12/31/2020
NWPP - NW| OR Boardman 1 642.20 Subbituminous Coal 8/1/1980 12/31/2020
DSW NM Escalante 1 285.00 Bituminous Coal 12/1/1984 12/31/2020
CAMX CA Alamitos Gen Station 5 497.97 Natural Gas 1/1/1999 12/31/2020
CAMX CA |Huntington Beach Gen Station 2 225.80 Natural Gas 8/11/2018 12/31/2020
NWPP -NE| AB Sundance 6 401.00 Subbituminous Coal 10/1/2001 4/2/2021
NWPP -NE| AB Sundance 4 406.00 Subbituminous Coal 9/1/2007 4/2/2021
NWPP-C | NV Fort Churchill 2 115.00 Natural Gas 9/1/1971 12/31/2021
NWPP-C | NV North Valmy 1 138.60 Bituminous Coal 12/1/1981 12/31/2021
NWPP -C | NV North Valmy 1 138.60 Bituminous Coal 12/1/1981 12/31/2021
NWPP -NE| AB Battle River 5 385.00 Subbituminous Coal 1/1/1981 4/1/2022
NWPP -NE| AB Sundance 3 368.00 Subbituminous Coal 1/1/1976 4/2/2022
DSW NM San Juan 1 369.00 Bituminous Coal 12/1/1976 6/30/2022
DSW NM San Juan 4 555.00 Bituminous Coal 4/1/1982 6/30/2022
DSW NM RGD 7 50.00 Natural Gas 6/1/1958 12/31/2022
DSW X NWM 1 81.00 Natural Gas 5/1/1960 12/31/2022
DSW X NWM 2 81.00 Natural Gas 6/1/1963 12/31/2022
NWPP-C | CO Comanche 1 382.50 Bituminous Coal 12/1/1972 12/31/2022
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Announced and Expected Generation Retirements (2020-2030)
Unit Nameplate | Prmary Fuel |Commission| Retirement
Subregion|State Unit Name Number | Capacity Type Date Date
MNWEPP-MNE| AB Kesphills 1 305.00 Subbitumineous Coal 1115983 22023
MNWPP-LME| AB Feephills 2 30500 Subbituminens Ceoal 111984 42,2023
NWPP-NE| AB Shesrness 1 400,00 Subbituminens Ceoal L'11%s 422023
MNWEPP-MNE| AB Shesrness 2 380,00 Subbituminons Coal 111950 422023
NWPP-50| CO Nartin Drake ] 75.00 Subbituminous Ceoal 111968 12312023
MNWPP-20| CO MMartin Drake 7 132.00 Subbituminens Ceoal 71574 12312023
NWPP - INW| WY Jim Bridger 1 577 BB Subbituminons Coal 1111574 12312023
MNWPFP-MNE| AB Kesphills 3 463.00 Subbituminous Coal &'12011 42/2024
CANIY CA Diable Canvon 1 1150000 Uraninm 115985 11,2/2024
CARDY CA Scatter pood 1 163.19 Matural Gas 12/1/1958 12312024
CADDY Ca Scatter pood 2 183.19 Matural Gas 71559 12312024
NWPP -5 WV Tracy 3 11950 Matural Gas 111974 12312004
MNWPP -S5O | WV Tracy G240 4 &69.70 Matural Gas FL1587 12312024
SRS AT Chella 1 11359 Bitumineous Ceoal 5115962 1/1,2025
SRS AT Chella 3 31230 Bituminens Ceoal 511580 1/1,2025
CAMNDY uT Intermcuntain 1 820,00 Bitumineous Coal 61986 71,2005
CANDY uT Intermcuntain 2 820,00 Bitumineous Coal 43001967 712025
CARTY CA Dhable Canvon 2 115000 Lraninm 1111586 8/ 26,2025
NWPP -INW| WA | TransAlta Centralia Gen LLC sT2 72088 Bituminens Ceoal 71573 1212025
NWPP-50( CO Comanche 2 39600 Bitumineous Coal 1211574 12312025
MNWEPP-NE| CO Craig 1 445,38 Subbitumineous Coal 7111980 12312025
MNWPP-Z0D| NV Merth Valmvy 1 14450 Bitumineous Ceoal 511585 12312025
MNWPP-50| NV Morth Valmw 2 14490 Bitumineus Ceoal 511985 12312025
NWPP-50| NV Harry Allen 1 101.50 Matural Gas &'1/1995 12312005
NWPP -INW| BC Silversmith Power & Light 1 0.3 Water 112016 10/1,2026
SREG TX WA 3 121.00 Matural Gas F11506 12312026
MNWEP-50| CO Alamosa 1 2660 Matural Gas 12/1/1972 12312026
NWPP-50( CO Fruita 1 1400 Matural Gas 12/111972 12/31,2026
MNWPP-50| CO Valmont & 5925 Matural Gas 1211972 12312026
SRS TX NWM4GT2 4 B5.00 Matural Gas &'1/1575 12312026
SRS TX NWM4GTL 4 B5.00 Matural Gas &'1/15975 12312026
SRS TX NWM 45T 4 120,00 Matural Gas &' 11575 12312026
NWPP-50( CO Alamosa 2 36.60 Matural Gas 121156 12,31,2026
MNWEP-NE| CO Craig 2 44538 Bituminecus Ceal 1211575 12312026
MNWPP-50| NV Sun Peak 3 7400 Matural Gas &'1/1591 12312026
MNWPP-5D| NV S Peak 4 7400 Matural Gas &'1/1591 12312026
MNWPP -5 | WV Sun Peak 5 7400 Matural Gas &'1/1591 12312026
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Announced and Expected Generation Retirements (2020-2030)
Unit Nameplate | Primary Fuel |Commission| Retirement
Subregion |State Unit Name Number | Capacity Type Date Date

