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torrential rain and subsequent flooding, storm surge at the coast, and possible tornadoes, will result 
in major power outages, damaging distribution and transmission infrastructure, and threaten 
several generation stations along the path. Application at 1. 

While many generating units in the Duke service territory continue to function adequately 
under these stressed conditions, several of Duke’s generating units are expected to be forced to 
shut down due to facility limits on wind speeds and storm surge, as well as staffing issues caused 
by mandatory evacuations. Additionally, Crystal River Units 4 and 5 remain in forced outage from 
storm surge impacts from Hurricane Helene. Specifically, approximately 4,000 MW of generating 
units are currently offline and will remain offline during Hurricane Milton. Application at 2. 

Additionally, several units at Citrus Combined Cycle, the subject of this Order, may be 
forced offline by conditions in its Title V operating permit.  With projected outages and low 
demand, in order to keep the Citrus Combined Cycle units online, they would potentially need to 
operate at low load for an extended period of time, which could result in noncompliance with its 
Title V permit. If these units are brought offline due to these compliance requirements, they may 
not be able ramp up quickly enough to meet demand as load increases following power 
restoration, particularly in light of the amount of generation predicted to be offline due to 
hurricane impacts. For example, ramp-up times from a cold start could be eight or nine hours, 
and could be further delayed by pre-generation start-up checks.  Additionally, shutting down also 
increases the risk or equipment failure, as well as the risk of water intrusion due to thermal and 
pressure gradient changes. If equipment fails or is damaged by Hurricane Milton, units may not 
be able to start without additional maintenance.  In that case, Duke may have to declare an 
Energy Emergency Alert (EEA) Level 3 and institute rotating load shed. Such impacts would 
hinder post-hurricane restoration and recovery activities and overall grid reliability. Although 
Duke would attempt to mitigate such impacts through alternative generation as well as power 
purchases, it is unknown what will be available following Hurricane Milton and whether the 
necessary transmission infrastructure will remain for this purpose. Application at 2. 

The Florida Reliability Coordinating Council, Inc. (FRCC), the Reliability Coordinator 
for Duke’s service territory and others, filed a formal endorsement on October 9, 2024, of 
Duke’s Application, specifically the need to continue operation of the Specified Resources in 
Application Exhibit A at low load operation to help reduce the likelihood of any firm load 
shedding during the hurricane event. FRCC Letter at 1.  The endorsement explains: 

It is the FRCC's firm opinion that granting this relief request will provide an 
immeasurable benefit to this mission and in turn, the public served by the FRCC 
and its member entities. Allowing this relief will not only serve the reliability of 
[Duke’s] service territory, but also the many local electric cooperatives served by 
[Duke] and other interconnected electric utilities and service providers.  

FRCC Letter at 2. 
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Description of Mitigation Measures 

Duke has indicated that it will attempt to keep the Citrus Combined Cycle units operating 
at a load level compliant with its Title V permit whenever possible, including attempting to sell 
power to keep load higher. Duke anticipates needing to continue these efforts through October 
13, 2024.  Subject to the exceptions included in this Order, Duke has committed to continuing to 
take such actions, including attempting to sell power, before operating any units in a manner that 
will result in a conflict with a requirement of any federal, state, or local environmental statute or 
regulation, including requirements in permits issued pursuant to such laws or regulations. 

Request for Order 

Duke requests that the Secretary issue an order immediately, effective October 9, 2024, 
through 00:00 EDT on October 13, 2024, authorizing “continued operation of the Specified 
Resources” in the Duke service territory. Application at 3. The generating units (Specified 
Resources) that this Order pertains to are listed on the Order 202-24-1 Resources List, as described 
below. 

ORDER 

Given the emergency nature of the expected load stress, the responsibility of Duke to 
ensure maximum reliability on its system, and the ability of Duke to identify and dispatch 
generation necessary to meet load requirements, I have determined that, under the conditions 
specified below, additional dispatch of the Specified Resources is necessary to best meet the 
emergency and serve the public interest for purposes of FPA section 202(c). This determination is 
based on, among other things: 

• The emergency nature of the expected load stress caused by the current extreme 
weather event and its aftermath threatens to cause loss of power to homes and local 
businesses in the areas that may be affected by curtailments, presenting a risk to public 
health and safety. 

• The expected shortage of electric energy, shortage of facilities for the generation of 
electric energy, and other causes in the State of Florida and within the region demonstrate 
the need for the Specified Resources to contribute to system reliability. 

• Duke’s responsibility to ensure maximum reliability on its system, and, with the 
authority granted in this Order, its ability to identify and dispatch generation, including 
the Specified Resources, necessary to meet the load resulting from the extreme weather 
event and its aftermath. 

 

In line with the anticipated circumstances precipitated by Hurricane Milton, this Order is 
limited to the period beginning with the issuance of this Order on October 9, 2024, through 00:00 
EDT on October 13, 2024. Because the additional generation may result in a conflict with 
environmental standards and requirements, I am authorizing only the necessary additional 
generation on the conditions contained in this Order, with reporting requirements as described 
below. 
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FPA section 202(c)(2) requires the Secretary of Energy to ensure that any 202(c) order that 
may result in a conflict with a requirement of any environmental law be limited to the “hours 
necessary to meet the emergency and serve the public interest, and, to the maximum extent 
practicable,” be consistent with any applicable environmental law and minimize any adverse 
environmental impacts. Duke anticipates that this Order may result in exceedance of emissions of 
Volatile Organic Compounds (VOC), specifically formaldehyde. To minimize adverse 
environmental impacts, this Order limits operation of dispatched units to the times and within the 
parameters determined by Duke for reliability purposes. 

Based on my determination of an emergency set forth above, I hereby order: 

A. From the time this Order is issued on October 9, 2024, to 00:00 EDT on October 13, 
2024, in the event that Duke determines that generation from the Specified Resources is 
necessary to meet the electricity demand that Duke anticipates in Florida during and 
immediately following this event, I direct Duke to dispatch such unit or units and to order 
their operation only as needed to maintain the necessary expected generation in the Duke 
service territory. Specified Resources are those generating units set forth on the Order 
202-24-1 Resource List, which the Department shall post on www.energy.gov. Duke is 
directed to provide updates, if any, to Exhibit A to its Application with the anticipated 
category of environmental impact(s) (i.e., formaldehyde, sulfur dioxide, nitrogen oxide, 
mercury, carbon monoxide emissions, wastewater release, other air pollutants) by 21:00 
EDT on October 10, 2024. 
 

B. To minimize adverse environmental impacts, this Order limits operation of dispatched 
units to the times and within the parameters determined by Duke for maintaining grid 
reliability to avoid adverse health and safety impacts to customers from shedding firm 
customer load.  Duke shall exhaust all possible measures to run the Specified Units at a 
load level in compliance with permit requirements, including attempting to sell power.  
Duke shall provide a daily notification to the Department (via AskCR@hq.doe.gov) 
reporting each generating unit that has been designated to use the allowance and operated 
in reliance on the allowances contained in this Order. 
 

C. All operation of the Specified Resource must comply with applicable environmental 
requirements, including but not limited to monitoring, reporting, and recordkeeping 
requirements, to the maximum extent feasible while operating consistent with the 
emergency conditions. This Order does not provide relief from any obligation to pay fees 
or purchase offsets or allowances for emissions that occur during the emergency 
condition or to use other geographic or temporal flexibilities available to generators. 
 

