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01 Current reliability standards – storm restoration, etc.

02 Pending ruleset changes

03 Root cause of failures

04 Outage measurement and tracking – do metrics 
capture reality (SAIDI, etc)
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kirklandc@michigan.gov  Focused, multi-year stakeholder initiative to maximize
the benefits of the transition to clean, distributed energy 
resources for Michigan residents and businesses

 Engages utility customers and other stakeholders to
help integrate new clean energy technologies and optimize
grid investments for reliable, affordable electricity service

 Includes outreach, education, and regulatory reforms

Presenter
Presentation Notes
MI Power Grid is a focused, multi-year stakeholder initiative to maximize the benefits of the transition to clean, distributed energy resources (or DERs) for Michigan residents and businesses.  MI Power Grid seeks to engage utility customers and other stakeholders to help integrate new clean energy technologies and optimize grid investments for reliable, affordable electricity service.  The initiative consists of education, outreach, and regulatory reforms with stakeholder engagement to advance Michigan’s clean energy future.
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Grid Security and Reliability Standards

5

 Workgroup initiated in September 2019 and held four stakeholder 
meetings as part of Phase I.

 Charged with recommending revisions to the Service Quality and 
Reliability Standards as well as the Technical Standards for Electric 
Service rulesets 

 Identified gaps in existing rules and proposed solutions,                      
including improvements in expected levels of performance, requiring 
automatic bill credits for customers who experience long-term or 
multiple outages, as well as strengthening cybersecurity monitoring 
and reporting.

Presenter
Presentation Notes
The Grid Security and Reliability Standards workgroup was charged with recommending revisions to the Commission’s Service Quality and Reliability Standards as well as the Technical Standards for Electric Service rulesets, consistent with recommendations from the Statewide Energy Assessment relative to reliability standards and cyber security.As a result of four stakeholder meetings, and several subgroup meetings, Staff identified gaps in existing service quality and reliability rules for electric service, and proposed solutions, including improvements in expected levels of performance of the electric grid and requiring automatic bill credits for customers who experience long-term or multiple outages, as well as strengthening cybersecurity monitoring and reporting. Initial reports were issued on July 31st. Staff will continue to engage with stakeholders to refine the rulesets in preparation for the final reports to be issued on December 15th with the formal rulemaking process to commence thereafter.
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Service Quality and Reliability Standards 

6

Issues Reviewed
 Adopting more IEEE Definitions
 Revising Wire Down Standby Times
 Outage Reporting Requirements

• Emergency Response Plans, AAR’s

◦ Service Performance Rules to be 
transferred to Billing Ruleset

◦ Modifying Annual Reporting 
Requirements for all utilities

◦ Outage Credits and Thresholds

◦ Electric Service Reliability

Workgroup Participants and Commenters
 Michigan’s Attorney General
 Michigan’s Utilities
 Michigan Fire Departments
 MEGA
 MECA
 MAUI
 State Rep. Yaroch
 New Energy Advisors
 CUB

Timeline
 December 2019 to March 2020

• Monthly whole group sessions to 
discuss common issues

• Separate subgroup sessions:
o Two Definitions and Outage 

Reporting Meetings
o Three Wire Down Meetings

 January-August 2021
• Internal review of proposed ruleset in 

preparation to move to rulemaking

Presenter
Presentation Notes
The Grid Security and Reliability Standards workgroup was charged with recommending revisions to the Commission’s Service Quality and Reliability Standards as well as the Technical Standards for Electric Service rulesets, consistent with recommendations from the Statewide Energy Assessment relative to reliability standards and cyber security.As a result of four stakeholder meetings, and several subgroup meetings, Staff identified gaps in existing service quality and reliability rules for electric service, and proposed solutions, including improvements in expected levels of performance of the electric grid and requiring automatic bill credits for customers who experience long-term or multiple outages, as well as strengthening cybersecurity monitoring and reporting. Initial reports were issued on July 31st. Staff will continue to engage with stakeholders to refine the rulesets in preparation for the final reports to be issued on December 15th with the formal rulemaking process to commence thereafter.

mailto:kirklandc@michigan.gov


MPSC
Technical Conference

Day 2

Session One
Identify the Gaps

November 5, 2021
9:05 a.m.