DSW AZ Iron Horse Solar 1 2.04 Sun 4/20/2017 4/20/2027
NWPP - C CcO Salida 2 0.58 Water 12/1/1907 12/31/2027
NWPP -C | WY Dave Johnston 1 113.64 Subbituminous Coal 2/1/1959 12/31/2027
NWPP -C | WY Dave Johnston 2 113.64 Subbituminous Coal 1/1/1961 12/31/2027
NWPP -C | WY Dave Johnston 3 229.50 Subbituminous Coal 12/1/1964 12/31/2027
NWPP -C | WY Dave Johnston 4 360.00 Subbituminous Coal 7/1/1972 12/31/2027
DSW AZ North Loop 1 27.00 Natural Gas 12/1/1972 12/31/2027
DSW AZ North Loop 2 27.00 Natural Gas 12/1/1972 12/31/2027
DSW AZ North Loop 3 27.00 Natural Gas 12/1/1972 12/31/2027
NWPP - NE | MT Colstrip 1 307.00 Subbituminous Coal 11/1/1975 12/31/2027
NWPP - NE | MT Colstrip 3 740.00 Subbituminous Coal 1/1/1984 12/31/2027
DSW AZ Springerville 1 424.80 Subbituminous Coal 6/1/1985 12/31/2027
NWPP - NE | MT Colstrip 4 740.00 Subbituminous Coal 4/1/1986 12/31/2027
NWPP - C CcO Cherokee 4 380.80 Natural Gas 8/13/2017 12/31/2027

NWPP -NE| AB Genesee 2 400.00 Subbituminous Coal 1/1/1989 4/2/2028

NWPP -NE| AB Genesee 1 400.00 Subbituminous Coal 1/1/1994 4/2/2028

NWPP -NE| AB Genesee 3 466.00 Subbituminous Coal 11/1/2004 4/2/2029
CAMX CA Haynes 1 230.00 Natural Gas 9/1/1962 12/31/2029
CAMX CA Haynes 2 230.00 Natural Gas 4/1/1963 12/31/2029
NWPP -C | WY Naughton 1 163.19 Subbituminous Coal 5/1/1963 12/31/2029
NWPP -C | WY Naughton 2 217.59 Subbituminous Coal 10/1/1968 12/31/2029
NWPP -C | NV Las Vegas Cogen 1 49.79 Natural Gas 6/1/1994 12/31/2029
NWPP-C | NV Las Vegas Cogen 2 11.50 Natural Gas 6/1/1994 12/31/2029
CAMX CA Harbor 5 75.00 Natural Gas 1/1/1995 12/31/2029
CAMX CA Harbor 1 85.30 Natural Gas 1/1/1995 12/31/2029
CAMX CA Harbor 2 85.30 Natural Gas 1/1/1995 12/31/2029
NWPP -C | CO Hayden 1 190.00 Bituminous Coal 7/1/1965 12/31/2030
NWPP -NE| AB Battle River 4 155.00 Subbituminous Coal 1/1/1975 12/31/2030
DSW X cor 1 87.00 Natural Gas 7/1/1980 12/31/2030
NWPP -NE| CO Craig 3 446.38 Bituminous Coal 10/1/1984 12/31/2030

\ '\ 4

49




	Executive Summary
	Key Findings
	Recommendations

	About This Assessment
	Reliability Analysis Components
	Subregion Description
	Scenarios
	Methods
	1. Demand Forecasts
	2. BA Resource Projections
	3. MAVRIC Model
	4. Planning Reserve Margins
	5. Balancing the System


	Western Interconnection Findings
	Key Findings
	Observations
	Demand

	Generation Nameplate Capacity
	Generation Availability
	Planning Reserve Margin
	Demand at Risk

	Subregion Findings
	Northwest Power Pool—Northwest (NWPP-NW)
	Key Findings for the NWPP-NW
	Demand
	Resource Availability
	Availability by Resource Type

	Planning Reserve Margin
	Annual Demand at Risk
	Hours at Risk
	Energy at Risk


	Northwest Power Pool—Northeast (NWPP-NE)
	Key Findings for the NWPP-NE
	Demand
	Resource Availability
	Availability by Resource Type

	Planning Reserve Margin
	Annual Demand at Risk
	Hours at Risk
	Energy at Risk


	Northwest Power Pool—Central (NWPP-C)
	Key Findings for the NWPP-C
	Demand
	Resource Availability
	Availability by Resource Type

	Planning Reserve Margin
	Annual Demand at Risk
	Hours at Risk
	Energy at Risk


	California and Mexico (CAMX)
	Key Findings for the CAMX
	Demand
	Resource Availability
	Availability by Resource Type

	Planning Reserve Margin
	Annual Demand at Risk—Northern California
	Hours at Risk
	Energy at Risk

	Annual Demand at Risk—Southern California
	Hours at Risk
	Energy at Risk


	Desert Southwest (DSW)
	Key Findings for the DSW
	Demand
	Resource Availability
	Availability by Resource Type

	Planning Reserve Margin
	Annual Demand at Risk
	Hours at Risk
	Energy at Risk



	Appendix A
	Multiple Area Variable Resource Integration Convolution Model
	Conclusions

	Appendix B
	Announced and Expected Generation Retirements Used in the MAVRIC Model


