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London Economics International (“LEI”) in collaboration with RLC Engineering (“RLC”) and the
Consensus Building Institute (“CBI”), (altogether, the “LEI Team”) was hired by the Southern Maine
Planning and Development Commission (“SMPDC”) to provide energy resilience planning consultant
services. The scope of work includes Task 1: Project management, Task 2: Regional energy resilience
assessment, Task 3: Stakeholder group facilitation, Task 4: Community engagement, and Task 5:
Development of the Southern Maine energy resilience plan. This memo represents Task 2B which is a
technical report summarizing the grid reliability analysis using data provided by the region’s electricity
utilities, Central Maine Power (“CMP”) an Avangrid company, and Kennebunk Light & Power District
(“KLPD”).
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1 Introduction

London Economics International (“LEI”) in collaboration with RLC Engineering (“RLC”) and the
Consensus Building Institute (“CBI”), (altogether, the “LEI Team”) was hired by the Southern
Maine Planning and Development Commission (“SMPDC”) to provide energy resilience
planning consultant services. There are five tasks that make up these services. Each task is
detailed below.

e Task 1: Project management

Assist SMPDC staff to convene meetings and provide administrative support to the
SMPDC Project Team. Assist with documentation needed for grant reporting and general
communications. Develop and finalize project deliverables. Assist as needed with the
coordination of all public project communications, as well as communications with
Federal, State, and local stakeholders, and elected officials.

e Task 2: Regional energy resilience assessment

Provide an understanding of the current conditions and needs for energy resilience in
southern Maine and inform the development of priority strategies to increase energy
resilience.

o Task 2A: Coordination with State planning efforts
Memo summarizing current State energy resilience planning efforts and where
local and regional action may overlap and/or add to the existing plans of the
region’s electricity utilities.

o Task 2B: Grid reliability analysis
Technical report summarizing the grid reliability analysis.

o Task 2C: Cost assessment of power outages
Memo on the cost of power outages to the region.

o Task 2D: Microgrid feasibility analysis
Technical report providing a feasibility assessment of microgrid projects at critical
community facilities.

e Task 3: Stakeholder group facilitation

Lead stakeholder group facilitation. Develop and deliver meeting opportunities for
stakeholders to provide input and feedback throughout the planning process.

e Task 4: Community engagement

Gather input from businesses and community members to ensure that the plan reflects
community energy resilience concerns and needs as well as actions that could have broad

public support.
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e Task 5: Development of the Southern Maine energy resilience plan

Draft a plan that incorporates all the information, priorities, and input gathered through
the other project tasks.

This Task 2B technical memo report summarizes the grid reliability analysis conducted using
data provided by the region’s electricity utilities.

1.1 Assessment of the current and future impacts of climate change on the grid

On December 29, 2023, CMP submitted its climate change protection plan as required under
Maine statute 35-A §3146. CMP set out two process phases that it intends to undertake. The first
phase includes conducting a “Climate Change Vulnerability Study” (“CCVS”) that consists of (1)
developing projections for Maine’s future climate; (2) identifying hazards such as extreme events,
tflooding, precipitation, wind and ice, temperature, wind, drought/wildfire, rising sea level, and
(3) assessing hazard impacts and determining vulnerabilities across CMP’s electric system.

The CVVS was published in May 2025 and outlines how climate change will impact grid
reliability in the CMP service area, in the short (2050) and the long term (2100). The CVVS predicts
that climate projections in CMP’s service territory (including the Alfred District) align with much
of the rest of the Northeast United States. The report highlights a wide-ranging series of extreme
weather patterns - including storms, extreme precipitation, extreme heat, flooding, drought,
wildfires, rising sea levels - which are likely to increase in intensity by mid-century and beyond,
resulting in significant disruption throughout CMP’s service territory. The vulnerability analysis
performed in the CVVS identifies the assets and operation groups most susceptible to the impacts
of the identified climate hazards (see Figure 3.)

The CCVS also identifies vulnerabilities specific to the Alfred district that are relevant for
consideration in this planning effort:

e Extreme Heat: Extreme heat can lead to equipment damage, shortening of an asset’s life
span, or in extreme circumstances, asset failure. Increased temperatures also decrease
asset capacity while causing increases in demand, potentially forcing utilities to shed load
and cause power outages. In the Alfred Service District, substation equipment,
particularly transformers, is highly vulnerable to extreme heat by 2050.