D. Duke shall provide such additional information regarding the environmental impacts of 
this Order and its compliance with the conditions of this Order, in each case as requested 
by the Department of Energy from time to time. By October 20, 2024, Duke shall report 
all dates between October 9, 2024, and October 13, 2024, inclusive, on which the 
Specified Resources were operated, the hours of operation, and exceedance of permitting 



 Department of Energy Order No. 202-24-1  
 

 5  
 

limits, including formaldehyde, sulfur dioxide, nitrogen oxide, mercury, carbon 
monoxide, and other air pollutants, as well as exceedances of wastewater release limits. 
Duke shall submit a final report by November 20, 2024, with any revisions to the 
information reported on October 20, 2024. The environmental information submitted in 
the final report shall also include the following information: 

(i) Emissions data in pounds per hour for each Specified Resource unit, for each 
hour of the operational scenario, for CO, NOx, PM10, formaldehyde, VOC, 
and SO2; 

(ii) Emissions data must include emissions (lbs/hr) calculated consistent with 
reporting obligations pursuant to operating permits, permitted 
operating/emission limits, and the actual incremental emissions above the 
permit limits; 

(iii) The number and actual hours each day that each Specified Resource unit 
operated in excess of permit limits or conditions, e.g. “Generator #1; October 
10, 2024; 4 hours; 04:00-08:00 EDT”; 

(iv) Amount, type and formulation of any fuel used by each Specified Resource; 
(v) All reporting provided under the Specified Resource’s operating permit 

requirements over the last three years to the United States Environmental 
Protection Agency or local Air Quality Management District for the location 
of a Specified Resource that operates pursuant to this Order; 

(vi) Additional information requested by DOE as it performs any environmental 
review relating to the issuance of this Order; and 

(vii) Information provided by the Specified Resource describing how the 
requirements in paragraph C above were met by the Specified Resource while 
operating under the provisions of this Order. 

In addition, Duke shall provide information to the Department quantifying the net 
revenue associated with generation in excess of environmental limits accruing to the 
Specified Resources in connection with any order issued by the Department pursuant to 
Section 202(c) of the Federal Power Act. 

E. Duke shall take reasonable measures to inform affected communities where all Specified 
Resources operate that Duke has been issued this Order, in a manner that ensures that as 
many members of the community as possible are aware of the Order, and explains clearly 
what the Order allows Duke to do. At a minimum, Duke shall post a description of this 
Order on its website (with a link to this Order) and identify the name, municipality or 
other political subdivision, and zip code of any Specified Resource covered by this 
Order. In addition, in the event that a Specified Resource operates pursuant to this Order, 
a general description of the action authorized by this Order will be included in any press 
release issued by Duke with respect to the extreme weather event and will include a 
reference to the website posting required by the preceding sentence for further 
information. Duke shall describe the actions taken to comply with this paragraph in the 
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reports delivered to the Department pursuant to paragraph D above. 

F. This Order shall not preclude the need for the Specified Resource to comply with
applicable state, local, or Federal law or regulations following the expiration of this
Order.

G. Duke shall be responsible for the reasonable third-party costs of performing analysis of
the environmental and environmental justice impacts of this Order, including any
analysis conducted pursuant to the National Environmental Policy Act.

H. This Order shall be effective upon its issuance, and shall expire at 00:00 EDT on Sunday,
October 13, 2024, with the exception of the reporting requirements in paragraph D.
Renewal of this Order, should it be needed, must be requested before this Order expires.

Issued in Washington, D.C. at 8:00 PM Eastern Daylight Time on this 9th day of October
2024.

_________________________________ 
Jennifer Granholm 
Secretary of Energy 
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Problem statement: If we take the E3 study Phase 1 results at face value, the region needs solutions well 
before significant amounts of new infrastructure can come online

Objective: Understand what drove E3’s Phase 1 findings and explore the potential contributions of near-term 
solutions that may not be considered in Phase 2 of their analysis

Scope:

▪ Conduct a methodological review in key areas that could impact RA results, including large load flexibility, 
hydro dispatch flexibility, imports & coordination with California, and retirements & conversions

▪ Conduct an independent evaluation of the near-term winter RA challenge in the Pacific Northwest

▪ Develop multiple load scenarios based on recent load trends and various projections of future data center demand

▪ Examine winter resource adequacy challenges in 2030 based on the weather and hydro conditions experienced in 
January 2024 (the most recent example of highly constrained winter conditions in the Pacific Northwest)

▪ Identify near-term opportunities to support regional resource adequacy based on findings

Overview





High level findings from methodological review

6

Focus area Findings of methodological review Potential impact to
near-term RA needs

Large load 
flexibility

• Large load flexibility was not considered in Phase 1 and is not scoped 
into Phase 2 High

Hydro flexibility

• E3 study may underestimate weekly energy shifting available from 
hydro dispatch

• E3’s load following hydro dispatch assumption may overlook 
contributions from short-duration storage

Uncertain
(requires further study)

Imports and 
coordination with 
California

• E3 study assumptions may slightly underestimate import winter 
capability

• Winter import capability is limited by transmission, not generation 
(California has several GWs of unused gas capacity available during 
PNW winter events)

Low

Retirements and 
conversions

• Phase 1 results slightly overstated RA challenges by treating coal-to-
gas conversions as retirements in initial need evaluation

• E3 study Phase 1 did not include Centralia coal-to-gas conversion (it 
had not yet been announced)

Low-to-moderate
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Because of the high potential near-term impact of large load flexibility, most of our analysis focuses 
on these two highly related questions:

1. How much of the projected need is being driven by data centers (i.e., “new large loads”)?

2. What is the potential for management of new large loads to avoid the most catastrophic 
consequences of potential supply shortages during extreme weather conditions?

High level findings from methodological review

Focus area Findings of methodological review Potential impact to
near-term RA needs

Large load 
flexibility

• Large load flexibility was not considered in Phase 1 and is not scoped 
into Phase 2 High



Independent evaluation approach
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To better understand the nature of the near-term winter resource adequacy risk in the Northwest and the 
potential impact of new large loads, we examined how the recent January 2024 winter event might unfold if 
experienced in 2030 under various scenarios.

GridPath dispatch simulation approach:

1. Developed dispatch simulation for the “Greater NW” that 
replicated the weather and hydro conditions from January 2024

2. Ran a benchmark simulation with 2024 historical loads to assess 
reasonableness of assumptions/constraints

3. Adjusted loads and resources to approximate the 2030 system

4. Identified perfect capacity needs and potential customer outages 
if unfilled

5. Layered in short-term solutions

▪ Resources in development

▪ Emergency large load management

▪ Additional proposed clean resources

Simulated dispatch in January 2024 benchmarking run



Validating our approach to estimating 2030 winter risk
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▪ To validate our approach, we compared our findings to the 
Phase 1 reported capacity need in 2030 in two ways:

▪ E3 assumptions: uses E3’s import assumptions (3,750 MW) and 
coal-to-gas accounting (coal units are retired)

▪ Our assumptions: uses our import assumptions and our coal-to-
gas accounting (coal units are converted to gas), except Centralia 2

▪ Both simulations assumed loads approximately reflect E3’s 
forecasted load growth rates

▪ Our dispatch analysis generally corroborates E3’s findings when 
using their load growth rates and gives us confidence that 
January 2024 conditions serve as a reasonable proxy for 
estimating winter RA needs

▪ Differences in import assumptions and coal-to-gas accounting 
reduce the magnitude of the identified need, but it remains 
substantial under E3’s projected load growth



Alternative 2030 load scenarios
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We combined various organic growth and data center load scenarios to explore alternative load 
growth futures (ranging from 1.5% to 3.2% average annual growth through 2030)