Speaker Topic:
Current Gaps:  Do We 

Meet the Existing 
Standards? 

Charyl Kirkland
Analyst

Energy Operations 
Division

kirklandc@michigan.gov

Current Outage Reliability Requirements

7

R 460.721: Duty To Plan to Avoid Unacceptable Levels

 An electric utility shall plan to operate and maintain its 
distribution system in a manner that will permit it to provide 
service to its customers without experiencing an 
unacceptable level of performance as defined by these rules.
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R 460.722: Unacceptable Levels of Performance

 It is unacceptable for a utility to fail to meet these interruption 
standards: 

 Normal and Catastrophic conditions: an electric utility shall restore 
service within 36 hours to not less than 90% of its customers 
experiencing service interruptions. 

 Catastrophic conditions: an electric utility shall restore service within 
60 hours to not less than 90% of its customers experiencing service 
interruptions. 

 Normal conditions: an electric utility shall restore service within 8 
hours to not less than 90% of its customers experiencing service 
interruptions. 

 Repetitive Outages: An electric utility shall not experience 5 or more 
same circuit repetitive interruptions in a 12-month period on more 
than 5% of its circuits. 

Current Outage Reliability Requirements
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Root Cause of Failures – Rule 705

R 460.3705 Interruptions of service; records; planned interruption; notice to commission. 
Rule 705. (1) Each electric utility shall make a reasonable effort to avoid interruptions of 
service. When interruptions occur, service shall be restored within the shortest time 
practical, consistent with safety. 
(2) Each electric utility shall keep records of sustained interruptions of service to its 
customers and shall make an analysis of the records for the purpose of determining steps to 
be taken to prevent recurrence of the interruptions. The records shall include the following 
information concerning the interruptions: 

(a) Cause. 
(b) Date and time. 
(c) Duration. 

(3) Planned interruptions shall be made at a time that will not cause unreasonable 
inconvenience to customers and shall be preceded, if feasible, by adequate notice to 
persons who will be affected.
(4) Each electric utility or electric cooperative shall promptly notify the commission of any 
major interruption of service to its customers. 

History: 1983 AACS; 1996 AACS.
Source: Michigan Technical Standards for Electric Service
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 Current Technical Standards ruleset requires notification to 
MPSC when a utility is experiencing a major interruption to their 
system (“catastrophic” 10%+). 

 Some utilities provide pre-event notifications to alert Staff that 
inclement weather is expected in their territory. 

 Outages are tracked by the utility and reported to the 
Commission once they reach reportable levels. 

Outage Reporting Requirements

10

mailto:kirklandc@michigan.gov


MPSC
Technical Conference

Day 2

Session One
Identify the Gaps

November 5, 2021
9:05 a.m.

Speaker Topic:
Current Gaps:  Do We 

Meet the Existing 
Standards? 

Charyl Kirkland
Analyst

Energy Operations 
Division

kirklandc@michigan.gov

 Once the Commission is notified of an outage, the restoration 
process is tracked by Staff until the utility has restored the 
affected customers. 

 Staff monitors the progress via reports from the utility and 
through the utility outage map.

 Staff may request AAR’s from a utility to review restoration 
performance and takeaways. 

 Staff tracks the utility performance via annual reports provided 
by each utility. 