¢ Inland flooding: Increases in flooding from more extreme precipitation and more frequent
rain-on-snow events will impact substation and circuit infrastructure (see Figure 1).
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Figure 1. Infrastructure identified as vulnerable to inland flooding within Alfred Service District
Inland flooding Threats Vulnerable Infrastructure

Five substations including:
North Limington (Limington)
Bonny Eagle (Hollis)
Biddeford Pump (Biddeford)
Butlers Corner (Acton/Shapleigh)
High St (Sanford)
Eight substations including:
Swett Road (Sanford)
Shaws Mill Road (North and South Berwick)
Bar Mills (Hollis)

Access obstructed Old Orchard
Factory Island (Saco)

Warning Flood Risk

Kennebunk

Sanford Switch

York Beach

Two substations including:
High Flood Risk Kennebunkport

South Berwick

Circuit 641D3 in Old Orchard Beach is identified as the third most
Flooding Exposed Circuits exposed overhead circuit to inland flooding (34.06% of structures
exposed)

Source: Central Maine Power. (2025). Climate Change Vulnerability Study

e Coastal Flooding: Increases in flooding from sea level rise and storm surge will impact
substation and circuit infrastructure (see table below)

Figure 2 . Infrastructure identified as vulnerable to coastal flooding within Alfred Service
District

Coastal flooding Threats Vulnerable Infrastructure

Two Substations including:

Warning Flood Risk Factory Island (Saco)
Kennebunk
Access Obstructed South Berwick

Based on 100 yr and 500 yr floodplains, the most exposed
overhead circuit is 641D2 in Old Orchard Beach.

Flooding Exposed Circuits
Based on NOAA 2ft SLR projection, the overhead circuit

681D3 in Wells is the most exposed to coastal flooding.

Source: Central Maine Power. (2025). Climate Change Vulnerability Study

CMP is projecting climate hazards to have the most impact on activities including assets and
vegetation management, reliability planning, and emergency management. The assessment also
highlights how changes in vegetation growth may act as a threat multiplier for power outages. A
warming climate with higher concentrations of carbon dioxide will lead to shifting forest
composition and increased rates of vegetation growth. Without corresponding changes in
vegetation management practices, this will lead to more frequent tree related outage.
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https://www.cmpco.com/documents/40117/162881638/CMP+Climate+Change+Vulnerability+Study.pdf/c7c7f548-aab6-4b94-9912-fa2ecbe523c0?t=1746821322009

In addition to climate hazards, the CVVS highlights electrification as a critical stress factor for
grid reliability. Electrification is the process of replacing technologies that rely on fossil fuels with
those that use electricity as their primary energy source. While electrification is widely regarded
as a fundamental pillar in advancing energy transition and achieving decarbonization goals, it is
noted as a challenge for both load forecasting and reliability planning throughout the CVVS;
partially due to its compounding effect - higher electrification increases load (energy
consumption), which in turn adds further stress to the power system; the impact on the grid may
be further exacerbated during extreme weather conditions.

Because achieving Maine’s ambitious decarbonization goals will partially rely on electrification,
maintaining reliability standards becomes even more critical in this context.! Addressing the
upcoming challenges for grid reliability in Southern Maine will require a holistic strategy that
will require concentrated efforts from the state, public agencies, utilities, the private sector and
ratepayers (as further discussed in the next paragraph - section 1.2). Strengthening grid
infrastructure and boosting system resilience represent just a few of the mitigation strategies
needed to tackle both present and emerging reliability concerns.

Figure 3: CMP priority asset vulnerabilities and operational vulnerabilities

Climate Hazard Priority Vulnerability Asset Vulnerable Operation Group

Extreme Precipitation, Distribution pad mount / underground Assets Management
Inland Flooding, and transformers Workforce Safety
Coastal Flooding Substation Transformers Vegetation Management
Substation Circuit Breakers Reliability Planning
Substation Dynamic Reactive Devices Emergency Management
Substation Control House
Substation Regulators
Extreme Heat Substation Transformers Assets Management
Substation Circuit Breakers Workforce Safety
Substation Regulators Vegetation Management
Reliability Planning
Emergency Management
Facility Ratings
Load Forecasting
Storm Events & Wind Substation Regulators Assets Management
Distribution Line Structures Vegetation Management
Transmission Line Structures Reliability Planning
Emergency Management
Frozen Precipitation and Assets Management
wildfire and drought Vegetation Management
Reliability Planning
Emergency Management

Source: Central Maine Power. (2025). Climate Change Vulnerability Study. Page 7.

1 Central Maine Power. (2025). Climate Change Vulnerability Study. Page 129.
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https://www.cmpco.com/documents/40117/162881638/CMP+Climate+Change+Vulnerability+Study.pdf/c7c7f548-aab6-4b94-9912-fa2ecbe523c0?t=1746821322009

1.2 Overview of mitigation measures

Climate change is expected to influence every aspect of the electricity grid —from generation,
transmission, and distribution, to demand for electricity. For example, more frequent droughts
and changing rainfall patterns may lead to floods with devastating effects on land-bound
infrastructure in some areas, and increasing wildfires may damage transmission lines.2 The
impact of a changing climate on the energy sector could be mitigated in many ways, including
the following?:

e Conserve energy. Lower energy consumption would limit or defer the investment in new fossil-
fired generation resources, thus limiting greenhouse gas emissions in the atmosphere.

Individuals and companies can take many actions to save energy. For example, look
for ENERGY STAR certified products, such as appliances and electronics. Some utility
companies even offer federal tax credits.

o Expand access to clean technologies. The expansion of clean technology resources may lead to
the displacement (retirement) of greenhouse emissions-generating fossil-fired generation resources.

Government and industry leaders can help expand access to renewable energy programs,
such as wind and solar power, so that all communities benefit. This transition will help
reduce the emissions contributing to climate change.

e Modernize infrastructure. Retrofitting aging infrastructure with modern and smart
technologies would facilitate integration of renewable resources and reduce the vulnerability of the
grid to external factors, including weather and cyber attacks.