Scenario Organic Load 
Growth Data Center Demand Total annual average 

growth rate through 2030

E3 Forecast High/E3 (~1.8%) Low/E3 (1,700 MWa) ~2.8%

Baseline Scenario Baseline (1.4%) Baseline (3,700 MWa) 3.2%

Low Tech Scenario Baseline (1.4%) Low/E3 (1,700 MWa) 2.2%

Low Electrification Scenario Low (0.9%) Baseline (3,700 MWa) 2.6%

Low Growth Scenario Low (0.9%) Low/E3 (1,700 MWa) 1.5%

Historical growth in electricity sales (2019-2024, excluding 2020) 1.3%

All alternative load scenarios envision accelerated load growth relative to the last 6 years
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1. The scale and nature of the winter resource adequacy challenge in the Pacific Northwest 
depends strongly on future load growth, which remains highly uncertain due to both data center 
demand and electrification trends

2. Large load flexibility could mitigate most or all near-term winter resource adequacy needs under 
most load scenarios

3. Sustained development of clean resources is well-suited to meeting organic (i.e., non-data 
center) load growth in the region unless electrification accelerates faster than recent load 
growth trends suggest

4. Supporting reliable winter data center operations in the Pacific Northwest will likely require 
resources with more energy availability during challenging winter events

5. In the near term, the ability to curtail large loads first during emergency events can protect other 
customers from the most catastrophic health and safety consequences of supply shortages

6. In the long term, the need for dispatchable or baseload solutions is not a question of if, but 
when

High level findings from independent evaluation
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We estimate winter capacity needs in 2030 of 1.0 GW – 4.9 GW after accounting for coal-to-gas conversions and 

resources in development

Notes: Our estimated capacity needs with no new resources include the impacts of coal-to-gas conversions, including Centralia 2. E3’s reported capacity needs with no 
new resources assume coal units are retired, rather than converted to gas. We estimate this accounts for approximately 1.5 GW of the 8.7 GW of need identified by E3. 
E3’s reported capacity needs with resources in development include coal-to-gas conversions, except for Centralia 2.

Estimated winter perfect capacity needs in 2030 across load scenarios
(based on January 2024 weather & hydro conditions)

Low Growth
(1.5% AGR)

Low Electrification
(2.6% AGR)

Low Tech
(2.2% AGR)

Baseline
(3.2% AGR)

Approximation of 
E3 Forecast

Reported by E3 
in Phase 1

With no new resources 2.9 GW 5.0 GW 4.7 GW 6.8 GW 6.7 GW 8.7 GW

+ Resources in development 1.0 GW 3.1 GW 2.8 GW 4.9 GW 4.8 GW 5.6 GW

Finding #1. The scale and nature of the winter resource adequacy challenge in 
the Pacific Northwest depends strongly on future load growth, which remains 
highly uncertain due to both data center demand and electrification trends
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We estimate winter capacity needs in 2030 of 0.0 GW – 3.1 GW to avoid supply shortages if large loads are 

managed during the most critical winter weather events

Notes: Our estimated capacity needs with no new resources include the impacts of coal-to-gas conversions, including Centralia 2. E3’s reported capacity needs with no 
new resources assume coal units are retired, rather than converted to gas. We estimate this accounts for approximately 1.5 GW of the 8.7 GW of need identified by E3. 
E3’s reported capacity needs with resources in development include coal-to-gas conversions, except for Centralia 2.

Estimated winter perfect capacity needs in 2030 across load scenarios
(based on January 2024 weather & hydro conditions)

Low Growth
(1.5% AGR)

Low Electrification
(2.6% AGR)

Low Tech
(2.2% AGR)

Baseline
(3.2% AGR)

Approximation of 
E3 Forecast

Reported by E3 
in Phase 1

With no new resources 2.9 GW 5.0 GW 4.7 GW 6.8 GW 6.7 GW 8.7 GW

+ Resources in development 1.0 GW 3.1 GW 2.8 GW 4.9 GW 4.8 GW 5.6 GW

+ Large load flexibility 0.0 GW 0.0 GW 1.1 GW 1.2 GW 3.1 GW NA

Finding #2. Large load flexibility could mitigate most or all near-term 
winter resource adequacy needs under most load scenarios
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▪ We estimate that less than 7 GW of new wind, 

solar, and batteries are adequate to avoid supply 

shortages among non-data center customers 

under January 2024 weather & hydro conditions 

in 2030 across our four load scenarios

▪ Under the E3 Load Forecast Approximation (with 

more electrification and fewer data centers than 

our load scenarios), supply shortages cannot be 

avoided even if all proposed clean resources (19 

GW) come online by 2030

Finding #3. Sustained development of clean resources is well-suited to 
meeting organic (i.e., non-data center) load growth in the region unless 
electrification accelerates faster than recent load growth trends suggest
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Without these additional resources, we estimate that large load curtailments could range from 0 hours to 9 days 

under January 2024 weather & hydro conditions, depending on the load scenario and clean resource buildout

Load scenario
Large load curtailments in 2030 under 

January 2024 weather & hydro conditions

Low Growth 0 hrs

Low Electrification 2.5 - 4.6 days

Low Tech 2.3 - 6.2 days

Baseline 7.0 - 9.3 days

Note: Clean resource additions range from the greater of the resources under development 
and the resources needed to meet organic load growth to all proposed clean resources as 
of December 2024 (19 GW)

Finding #4. Supporting reliable winter data center operations in the Pacific 
Northwest will likely require resources with more energy availability during 
challenging winter events
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We estimate that large load 

management could reduce average 

outages among other customers 

during critical winter weather 

conditions from 19 hours to 0.1 hours 

(assuming only resources already in 

development come online by 2030)

Average customer outage duration in 2030 during January 2024 
weather/hydro event under Baseline Load Scenario

(assuming only resources already in development come online)

Strategy Existing customers New large loads

Curtail equally across 
large loads and other 
customers

19 hrs 19 hrs

Prioritize large load 
curtailment before 
other customers

0.1 hrs
225 hrs

(about 10 days)

Finding #5. In the near term, the ability to curtail large loads first during 
emergency events can protect other customers from the most catastrophic 
health and safety consequences of supply shortages
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An opportunity to 
drive innovation

▪ If subject to flexibility requirements, data center 
customers will face the most daunting long-
duration reliability challenges first and will have 
an incentive to solve them

▪ With a desire to move quickly and larger risk 
appetites than regulated utilities, data center 
customers could drive innovation in the next 
generation of clean technologies that serve 
longer duration needs, accelerating adoption, 
and driving down costs

▪ Flexibility requirements can also be leveraged to 
facilitate more rapid interconnection until new 
technologies become available

Cape Lookout State Park, Oregon Coast (source: www.oregonlive.com)







Evaluation approach
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To better understand the nature of the near-term winter resource adequacy risk 
in the Northwest and the potential impact of new large loads, we examined how 
the recent January 2024 winter event might unfold if experienced in 2030 under 
various scenarios.