 U-12270, U-16065, U-16066

Outage Tracking

mailto:kirklandc@michigan.gov
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All Utilities (U-12270):

 Wire Down Relief

 Meter Read

 New Service Installation

 Complaint Response*

 Average Call Answer Time*

 Call Blockage Factor*

 Outage Restoration—Normal

 Outage Restoration—Catastrophic

 Outage Restoration—All Conditions

 Same Circuit Repetitive Outage

 Outage Credits Paid

 SAIDI, SAIFI, CAIDI 
 5 year rolling average
 With and Without Major Event Days

Consumers Energy & DTE Energy Only:
 CEMI 0-10+
 CELID 60hrs and CELID 8hrs (excluding 

catastrophic events)
 $25.00 Outage Credit Directives
 List of their 10 worst performing circuits for the 

prior years in terms of SAIDI & SAIFI
 SAIDI and SAIFI excluding major events for the 

year
 Circuit name, number and location
 Length of circuit (miles)
 Number of customers served
 Substation name
 Last circuit trim
 List of outages and causes
 Corrective action plan to improve performance
 MAIFI (if possible)

Current and Proposed Reporting 
Requirements

*Proposed Transfer to Billing Rules

mailto:kirklandc@michigan.gov
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Outage Root Cause Analysis

 Rule 705 contained within the Technical Standards require 
utilities to conduct an outage cause analysis.

 Utilities are also required to keep detailed records of outages. 

 For utilities that do not meet MPSC annual reporting metrics, the 
utility must provide an explanation of how they will remedy the 
problem that caused them to miss the metric. 

 For large scale outages, the Commission orders Staff to 
investigate the root cause of the outages and identify areas of 
improvement.

mailto:kirklandc@michigan.gov


MPSC
Technical Conference

Day 2

Session One
Identify the Gaps

November 5, 2021
9:05 a.m.

Speaker Topic:
Current Gaps:  Do We 

Meet the Existing 
Standards? 

Charyl Kirkland
Analyst

Energy Operations 
Division

kirklandc@michigan.gov

Proposed Service Quality Changes

 Updates to Definitions to align with industry standard IEEE 
Terminology. 

 Require utilities to automatically issue outage credits to customers 
who qualify. 

 Increase in the base outage credit amount to $35.00 and added 
$2.00 per hour multiplier for long duration outages.

 Automatic adjustments to the outage credit amount to account for 
inflation annually. 

 New mandates for repetitive and momentary outages. 

Presenter
Presentation Notes
The only dissenters mentioned that reporting was cumbersome and not all utilities have implemented AMI or eliminating requirement for utilities in compliance.
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Unacceptable
Normal 0-10% 8 hrs 0-1% 8 hrs

Gray Sky 1-10% 24 hrs
Catastrophic 10%+ 60 hrs 10%+ 48 hrs
All Conditions 36 hrs 36 hrs

Outage Credit
Normal 0-10% 16 hrs 0-1% 16 hrs

Gray Sky 1-10% 48 hrs
Catastrophic 10%+ 120 hrs 10%+ 96 hrs

Current Revised

Current Revised

 Customers are eligible for outage 
credits when they experience long 
duration or repetitive outages. 

 In the workgroup process, it was 
revealed that many utilities have 
events that are significant enough 
to push them out of “normal” 
operations, but are not classified 
as “catastrophic”. 

 Staff created a “gray sky” category 
to capture these events for internal 
tracking as well as for customers to 
be eligible for the outage credit. 

Overview: Outage Credit Threshold Revisions

Presenter
Presentation Notes
The only dissenters mentioned that reporting was cumbersome and not all utilities have implemented AMI or eliminating requirement for utilities in compliance.
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Additional Information

 Customers who have additional questions regarding their outage 
credit eligibility and their bill should reach out to their utility 
provider.

 In addition, the Customer Assistance Division at the MPSC 
can assist customers who have additional questions or 
concerns. Customer Service Division can be reached at (517) 284-
8100.

16
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Outage Measurement 
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MPSC Rulemaking Process

Draft Rules

RFR Submitted & 
Approved by LSB

Submit the RIS to the 
RAO

Issue Order #1

Publicize and hold 
Public Hearing

Issue Order #2

Submit JCAR Report

Issue Order #3

• The Request for Rulemaking (RFR) is drafted and submitted to the Michigan Office of Administrative Hearings and Rules 
(MOAHR)

• Submit draft rules to the MPSC's Regulatory Affairs Officer (RAO) at MOAHR
• Rules are informally approved by the Legislative Services Bureau (LSB) and MOAHR

• A Regulatory Impact Statement (RIS) is drafted and submitted to the RAO
• Recommended changes sent back

• Gives brief history of rule set
• Sets dates for public hearing and for receipt of comments
• Exhibit A: NOH; Exhibit B: Rules in strike/bold
• MPSC STAFF CANNOT MAKE FURTHER CHANGES TO RULE SET

• Public hearing notices must be published in at least three public newspapers
• Must publish 10-60 days before a hearing date
• RIS must be posted to MPSC website at least 10 days before public hearing

• Review verbal/written comments
• MPSC responds to each, explaining reasoning for adoption or denial of the recommended change
• Amend rules if, after discussing with Staff, public comments suggest valid rule changes
• RIS must be posted to MPSC website at least 10 days before public hearing
• Sent along with the order and a final version of the rules to RAO, who submits them to the Joint Committee on Administrative 

Rules (JCAR).
• Wait for 15 joint session days. 

• Formally adopts the rules and transmits them to MOAHR for filing with the Secretary of State
• Prepare and submit Certificate of Adoption

• Initial rules are drafted by the Regulatory Affairs Division or Staff

mailto:kirklandc@michigan.gov
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 Rulemaking is not a fast process and can be lengthy.
 Ruleset hearing scheduled for December 9th

 The Commission will continue to monitor the outage performance 
of Michigan’s utilities. 
 Rate Case Review (Tree Trimming/Storm Response)

 Utility Five Year Distribution Planning Review

 MI Power Grid Initiative

 Michigan Technical Conference on Storms

 Customers who were affected by longer outages can apply for an 
outage credit through their utility. 
 DTE has announced that they will voluntarily credit eligible customers who 

experienced qualifying outages up to $100.

Next Steps
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MPSC Technical Conference
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Outline

• Pathways through which climate change can affect the 
electric power sector

• Expected climate change impacts in Michigan

• System-level consequences of climate change impacts 
in the power system

• New approaches for power system planning under a 
changing climate
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Efforts to mitigate climate change likely won’t meet A 
2⁰C goal.

Source: UNEP, 2020

Presenter
Presentation Notes
2C = 3.6F
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Climate 
change

Climate Change Might Affect Individual Parts Of The 
Power System In Michigan Through Numerous 
Pathways.

Increasing air 
temperatures

Increasing river 
temperaturesChanges in 

precipitation

Changes in wind 
and solar resources

Thermal power 
plants

Hydropower plants

Electricity demand

Transmission & 
distribution 

systems

Solar farms

Wind farms
… & system 

imports

Decreasing 
river levels

Intensifying 
extreme storms

Craig et al., 2018, Renewable & Sustainable Energy Reviews
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Climate Change Will Increase Average And 
Extreme Air Temperatures Across The Midwest

Figures 2.4 & 21.10 & Table 21.1, 
U.S. Fourth National Climate Assessment
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• Average annual precipitation 
could increase by 1-5% 
through 2045 across Midwest, 
mostly in winter and spring. 

Climate Change Will Likely 
Increase Average Annual 
And Heavy Precipitation 
Events Across The Midwest

Figure 2.6, U.S. Fourth National Climate Assessment

Presenter
Presentation Notes
Top: 1901-1960 vs 1986-2016.  bottom: 2070-2099 vs. 1986-2015. Average annual precipitation could increase by 1-5% through 2045 across Midwest, and continue to increase thereafter. Most increases will occur in winter and spring. 
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• Average annual precipitation 
could increase by 1-5% 
through 2045 across Midwest, 
mostly in winter and spring. 