GridPath dispatch simulation approach:

1. Developed dispatch simulation for the Pacific Northwest that replicated the 
weather and hydro conditions from January 2024

2. Ran a benchmark simulation with 2024 historical loads to assess 
reasonableness of assumptions/constraints

3. Adjusted loads and resources to approximate the 2030 system

4. Identified perfect capacity needs and potential customer outages if unfilled

5. Layered in short-term solutions

▪ Resources in development

▪ Emergency large load management

▪ Additional proposed clean resources

Some technical notes

▪ We did not model full economics due 
to limited time and data availability, so 
results are more indicative of what the 
system could do vs. what it would 
economically do

▪ We have not fully reconciled our 
“Greater NW” footprint with E3’s due 
to time and data limitations. Loads and 
resources likely differ between the 
analyses and load comparisons focus 
on load growth rates rather than total 
loads to account for these differences

▪ Perfect capacity needs were identified 
by minimizing the maximum observed 
unserved energy across the month

▪ Potential customer outages were 
identified by equally penalizing total 
and maximum unserved energy to 
better reflect operations



Key assumptions
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Our analysis E3 study

Footprint BAs in OR, WA, ID, MT + PACE BAs in OR, WA, ID, MT (excluding WAUW) + PACE

Hydro dispatch Optimized with weekly energy budgets, minimum, maximum, and ramping 
constraints based on Jan 2024 hydro dispatch; unconstrained energy shifting 
allowed between weeks 2 & 3

Load-following heuristic with weekly budgets with up to 5% inter-
week energy shifting, minimum and maximum levels based on 
historical min/max as a function of energy budget

Transmission 
constraints

2024 benchmark: Constrained flows between PACE and PNW based on high 
and low observations across January 2024 historical observations
2030 simulations: Added 1,000 MW bidirectional capacity associated with 
B2H by 2030 (total in 2030: -1,150 MW to +3,410 MW)

None in RA analysis (zonal results are from separate 
simulations, each assuming a copper plate)

Import 
constraints

Total: 5,000 MW
Into PNW zone (excluding Canada): 3,000 MW
Canada to PNW: 1,000 MW
Into PACE: 1,000 MW

Total: 3,750 MW

Canadian 
entitlement

2024 benchmark: 660 MWa net exports into Canada across the month, but 
allowing Canadian storage to also support imports in any given hour
2030 simulations: Same, but net exports reduced to 590 MWa

590 MW exports to Canada in all hours, no accounting for 
Canadian storage or import capability from Canada

2030 baseline 
resource fleet

Existing based on operational resources as of January 2024 (EIA 930), in 
development resources based on 2024 EIA 860
Dave Johnston 3 retired
Coal-to-gas conversions of Centralia 2, Dave Johnston 1 & 2, Naughton 1 & 2

Existing and in development resources based on WECC ADS
Dave Johnston 3 and Centralia 2 retired
Coal-to-gas conversions of Dave Johnston 1 & 2, Naughton 1 & 2 
(however in initial need evaluation, these are retired)

2030 Load Four load scenarios that combine different outlooks for organic load growth 
and data center demand, plus a load scenario that approximates E3’s 
forecasted load growth

PATHWAYS-based bottom-up loads with adjustments and 
internal data center forecast



Winter import constraints
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▪ The E3 study assumes 3,750 MW of 
imports are available in all hours based 
on imports during the January 2024 cold 
event

▪ Net imports into the “Greater NW” 
exceeded 3,750 MW in 102 hours in 
January 2024 and exceeded 5,000 MW 
in the most constrained hours

▪ The 3,750 MW limit aligns well with 
imports from California during the 
event, but may neglect additional 
import capability from Canada and the 
rest of the West 



Transmission, not available supply,  limited imports
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▪ Much of the gas fleet in California went unused during 
the January 2024 event (i.e., there was not a shortage 
of regional generating capacity in the West)

▪ However, South-to-North transmission flows between 
California and the Pacific Northwest were constrained 
by operating limits

▪ South-to-North operating limits on COI and PDCI are 
tighter than North-to-South limits

▪ Max N-to-S during Sept 2024 heatwave: ~5,500 MW

▪ Max S-to-N during Jan 2024 cold snap: ~3,800 MW

Near-term opportunities to support increased imports during winter events:
➢ Prioritize transmission studies and upgrades that support increased S-to-N flows into the PNW during the winter
➢ Consider day-ahead market designs and market seams solutions that promote resource commitment in California 

and the Southwest during critical winter events in the Pacific Northwest
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Study review:

▪ E3 confirmed that they use a load-following heuristic to estimate 
hydro dispatch in each week and they allow 5% of weekly hydro 
energy to shift between weeks

▪ Heuristic dispatch may underestimate the potential of the hydro 
system to support resource adequacy and may overlook 
opportunities to co-optimize between hydro and other resources, 
including short-duration batteries

▪ Analysis into BPA hydro dispatch in January 2024 suggests that any 
given week could have access to as much as 880 MWa (14%) of 
additional hydro beyond the monthly average energy

Near-term opportunity:
➢ Consider impacts of market participation on the propensity of hydro operators to hold energy in reserve for critical 

events (e.g., the value of stored water), while respecting all hydro operating limits

Hydropower dispatch

Outstanding substantives questions:

▪ How do hydro operators value stored water when dispatching their hydro fleets? Does it adequately account for the value of supporting 
winter reliability over longer timescales (i.e., future days, weeks, or months) or is hydro dispatch over-optimized for short-term economics?

▪ How will day-ahead market participation affect this tradeoff between short-term revenues and winter reliability value?
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Study review:

▪ E3 confirmed the 8,689 MW identified need assumes that coal 
plants retire instead of undergoing coal-to-gas conversions

▪ E3 analysis suggests that capacity needs could be 850 MW 
smaller with coal-to-gas conversions included

Our approach:

▪ Include all announced coal-to-gas conversions to avoid over-
stating incremental needs

▪ While conducting the analysis, Transalta announced the 
conversion of Centralia 2 to gas. This update was 
incorporated into our final simulations.

Near-term opportunity:
➢ Schedule coal-to-gas conversion activities to minimize winter downtimes

Retirements and conversions

Outstanding substantive question:

▪ Some of PacifiCorp’s coal-to-gas conversion plans suggest winter downtimes, which may be avoidable by pushing the schedule out or 
accelerating it by a matter of months. How does winter reliability factor into scheduling for coal-to-gas conversions?

Winter
Capacity

E3 initial need
evaluation Our analysis

Dave Johnston 1 99 MW Retired Converted to gas

Dave Johnston 2 106 MW Retired Converted to gas

Dave Johnston 3 220 MW Retired Retired

Naughton 1 156 MW Retired Converted to gas

Naughton 2 201 MW Retired Converted to gas

Centralia 2 670 MW Retired Converted to gas

Total retired 1,452 MW 220 MW

Total converted to gas 0 MW 1,232 MW





2024 benchmarking
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▪ Additional imports in our assumptions 
are adequate to clear unserved energy 
in Jan 2024 benchmarking exercise

▪ Average net imports between 1/11 
and 1/17 are similar across historical 
actuals and simulations:

▪ Historical actuals: 3,508 MW

▪ Dispatch simulation with our 
assumptions: 3,811 MW

▪ Dispatch simulation with E3 
constraints: 3,090 MW

▪ Reminder: simulations reflect system 
capability, not fully economic dispatch



Validating our approach to estimating 2030 winter risk
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▪ To validate our approach, we compared our findings to the 
Phase 1 reported capacity need in 2030 in two ways:

▪ E3 assumptions: uses E3’s import assumptions (3,750 MW) and 
coal-to-gas accounting (coal units are retired)

▪ Our assumptions: uses our import assumptions and our coal-to-
gas accounting (coal units are converted to gas, except Centralia 2)

▪ Both simulations assumed loads approximately reflect E3’s 
forecasted load growth rates

▪ Our dispatch analysis generally corroborates E3’s findings when 
using their load growth rates and gives us confidence that 
January 2024 conditions serve as a reasonable proxy for 
estimating winter RA needs

▪ Differences in import assumptions and coal-to-gas accounting 
reduce the magnitude of the identified need, but it remains 
substantial under E3’s projected load growth



Electricity demand scenarios for 2030
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▪ The E3 study relies on E3’s internal load forecast, which comes from their bottom-up PATHWAYS model 
and internal data center demand forecasts