Climate change will 
likely increase 
average annual and 
heavy precipitation 
events across the 
midwest

Figure 2.6, U.S. Fourth National Climate 
Assessment

Presenter
Presentation Notes
Top: 1901-1960 vs 1986-2016.  bottom: 2070-2099 vs. 1986-2015. Average annual precipitation could increase by 1-5% through 2045 across Midwest, and continue to increase thereafter. Most increases will occur in winter and spring. 
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Climate Change Could Intensify Extreme 
Weather Events In The Midwest.

U.S. Fourth National Climate Assessment
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Drought conditions might be accompanied by 
greater temperatures, posing A compound 
threat.

Presenter
Presentation Notes
The USDM’s drought intensity scale is composed of five different levels: D0, D1, D2, D3, and D4. The abnormally dry category, D0, corresponds to an area experiencing short-term dryness that is typical with the onset of drought. This type of dryness can slow crop growth and elevate fire risk to above average. This level also refers to areas coming out of drought, which have lingering water deficits and pastures or crops that have not fully recovered. It is also important to note that scientists only consider D0 level areas to be dry, and they are not necessarily experiencing drought conditions.The moderate drought category, D1, corresponds to an area where damage to crops and pastures can be expected and where fire risk is high, while stream, reservoir, or well levels are low. The severe drought category, D2, corresponds to an area where crop or pasture losses are likely, fire risk is very high, water shortages are common, and water restrictions are typically voluntary or mandated. The extreme drought category, D3, corresponds to an area where major crop and pasture losses are common, fire risk is extreme, and widespread water shortages can be expected requiring restrictions. The highest category, exceptional drought, or D4, corresponds to an area experiencing exceptional and widespread crop and pasture losses, fire risk, and water shortages that result in water emergencies.
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Compound events 
are often the type of 
event we worry 
about most.
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Outline

• Pathways through which climate change can affect the 
electric power sector

• Expected climate change impacts in Michigan

• System-level consequences of climate change impacts 
in the power system

• New approaches for power system planning under a 
changing climate
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Several common themes are emerging from 
research on how climate change will affect 
power systems.

• A single climate-change-related event can impact demand, 
supply, and other infrastructure simultaneously. 
• For instance, extreme heat events can simultaneously reduce thermal 

and solar generation capacity; reduce transmission capacity; and 
increase electricity demand 

• Climate change can shift risk profiles of power systems, 
including by exacerbating the risk of supply shortfalls.

• Incorporating climate change in long-term planning can mitigate 
this risk, including through adaptation investments.  
• Investments can be at existing assets or in new assets. 

• Impacts of climate change on wind and solar plants are less 
certain and likely smaller than on demand and other supply-side 
assets. 
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An emerging area of research considers 
consequences of climate change on power 
system planning 
(Tarroja et al 2016, Ralston Fonseca et al 2021a, Abdin et al 2019, Perera et al 2020, Bennett et al 2021).

Source: Craig et al., 2018
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Climate change has already reduced system 
reliability in some regions!

California 2020: 491,000 customers lost power 
for up to 150 minutes during rolling blackouts.
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Research Deep Dive: What are the trade-offs between 
planning and operations under climate change?

1. If planners ignore climate change, how will their 
systems fare operationally under climate change?

2. If planners account for climate change, what are the 
excess costs if climate change does not occur?

Source: Fonseca et al., 
2021, ES&T
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Climate impacts 
(RCP 4.5)

No climate 
impacts

Climate 
impacts

No 
climate 
impacts

Climate 
impacts

No 
climate 
impacts

Climate 
impacts in 
CE/UCED:

Yes/Yes

Yes/No

No/Yes

No/No

We run a planning (capacity expansion) 
model and operations (unit commitment 
and economic dispatch) model with and 
without climate impacts. 

Source: Fonseca et al., 2021, ES&T
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Including climate impacts in planning displaces 
natural gas with solar power investments.

Source: Fonseca et al., 
2021, ES&T
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Source: Fonseca et al., 
2021, ES&T

If we neglect climate change in the CE & UCED 
models, investments (mostly in NGCC) meet 
demand. 
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Source: Fonseca et al., 
2021, ES&T

If we account for climate change in the CE & 
UCED models, investments in NGCC and solar 
meet elevated demand.

Presenter
Presentation Notes
Demand 3% greater annually & 16% greater in summer.
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If we ignore climate change when planning but 
climate change then impacts operations, 
significant loss of load occurs.

Loss of load in Ignore CC/CC effects scenario occurs in roughly
1,000 hours per year (12%) and occurs in large volumes (GWs). 
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The only scenario with significantly greater 
energy costs is when we ignore climate 
change when planning but climate change 
then impacts operations.

Source: Fonseca et al., 2021, ES&T

Presenter
Presentation Notes
Comparison of normalized costs of energy in 2050 in the four scenarios. The values are the average of the simulations using data from 20�different GCMs. Error bars represent the 90% uncertainty range of each component over the 20 GCM simulations �Given the importance of the total cost of LOL in our results,�we estimate the implied cost of avoiding the LOL in scenario�Ignore CC/CC effects (see the Methods section). According�to our results, the average implied cost of avoiding the LOL in�scenario Ignore CC/CC effects would be approximately 175�$/MWh or 6% of the VOLL used in Figure 3. This result�suggests that the cost (in $/MWh) of planning for climate�change and thus avoiding LOL is substantially lower than�literature VOLL values, some of which reflect consumers’�willingness to pay to avoid outages �
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Due to the risk of significant lost load, we 
found planning for climate change has 
asymmetric costs and benefits (in the 
Southeast US). 

• Cost of erroneously ignoring climate change: $59/MWh
• Cost of erroneously accounting for climate change: $3/MWh

• Lost load was driven by capacity under-investment and, to a 
lesser extent, thermal deratings.

• Planning for an 80% CO2 emission reduction resulted in a 
system less vulnerable to climate impacts.

Source: Fonseca et al., 
2021, ES&T
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Outline

• Pathways through which climate change can affect the 
electric power sector

• Expected climate change impacts in Michigan

• System-level consequences of climate change impacts 
in the power system

• New approaches for power system planning under a 
changing climate
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How can we better plan power systems for a 
changing climate?

Data
Objectives

Planning
model

and process

Reliability
model
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How can we better plan power systems for a 
changing climate?

Data
Objectives

Planning
model

and process

Reliability
model

Same process,
new data

New processes,
new data
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Same process, new data: update model 
inputs for future meteorology and hydrology

Source: conEdison, 
Climate Change Vulnerability Study (2019)
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How do we select new data capturing future 
potential conditions?

• There is no single future climate time series, so must use multiple time 
series from climate ensembles

• Ensembles can include multiple models, multiple runs from a single model, or 
both

• To separate climate change from inter-annual variability, must use long 
(~30 year) time series

• Publicly-available climate data is not interchangeable with current 
planning data inputs

• Lower resolution, missing variables

• Downscaling can improve resolution, but methods are computationally 
costly, not designed for power system data, and/or introduce new 
uncertainty
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How can we better plan power systems for a 
changing climate?

Data
Objectives

Planning
model

and process

Reliability
model

Same process,
new data

New processes,
new data
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New process, new data: assess vulnerability 
of existing and new assets to climate change

Source: conEdison, 
Climate Change Resilience & Adaptation (2021)
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New process, new data: assess vulnerability 
of existing and new assets to climate change

Source: conEdison, 
Climate Change Resilience & Adaptation (2021)
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New process, new data: assess risk posed by 
climate change to assets

mailto:mtcraig@umich.edu


MPSC
Technical Conference

Day 2

Session 1
Identify the Gaps

November 5, 2021
9:20 a.m.