▪ E3’s annual energy tracks closely with PNUCC’s 2025 forecast (with aligned footprints), which is based on 
utility forecasts and projects 3.2% annual growth

▪ Data centers vs. electrification

▪ E3 suggests that their forecast includes higher EV and electric space heating than the PNUCC forecast, which is 
potentially offset by a lower data center forecast

▪ PNUCC has not collected information from their members to clearly distinguish between organic load growth and 
data center loads

▪ To understand the sensitivity of 2030 resource needs to future load growth and data center flexibility, 
Sylvan developed additional top-down load growth scenarios from available public data
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• “Organic” load growth includes everything but new large loads (i.e., includes electrification)

• We estimated plausible ranges of sector-specific loads by fitting linear and exponential functions to recent 
historical sector-specific loads

• Data sources: EIA historical sales by sector and state, EIA historical LDV EV electricity consumption by state

Example: estimation of organic load growth trends in Oregon

Estimating organic load growth trends



32

Organic load growth scenarios

• Baseline organic load growth: upper bounds of 
residential and electric vehicle extrapolated trends, 
plus lower bound of commercial & industrial 
extrapolated trends (attributes any acceleration of C&I 
load growth to data centers)

• Falls between NWPCC “Mixed bag” and 
“Persistent high growth” load scenarios 
(excluding data center and H2 demands)

• Low organic load growth: lower bounds of residential 
and electric vehicle extrapolated trends, plus lower 
bound of commercial & industrial extrapolated trends 
(attributes any acceleration of C&I load growth to data 
centers)

• Falls just below NWPCC “Mixed bag” load 
scenario (excluding data center and H2 demands)

• Note: comparisons are high level and indicative, as 
footprints vary between forecasts and NWPCC loads 
assume fixed energy efficiency

Scenario
Average annual organic 

growth rate through 
2030

NWPCC2 “Persistent high growth” ~1.9%

E3 Forecast1 ~1.8%

Baseline Organic Growth 1.4%

NWPCC2 “Mixed bag” ~1.0%

Low Organic Growth 0.9%

NWPCC2 “Persistent low growth” ~-0.1%

1E3 organic growth rate between 2025 and 2030 estimated by subtracting data center 
demand from total forecasted Greater NW demand reported on slide 24 of Phase 1 
Executive Summary
2NWPCC growth rates between 2025 and 2030 estimated by subtracting data center and 
H2 demand on slide 33 from total forecasted demand scenarios on slide 46 of the Ninth 
Plan Demand Forecast Part 2 (https://www.nwcouncil.org/fs/19380/2025 0429 2.pdf)





Alternative 2030 load scenarios
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We combined various organic growth and data center load scenarios to explore alternative load 
growth futures (ranging from 1.5% to 3.2% average annual growth through 2030)

Scenario Organic Load 
Growth Data Center Demand Total annual average 

growth rate through 2030

E3 Forecast High/E3 (~1.8%) Low/E3 (1,700 MWa) ~2.8%

Baseline Scenario Baseline (1.4%) Baseline (3,700 MWa) 3.2%

Low Tech Scenario Baseline (1.4%) Low/E3 (1,700 MWa) 2.2%

Low Electrification Scenario Low (0.9%) Baseline (3,700 MWa) 2.6%

Low Growth Scenario Low (0.9%) Low/E3 (1,700 MWa) 1.5%

Historical growth in electricity sales (2019-2024, excluding 2020) 1.3%

All alternative load scenarios envision accelerated load growth relative to the last 6 years







Our findings generally corroborate E3’s high level 
problem statement
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Across all load scenarios, unserved 
energy is observed in large 
quantities and in several hours if 
there are no resource additions 
through 2030, similar to E3’s 
findings

Notes:

▪ These results are based on “operational” 
runs, in which both total and maximum 
unserved energy are penalized

▪ Perfect capacity needs (coming up on the 
next slide) are calculated by minimizing 
the maximum unserved energy, which can 
be lower than the maximum values 
shown on this slide

Simulated unserved energy (sorted from high to low) with no resource additions, 
before Centralia 2 coal-to-gas conversion
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If no additional resources are secured beyond those already in development, what does the shortage under 
the Baseline Scenario look like from the customer perspective during this event?

*Resources in development were either under construction or had final regulatory approvals in place as of December 2024

Average customer outage duration in 2030 during January 2024 
weather/hydro event under Baseline Load Scenario

Strategy Existing customers New large loads

Curtail equally across 
large loads and other 
customers

19 hrs 19 hrs

Prioritize large load 
curtailment before 
other customers

0.1 hrs 225 hrs
(about 10 days)

Supply shortages from the customer’s perspective

Near-term opportunity:
➢ Consider policies that require 

large load flexibility or emergency 
curtailment prior to curtailing 
other customers to mitigate the 
most catastrophic health and 
safety consequences of supply 
shortages
▪ Could be paired with bring-your-own 

generation strategies
▪ Could enable more rapid 

interconnection
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Clean resource additions and large load management 
in the Baseline scenario

▪ Clean resources in development (5.7 GW) plus 1 GW of 
additional short duration storage were adequate to meet 
Baseline Organic load growth during this event

▪ With these additional selected resources: large loads 
experienced 222 hrs (9.25 days) of outages during the event

▪ When all proposed clean resources were included (19 GW 
total): large loads still experienced 168 hrs (7 days) of outages 
during the event



















Winter portfolio ELCCs of new clean resources
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Baseline Load 
Scenario

Installed 
capacity 

(MW)

Avoided Perfect 
Capacity in Jan 2024 

conditions (MW)

Approx. Winter 
Portfolio ELCC

All clean resources 
in development 5,666 1,875 33%

Additional clean 
resources pending 
approvals

13,009 2,473 19%

Total 18,675 4,348 23%

(Calculated before Centralia 2 coal-to-gas conversion and large load curtailments)

Winter portfolio ELCCs estimated by calculating avoided perfect capacity 
during Jan 2024 weather/hydro event (not representative of summer 
contributions)

Near-term opportunity:
➢ Execute on all clean resource development plans and prioritize or accelerate new resource procurement activities
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An opportunity to 
drive innovation

▪ If subject to flexibility requirements, data center 
customers will face the most daunting long-
duration reliability challenges first and will have 
an incentive to solve them

▪ With a desire to move quickly and larger risk 
appetites than regulated utilities, data center 
customers could drive innovation in the next 
generation of clean technologies that serve 
longer duration needs, accelerating adoption, 
and driving down costs

▪ Flexibility requirements can also be leveraged to 
facilitate more rapid interconnection until new 
technologies become available

Cape Lookout State Park, Oregon Coast (source: www.oregonlive.com)
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1. The scale and nature of the winter resource adequacy challenge in the Pacific Northwest 
depends strongly on future load growth, which remains highly uncertain due to both data center 
demand and electrification trends

2. Large load flexibility could mitigate most or all near-term winter resource adequacy needs under 
most load scenarios

3. Sustained development of clean resources is well-suited to meeting organic (i.e., non-data 
center) load growth in the region unless electrification accelerates faster than recent load 
growth trends suggest

4. Supporting reliable winter data center operations in the Pacific Northwest will likely require 
resources with more energy availability during challenging winter events

5. In the near term, the ability to curtail large loads first during emergency events can protect other 
customers from the most catastrophic health and safety consequences of supply shortages

6. In the long term, the need for dispatchable or baseload solutions is not a question of if, but 
when

High level findings from independent evaluation
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Thank you!