Speaker Topic:
Better Planning Electric 

Power Systems for a 
Changing Climate

Dr. Michael Craig

Assistant Professor 
of Energy Systems

mtcraig@umich.edu

SCHOOL FOR ENVIRONMENT
& SUSTAINABILITY
UNIVERSITY OF MICHIGAN

New process, new data: assess risk posed by 
climate change to assets
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New process, new data: assess risk posed by 
climate change to assets
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New process, new data: rethink how we value 
adaptation investments in vulnerable areas
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New process, new data: use robust decision 
making (RDM) to stress test plans to future 
climates
• RDM can stress-test power system plans to future potential 

realizations of climate change. 
• RDM can identify trade-offs between investment decisions and 

objectives (cost, reliability, emissions reductions).
• RDM functions as a wrapper around existing planning processes.
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New process, new data: use robust decision 
making (RDM) to stress test plans to future 
climates
• RDM can stress-test power system plans to future potential 

realizations of climate change. 
• RDM can identify trade-offs between investment decisions and 

objectives (cost, reliability, emissions reductions).
• RDM functions as a wrapper around existing planning 

processes.

CEM = capacity expansion (planning) model; RAM = resource adequacy 
(reliability) model
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Recap

• Pathways through which climate change can affect the 
electric power sector

• Expected climate change impacts in Michigan

• System-level consequences of climate change impacts 
in the power system

• New approaches for power system planning under a 
changing climate
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Thank you for your attention!

Please let me know what questions 
or comments you have.

Michael Craig
mtcraig@umich.edu
https://assetlab.org
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mailto:mtcraig@umich.edu
https://assetlab.org/


MPSC
Technical Conference

Day 2

Session 1
Identify the Gaps

November 5, 2021
9:20 a.m.

Speaker Topic:
Better Planning Electric 

Power Systems for a 
Changing Climate

Dr. Michael Craig

Assistant Professor 
of Energy Systems

mtcraig@umich.edu

SCHOOL FOR ENVIRONMENT
& SUSTAINABILITY
UNIVERSITY OF MICHIGAN

SUPPLEMENTAL 
SLIDES
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Climate change will affect demand through changes in ambient air 
temperatures and relative humidity. Strength of effect depends on air 
conditioning and electrified heating penetrations.
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Climate change will increase peak demand by up to 20% 
(high agreement, robust evidence, high confidence).

Presenter
Presentation Notes
Climate change shifts the distribution of peak electricity demand upwards. The distribution of daily peak load is bimodal and shifts to the right by end of century. Shown is a comparison of kernel density plots of the observed hourly peak of daily load (blue), predicted peak load under RCP4.5 (green), and predicted peak load under RCP8.5 (red), by end of century. Results are averaged across 19 independent climate models.�
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Climate change will increase peak demand by up to 20% 
(high agreement, robust evidence, high confidence).

Demand in TVA (GW)

mailto:mtcraig@umich.edu


MPSC
Technical Conference

Day 2

Session 1
Identify the Gaps

November 5, 2021
9:20 a.m.

Speaker Topic:
Better Planning Electric 

Power Systems for a 
Changing Climate

Dr. Michael Craig

Assistant Professor 
of Energy Systems

mtcraig@umich.edu

SCHOOL FOR ENVIRONMENT
& SUSTAINABILITY
UNIVERSITY OF MICHIGAN

Climate change will 
have differentiated 
impacts on demand 
across space and time 
(seasons, time of day) 
(high agreement, 
robust evidence, high 
confidence). 

Lo
ad

 in
 T

VA
 (G

W
)

mailto:mtcraig@umich.edu


MPSC
Technical Conference

Day 2

Session 1
Identify the Gaps

November 5, 2021
9:20 a.m.

Speaker Topic:
Better Planning Electric 

Power Systems for a 
Changing Climate

Dr. Michael Craig

Assistant Professor 
of Energy Systems

mtcraig@umich.edu

SCHOOL FOR ENVIRONMENT
& SUSTAINABILITY
UNIVERSITY OF MICHIGAN

Climate change will 
have differentiated 
impacts on demand 
across space and time 
(seasons, time of day) 
(high agreement, 
robust evidence, high 
confidence). 
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Climate change will reduce available capacity from thermal 
plants through three mechanisms.

1) Increased outages due to increasing ambient air temperatures. 