For more information, contact:

elaine@sylvan.energy

Cape Lookout State Park, Oregon Coast (source: www.oregonlive.com)
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LOLE 101

Common Terminology Misconceptions
• 1 day in 10 years LOLE ≠ 24 hours in 10 years LOLH

• Example: 2 hours of firm load shed = 2 loss of load hours 
and 1 day of loss of load

• By definition 1 day/ 10 years LOLE ≤ 24 hours / 10 years 
LOLH

• Cannot calculate Loss of Energy Expectation (LOEE) from 
LOLH without running complete analysis

5 LOLE Background and History



LOLE 101

LOLE Connections to Various MISO 
Processes

6

LOLE

Planning 
Reserve Margin 

(PRM) Study

Resource 
Adequacy

Planning 
Studies

Assessments

• Tariff Module E-1
• Planning Resource Action

• MTEP Futures Development
• MTEP Study

• NERC Assessments
• MISO Informational 

Forums

LOLE Study Connections to other MISO Processes



LOLE 101

Resource Adequacy Overview
• Achieving reliability in the bulk electric systems requires that the amount of 

resources exceeds customer demand by an adequate margin

7 LOLE Study Connections to other MISO Processes

Margins necessary to promote Resource 
Adequacy need to be assessed on:

Longer-term planning basis

Focus of MISO’s RA Construct is 
on the longer-term planning 

margins used to provide sufficient 
resources to reliably serve load on 

a forward-looking basis

Near-term operational basis

Resources dedicated to meet 
Demand have an obligation to be 

available to meet real-time 
customer demand and 

contingencies



LOLE 101

Planning Reserve Margins (PRMs)

Planning 
Reserve 
Margins 
must be 

sufficient to 
cover:

Planned 
maintenance

Unplanned or 
forced outages 
of generating 

equipment

Deratings in the 
capabilities of 

Generation 
resources and 

Demand Response 
Resources

System effects due 
to reasonably 
anticipated 

variations in 
weather

Variations in 
customer 

demands or 
forecast demand 

uncertainty

8 LOLE Study Connections to other MISO Processes









LOLE 101

GADS Data Requirements…
• Quarterly Submittal of Data

• Stakeholders are expected to submit data on 
a quarterly basis

• Quarterly GADS data must be received by 
the last day of the month following the 
operating quarter

• Quarterly GADS data must be Level 2 
Validated by the last day of the month 
following the operating quarter

12 Generating Availability Data System (GADS) Overview



LOLE 101

GADS Data Requirements…
• A unit will receive 100% EFORd if it fails 

to submit GADS data and successfully 
Level 2 Validate

• Assigning 100% EFORd will impact a 
unit’s unforced capacity calculation
• 𝑈𝐶𝐴𝑃 = 𝐺𝑉𝑇𝐶 ∗ (1 − 𝐸𝐹𝑂𝑅𝑑)

13 Generating Availability Data System (GADS) Overview



LOLE 101

Three Types of Data are to be 
Collected…

14

• Each time a unit has a change in operating status or capability, an 
event is recorded

• From these event reports a unit’s operational history can be 
reconstructed

Event Data

• A unit’s actual generation, hours of operations, and operational 
characteristics

Generation Performance Data

• A unit’s actual fuel consumption and fuel quality data

Fuel Performance Data (optional)

Generating Availability Data System (GADS) Overview



LOLE 101

PowerGADS – Event Data
Event data – to be collected:
• Event Number
• Event Type
• Start of Event
• End of Event (Can be blank if event is ongoing)
• Net Available Capacity
• Primary Cause Code
• Additional Cause Code (Optional)
• Event Contribution Code

• describes impact or contribution that this cause or 
component had on the event 

• Verbal Description (Optional)
• Failure Code (Optional)

15 Generating Availability Data System (GADS) Overview
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PowerGADS – Performance Data
Performance data – to be collected:
• Net Maximum Capacity 
• Net Dependable Capacity 
• Net Actual Generation 
• Typical Unit Loading Code
• Loading Verbal Description 

(If Typical Unit Loading Code is 6)
• Attempted Unit Starts
• Actual Unit Starts
• Unit Service Hours
• Reserve Shutdown Hours
• Pumping Hours
• Synchronous Condensing Hours

16 Generating Availability Data System (GADS) Overview













LOLE 101

MISO uses the Strategic Energy Risk 
Valuation Model (SERVM) Software 
Managed by Astrapé Consulting

Originated within Southern Company back in the early 1980’s

Uses a sequential Monte Carlo simulation
• Steps through time chronologically and randomly drawing unit availability
• Replicating simulation with different sets of random events until statistical 

convergence is obtained

SERVM resource adequacy metrics consider
• Wide Variation of Load Shapes
• Growth Uncertainty
• Unit Performance

Utilizes a SQL Server database

22 SERVM



LOLE 101

Analytical vs. Monte Carlo approach to 
analysis
• Analytical methods work well for small systems 

and represent a system using mathematical 
model (A direct mathematical solution)

• Monte Carlo methods simulate the actual process 
and repeat simulation until convergence criteria is 
met

• For complex systems, a Monte Carlo “brute force” 
approach is more appropriate

23 SERVM
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Types of Monte Carlo Analysis
• Non-Sequential Monte Carlo Simulation

• Each hour is independent of every other hour

• Inability to model time-correlated issues

• Inability to calculate frequency and duration indices

• Sequential Monte Carlo Simulation
• Steps through time chronologically
• Ability to model time correlated issues and calculate 

frequency and duration indices

• Requires more detailed system data

24 SERVM
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Utilized SERVM Characteristics 
• Multi Area Model

• Multiple Weather Years (supports up to 50 
years)

• Detailed DR Representation 

• Granular LOLE Calculations

25 SERVM
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Additional SERVM Characteristics 
• Renewable Generation Modeling 
• Transportation model to represent multiple neighbors 

and interconnections
• Full Economic Dispatch of Resources Allowing for 

Dispatch Constraints on Resources
• Alternative Dispatch During Reliability Events 
• Operating Reserves Modeled Based on NERC 

Guidelines 
• Economic Calculations
• Scarcity Pricing Algorithms
• Production Costing Ability

26 SERVM



LOLE 101

Utilized SERVM Modeling 
Components
• Weather Years

• Multiple load shapes

• Economic Load Forecast Error (LFE)
• Unit Outage Modeling
• Energy Limited Resource Modeling

• Demand Side Options

27 SERVM



LOLE 101

Additional SERVM Modeling 
Components
• Weather Years

• Thermal Capacity/Hydro
• Energy Limited Resource Modeling

• Hydro and Pump Storage
• Renewable resources (.i.e. Wind & Solar)

• Scarcity Pricing, Neighbor Modeling, and 
Transmission Modeling

• Emergency Operating Procedures

28 SERVM
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Importance of Load Modeling in 
LOLE Analysis
• Loss of Load Expectation analysis is largely driven by 

two factors
• Generation Uncertainty
• Load Uncertainty

• Accurately capturing uncertainty is crucial to LOLE 
analysis

• Load Uncertainty
• Load Shape
• Weather Uncertainty
• Economic Uncertainty

29 SERVM



LOLE 101

Load Modeling Framework
• Use historic weather years to capture load 

uncertainty
• Variance in peak demand
• Variance in load shape

• Results in more diverse and comprehensive load 
modeling
• More accurate shoulder and non-peak load variance 

and uncertainty

• Utilize Neural-Net software to “train” data

30 SERVM



LOLE 101

Load Training Process

31

Load forecast adjustment

Extreme temperature adjustment

Neural-net predicting

Neural-net training

5-year load growth adjustment

Historical load and weather data formatting

SERVM
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Data Sources for Load Training
• Historical real-time settlement load data

• Source: MISO
• 2013 to 2017

• Historical real-time LMR performance
• Source: MISO
• Voluntary and MISO deployments
• 2015-2017

• Historical weather data
• Source: NOAA
• 1989 to 2017

• LSE load forecasts
• Source: LSE submittals to MECT

32 SERVM
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Historical Load and Weather Formatting

• 5 years of hourly load and temperature (2013-2017)
• Weather data (2013-2017)

• Month
• Temperature
• Time of Day
• Day of Week
• 24 hour ago Temperature
• 48 hour ago Temperature

• Holidays are set to Sunday
• New Year’s Day 
• Memorial Day
• Independence Day
• Labor Day, Thanksgiving Day & Christmas Day

33 SERVM
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5-Year Load Growth Adjustment
• 5 years of load data should not include 

load growth due to economics

• Load normalized to consistent economics

• Adjustment calculated based off high 
temperature load analysis i.e. 90 degrees 
and above

34 SERVM



LOLE 101

NeuroShell Predictor Software
• Ward Systems Group Software
• Used for pattern recognition of multi-variable problems
• Makes predictions based off of established neural-net functional 

relationships
• Software tutorial can be found at the link below:

• http://www.wardsystems.com/predictortutorial.asp
• Load Training Input Variables:

• Month
• Day of week
• Time of day
• Previous hour load
• Temperature
• 24 hour ago temperature
• 48 hour ago temperature

• Load Training Output Variables:
• Actual Load

35 SERVM



LOLE 101

Neural-Net Training

36 SERVM



LOLE 101

Neural-Net Predicting
• 30 years of historical weather

• 1989 to 2017

• Neural-Net applied to 30 years of historical 
weather to predict load

• Output is 30 weather year load shapes at 5 
year normalized economy
• i.e. Predicted 2018 load with1999 weather

37 SERVM





LOLE 101

Load Forecast Adjustment
• Average of 30 predicted load shapes adjusted to 

match LRZ’s 50/50 zonal peak load forecast for 
study year

• Ratio of 1st years Non-Coincident Peak Forecast 
to Zonal Coincident Peak Forecast applied to 
future years Non-Coincident Peak Forecast

• Results in 30 Planning Year weather load shapes 
• i.e. 2019-20 PY load if we have 1995 weather

39 SERVM
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Economic Load Forecast Error
• Use Projected and Actual GDP Growth Rates for 

Economic Uncertainty 
• Use Congressional Budget Office (CBO) projections 

for GDP growth (historic)
• Compare with the actual GDP growth taken from the 

Bureau of Economic Analysis
• Translate the GDP forecast error into electric utility 

forecast error by multiplying by a scalar 
• Rate at which electric load grows in comparison to GDP

• Calculate the standard deviation of forecast error 
• Using the standard deviation, create a normal 

distribution of forecast error

40 SERVM



LOLE 101

Economic Load Uncertainty

41 SERVM

Load Forecast Error (LFE) Levels

-2.0% -1.0% 0.0% 1.0% 2.0%

Standard Deviation in LFE Probability to assigned to each LFE

1.19% 10.4% 23.3% 32.6% 23.3% 10.4%

• The 2018/19 PY LOLE study showed that 
the economic load uncertainty modeling 
resulted in a 0.2 percentage point increase 
to the MISO Planning Reserve Margin



LOLE 101

Advantages in Load Modeling with 
historical weather
• Multiple load shapes based on weather more 

accurately capture
• Variance in load shapes
• Variance in peak load
• Seasonal load uncertainty
• Frequency and duration of severe weather 

patterns

• Decouple weather and economic uncertainty

42 SERVM



LOLE 101

Unit Data
• Unit Name
• Unit Physical Local Resource Zone (LRZ)
• Installation Date
• Retirement Date
• Type (Thermal, Curtailable Load, Renewable)
• Unit Summary Type

• Thermal (Nuclear, Fossil Steam, Combustion Turbine, Hydro, Pumped 
Storage Hydro)

• Curtailable Load (Demand Response)
• Renewable (Intermittent Resources such as Wind, Run-of-River Hydro, 

Biomass and Energy Efficiency)
• Thermal Units

• Utilize the GVTC for a peak capacity and each unit’s monthly Net 
Dependable Capacity (NDC) submitted in PowerGADS determines each 
unit’s monthly capacity profile

43 SERVM



LOLE 101

Forced Outage Rates & Unit 
Maintenance – Thermal Units Only
• Forced Outage Rates

• Time to Repair
• Time to Failure

• Fixed Maintenance – Typically Nuclear Units
• Begin Date
• Stop Date

• Planned Outage Rates
• Percentage of the year in which a unit will be on scheduled 

maintenance
• Planned Outage Factor + Maintenance Outage Factor from 

PowerGADS
• Maintenance scheduled on days with maximum reserves

44 SERVM
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Curtailable Load Units (Energy Limited)

• SERVM dispatches Demand Response (DR) 
based on several constraints
• Days per week
• Hours per day
• Hours per year
• Dispatch price

• Use limitations to model fatigue
• Minimum Megawatt (MW) – Zero
• Maximum Megawatt (MW) – Monthly Profile

45 SERVM
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Demand Side Management (DSM)
• Renewable Units
• Net Hourly Load Modification

• Maximum Megawatt (MW) – Monthly Profile
• Positive values decrease load

46 SERVM



LOLE 101

Non-Firm Support
• Represents benefit of being part of Eastern 

Interconnect

• 1 MW of non-firm support reduces requirement by 
1 MW

• Reliability targets highly sensitive to fluctuations 
in non-firm support

• LOLE study uses set MW amount of non-firm

47 Agenda Reference
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Firm Imports
• External resources FRAP’ed or Offered in 

MECT are included in LOLE modeling
• External purchases are modeled similar to 

MISO units
• Modeled from external region to MISO
• Firm imports are only modeled in MISO 

PRM model and not zonal LRR model
• External firm imports impact LOLE based on 

unit characteristics

48 SERVM
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Firm Exports/Sales
• Capacity that is ineligible for MISO PRA is 

excluded from MISO and zonal models
• Only units that have capacity obligations 

outside of MISO are designated as sold in 
the LOLE model

• External firm exports impact LOLE based 
on unit characteristics

49 SERVM
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SERVM Simulation Frameworks

50

30 Weather
Years 

(equal probability)
x 5 Economic Uncertainties

(Normal Distribution)
= 150 Load Scenarios

150 Load
Scenarios

x 300 unit outage
draws =

45,000 
8760 hour simulations

** Scenarios are an example of framework and are not fixed

SERVM
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Capacity Adjustment Flowchart

51 SERVM
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LOLE Study Deliverables to MISO’s 
Planning Resource Action (PRA)

• The LOLE study has four deliverables to the Planning 
Resource Auction
• MISO PRM UCAP [%]
• Local Resource Zones (LRZ) Local Reliability 

Requirement (LRR) per unit
• LRZ Capacity Import Limit (CIL)
• LRZ Capacity Export Limit (CEL)

• LOLE deliverables are applied to updated demand forecasts 
to calculate PRA requirements

52 LOLE Results Walkthrough



LOLE 101

Calculation of MISO PRM [%]

53 LOLE Results Walkthrough

MISO Planning Reserve Margin (PRM) 2018/2019 PY Formula Key
MISO System Peak Demand (MW) 125,805 [A]

Installed Capacity (ICAP) (MW) 149,901 [B]

Unforced Capacity (UCAP) (MW) 138,505 [C] 

Firm External Support ICAP (MW) 4,938 [D] 

Firm External Support UCAP (MW) 4,764 [E]

Adjustment to ICAP {1d in 10yr} (MW) -4,550 [F]