2) Reduced efficiency due to increased ambient air temperatures 
and relative humidity.

3) Increased outages and reduced efficiency due to hydrological 
changes.
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CC is combined cycle, CT is simple cycle, DS 
is diesel, HD is hydroelectric and pumped 

storage, NU is nuclear, ST is steam turbine.

Murphy et al., “A time-dependent model of generator 
failures and recoveries captures correlated events and 
quantifies temperature dependence”

Climate change will reduce available capacity from thermal 
plants through three mechanisms.

1) Increased outages due to 
increasing ambient air 
temperatures. 

2) Reduced efficiency due to 
increased ambient air 
temperatures and relative 
humidity.

3) Increased outages and reduced 
efficiency due to hydrological 
changes.
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Climate change will reduce available capacity from thermal 
plants through three mechanisms.

1) Increased outages due to 
increasing ambient air 
temperatures. 

2) Reduced efficiency due to 
increased ambient air 
temperatures and relative 
humidity.

3) Increased outages and reduced 
efficiency due to hydrological 
changes.

Presenter
Presentation Notes
Available capacity (as a fraction of installed capacity) at pulverized coal plants (left) and NGCC plants (right) as functions of air temperature and relative humidity for plants with recirculating systems. The SI includes the values for coefficient in the regression equations. Rows show results for power plants designed with 90–70 °F/32–21 °C (top), 95–75 °F/35–24 °C (middle), and 100–80 °F/38–27 °C (bottom) inlet-outlet temperatures in the cooling tower. In the regression equation, RH signifies the relative humidity, and T is the ambient air temperature�
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Climate change will reduce available capacity from thermal 
plants, particularly during summer (high agreement, robust 
evidence, high confidence).
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Climate change will reduce transmission capacities through increased 
air temperatures (medium agreement, 
low evidence, medium confidence).

Presenter
Presentation Notes
Figure 2. Histograms indicating percent reduction to transmission capacity by decade (from top left to bottom right: 2020, 2040, 2060, 2080). RCP scenarios (2.6, 4.5 and 8.5) are indicated by their respective colors (blue, yellow and red). The horizontal axis represents bins of percent ampacity reductions, while the vertical axis represents the number of transmission lines falling into each bin.�
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Climate change will reduce transmission capacities through increased 
air temperatures (medium agreement, low evidence, medium 
confidence).

Presenter
Presentation Notes
Figure 1. Climate attributable reductions to transmission capacity by decade (from top left to bottom right: 2020, 2040, 2060, 2080). Colors indicate the percent reduction in transmission capacity under the average RCP 4.5 scenario, relative to the 1990–2010 reference period. For additional information on transmission line visualizations, see SI section 4.6.�
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Climate change might alter hydropower, wind, and solar generation 
primarily through shifts in water, wind, and solar resources (low-
medium agreement, low-medium evidence, low-medium 
confidence).

Changes will be highly heterogeneous across space and 
time.

Hydropower facilities in West are vulnerable to changes in 
snowpack. 

Solar power is vulnerable to increasing air temperatures 
and wildfire smoke!
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Climate change might alter hydropower 
potential (low-medium agreement, low-
medium evidence, low-medium 
confidence).

Areas with red dots show where 
projected changes are large 
compared to natural variations; areas 
that are hatched show where 
changes are small and relatively 
insignificant. 
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• Estimating wind and solar resource changes requires 
dynamical or statistical downscaling

• Remember, GCMs have low spatial and temporal 
resolution and limited cloud dynamics

• Dynamical downscaling is expensive (in terms of time and 
computing resources) and adds additional uncertainties

• Reduced form downscaling tools are starting to emerge

Climate change might alter wind and solar generation (low-
medium agreement, low-medium evidence, low-medium 
confidence).

Presenter
Presentation Notes
The extent to which downscaling improves climate model performance varies with location, season, variable of interest, and other features
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Some clear factors will reduce solar generation – wildfire 
smoke and increasing temperatures.
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