Adjustment to UCAP {1d in 10yr} (MW) -4,550 [G]

ICAP PRM Requirement (PRMR) (MW) 150,289 [H] = [B]+[D]+[F] 

UCAP PRM Requirement (PRMR) (MW) 138,719 [I] = [C]+[E]+[G] 

MISO PRM ICAP 19.5% [J]=[H]-[A]/[A]

MISO PRM UCAP 10.3% [K]=[I]-[A]/[A]

Post-Processing accounting for non-firm external support
External Non-Firm Support ICAP (MW) 2,987 [L] 

External Non-Firm Support UCAP (MW) 2,331 [M]

With External Support ICAP PRM Requirement (MW) 147,302 [N]=[B]+[D]+[F]-[L] 

With External Support UCAP PRM Requirement (MW) 136,388 [O]=[C]+[E]+[G]-[M]

With External Support MISO PRM ICAP 17.1% [P]=([N]-[A])/[A] 

With External Support MISO PRM UCAP 8.4% [Q]=([O]-[A])/[A]

*MISO Capacity Market procures on UCAP
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Calculation of Zonal Requirements 
and Example PRA Requirements
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Local Resource Zone (LRZ)
LRZ-1 LRZ-2 LRZ-3 LRZ-4 LRZ-5 LRZ-6 LRZ-7 LRZ-8 LRZ-9 LRZ-10

Formula Key
MN/ND WI IA IL MO IN MI AR LA/TX MS

2018-2019 Planning Reserve Margin (PRM) Study

Installed Capacity (ICAP) (MW) 19,055 15,863 11,145 10,638 8,665 19,458 23,225 11,594 23,514 6,756 [A]

Unforced Capacity (UCAP) (MW) 18,095 14,892 10,613 9,481 7,751 18,165 21,196 10,991 21,674 5,657 [B]

Adjustment to UCAP {1d in 10yr} (MW) 2,326 352 202 2,326 2,411 1,782 3,349 -760 1,595 1,581 [C]

Local Reliability Requirement (LRR) UCAP (MW) 20,422 15,244 10,815 11,807 10,162 19,948 24,545 10,231 23,269 7,237 [D]=[B]+[C]

Peak Demand (MW) 17,789 12,858 9,391 9,709 8,199 17,443 21,296 8,072 20,649 4,859 [E]

LRR UCAP per-unit of LRZ Peak Demand 114.8% 118.6% 115.2% 121.6% 123.9% 114.4% 115.3% 126.7% 112.7% 148.9% [F]=[D]/[E]
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Important LOLE Fundamentals 
Takeaways
• LOLE is the measure of how long, on average, the available generation capacity is 

likely to fall short of the load demand 
• LOLE is used to study Generation(Resource) Adequacy 
• Probabilistic analysis accurately captures uncertainty risk

• MISO Resource Adequacy criteria for Planning Reserve target is the industry 
standard LOLE objective:
• 1-day in 10-years 
• Aligns with NERC standards

• Achieving reliability in the bulk electric systems requires that the amount of 
resources exceeds customer demand by an adequate margin (Planning Reserve 
Margin)
• LOLE models utilize an Equivalized Transportation Model to determine Planning Reserve 

Margin and Local Reliability Requirements

• All Market Participants are encouraged to participate in the stakeholder process 
through LOLEWG 

55 Takeaways



LOLE 101

Reference Materials
• Past LOLE 101 Documents

• LOLE 101 (Apil 11th, 2017)

• Loss of Load Expectation Reports
• 2018 Loss of Load Expectation (LOLE) Study Report
• Loss of Load Expectation Working Group (LOLEWG)
• 2018 Wind Capacity Report
• Resource Adequacy Documents

• Resource Adequacy Documents
• BPM

• BPM 011 - Resource Adequacy

• MISO Tariff: Module E-1 
• NERC Standard BAL-502-RF-03
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LOLE Terms and Definitions
• Installed Capacity: The installed capacity that is physically located within 

the zone. The ICAP is the output that the generator tested for its max 
summer output.

• Unforced Capacity: The installed capacity less forced outage rates. 
Capacity Resources are quantified by applying forced outage rates to 
installed capacity values (ICAP) to calculate the Unforced Capacity value 
(UCAP) for the resource.

• Adjustment to UCAP: The UCAP capacity adjustment within the zone to 
drive the zone to the “1 day in 10” criteria if the zone was an island. If a 
zone is more reliable than “1 day in 10” capacity needs to be removed in 
order to drive the model to the LOLE metric.

• LRR (UCAP): Zonal specific reserve margin requirement [MW], capacity 
above zonal peak load, required to meet “1 day in 10” loss of load 
expectation requirement if the Local Resource Zone is an island (i.e. 
completely disconnected from external areas and the rest of MISO). 
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LOLE Terms and Definitions
• Peak Demand: The zone’s annual peak demand including transmission 

losses.
• Time of Peak Demand (ESTHE): The date and time of the zones annual 

peak demand.
• LRR UCAP per-unit of LRZ Peak Demand: Zonal specific reserve margin 

[%], capacity above zonal peak load, required to meet “1 day in 10” loss of 
load expectation requirement if the Local Resource Zone is an island (i.e. 
completely disconnected from external areas and the rest of MISO).

• Capacity Import Limit: The amount of capacity that a zone can import 
from outside their zone reliably during peak load before observing a 
transmission constraint.  

• Capacity Export Limit: The amount of capacity that a zone can reliably 
export out of their zone during peak load before observing a transmission 
constraint.  
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LOLE Terms and Definitions
• Forecasted LRZ Load at MISO Peak: Zone’s load coincident with 

MISO’s annual peak load.
• Firm External Support: Represents the external resources offered 

into planning year PRA and are modeled at the individual unit level.
• External Non-Firm Support: Represents the benefit of being part 

of the Eastern Interconnection, where 1 MW increase of no-firm 
support reduces requirement by 1MW.

• Local Reliability Requirement: Zonal specific reserve margin 
requirement [MW], capacity above zonal peak load, required to meet “1 
day in 10” loss of load expectation requirement if the Local Resource Zone 
is an island (i.e. completely disconnected from external areas and the rest 
of MISO).
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LOLE Terms and Definitions
• Local Clearing Requirement: The minimum capacity required to be 

physically located within a zone to meet the “1 day in 10” Loss of Load 
Expectation requirement. The LCR is LRR minus the CIL and non-pseudo 
tied exports.

• Zone’s System Wide PRMR: The zones share of the total MISO Planning 
Reserve Requirement that the zone needs to procure on a UCAP basis 
[MW]. The difference of the zones system wide PRMR minus the Local 
Clearing Requirement is the capacity that can be cleared outside of the 
zone (able to import at peak load) to meet the Planning Reserve Margin 
Requirement.

• Planning Reserve Margin (PRM): The reserve margin, capacity above 
peak load, the entire MISO footprint needs to procure to meet the “1 day in 
10” Loss of Load Expectation requirement. The “1 day in 10” Loss of load 
requirement is the industry standard risk metric.
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PRM and LRR Calculations
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Each LRZ′s LRR =
LRZ Unforced

Capacity
+

LRZ UCAP
Adjustment needed
to meet 0.1 d/y LOLE

LRZ per unit LRR =
LRR

LRZ Peak Demand

PRM ICAP =
Installed capacity + ICAP Adjustment to meet 0.1 days/year LOLE + Firm Contracts − MISO Peak Demand

MISO Peak Demand

PRM UCAP =
Unforced capacity + UCAP Adjustment to meet 0.1 days/year LOLE + Firm Contracts − MISO Peak Demand

MISO Peak Demand
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