Utilities and government agencies can update energy infrastructure, such as leak-prone
pipelines and aging power lines. These actions increase resiliency, improve safety, and
protect public health.

o Ensure energy affordability. Affordable enerqy costs reduce financial stress for vulnerable
households, and support public health by facilitating access to safe sources of electricity and heat.

Policymakers, industry leaders, and communities can take steps to improve energy
affordability and ensure all people have a voice in energy planning. They can also ensure
that the benefits from energy investment reach typically underserved communities.

2U.S. Government Accountability office; Electric Grid Resilience: Climate Change Is Expected to Have Far-reaching
Effects and DOE and FERC Should Take Actions; Electricity Grid Resilience: Climate Change Is Expected to
Have Far-reaching Effects and DOE and FERC Should Take Actions | U.S. GAO

3 United States Environmental Protection Agency; Climate Change Impacts on Energy; Climate Change Impacts on
Ener US EPA
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https://www.epa.gov/climate-change/what-you-can-do-about-climate-change-energy
https://www.energystar.gov/products
https://www.energystar.gov/about/federal-tax-credits
https://www.energy.gov/eere/solar/energy-related-federal-financial-assistance-programs
https://www.energy.gov/oe/activities/technology-development/grid-modernization-and-smart-grid
https://www.gao.gov/products/gao-21-346
https://www.gao.gov/products/gao-21-346
https://www.epa.gov/climateimpacts/climate-change-impacts-energy#2foothttps://www.epa.gov/climateimpacts/climate-change-impacts-energy
https://www.epa.gov/climateimpacts/climate-change-impacts-energy#2foothttps://www.epa.gov/climateimpacts/climate-change-impacts-energy

e Make infrastructure local. Localized infrastructure is readily accessible within communities,
which may accelerate response time during an event and, in turn, contribute to enhancing energy
resilience.

Utilities, urban planners, and government agencies can use microgrids. These systems
and other decentralized energy infrastructure help make electricity supplies more
resilient to extreme weather.

In Task 2B, we focus on the third bullet (infrastructure modernization), assess the state of the grid
resilience, and  provide some  recommendations for  improvements.  The
localization/ decentralization of the electricity infrastructure will be discussed in a separate report
(Task 2D).

The Task 2B memo is organized as follows: Section 2 outlines the data requested from the regional
electric utilities and the responses received from them; Section 3 analyzes the provided electric
reliability indices, outage data, and existing resiliency and hardening plans; finally, Section 4
provides a conclusion with key takeaways, a brief explanation of the remaining tasks within Task
2, and the next steps in completing the regional energy resilience assessment report.
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2 Electric Utility Reliability & Resiliency Data
21 Requests for Information

On January 24, 2025, the LEI Team issued Requests for Information (“RFI”) to both CMP* and
KLPD.5 In addition to reliability indices and outage data, information requested included
integrated grid plans, climate resilience planning information, and Distributed Energy Resources
(“DER”) queues, forecasts, and plans®.

2.2 Central Maine Power RFI Response
On February 14, 2025, CMP responded to the RFI, and the response included:

Responses to RFI Questions”

Alfred District Outage Data®

CMP Climate Change Protection Plan?
Avangrid Distribution Resiliency Guide!?

Ll

The LEI Team reviewed these responses and analyzed the data to assess the climate change
resiliency plans. Recommendations were then made on how to increase resiliency further.

2.3 Kennebunk Light & Power RFI Response
KLPD’s response to the RFI included:

1. KLPD System Map*
2. Electric Operating Revenues Report!2
3. KLPD Report in response to RFI'3

4 See RFI 1.24.25 - CMP.xslx.

5See RFI 1.24.25 - KLPD.xslx.

6 “Forecasts and plans” refers to load, DER, EV adoption, heat pump adoption, etc. (i.e., anything that could impact
load flows and load forecasts)

7 See RF11.24.25 - CMP response 2.14.2025.xslx.

8 See Southern Maine Energy Resilience Alfred District Outage data 2022-2024.xlsx. CMP’S service territory is
subdivided into service areas or “districts.” The Alfred service area aligns closely with York County.

9 Central Maine Power. (2023). Climate Change Protection Plan.

10 See AVANGRID_Distribution Resiliency Guide Apr 19 2021-Rev_2 Approved (1).pdf.
11 See KLPD_System_Map_ EmergencyResponse 06 10 2024.pdf.

12 See 2023 Electric COU_AR page 16.pdf.

13 See KLPD for SMPDC report.docx.
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https://www.dropbox.com/scl/fi/4vs2o5hyk55sf9qpsuhb8/RFI-1.24.25-CMP.xlsx?rlkey=pni46a576y3prz1ovvagan7i2&st=xz6h56nb&dl=0
https://www.dropbox.com/scl/fi/arnlji1ghx05q1ojdylxf/RFI-1.24.25-KLPD.xlsx?rlkey=pqyvjya35ylswyh1938a103gz&st=0x79nxw5&dl=0
https://www.dropbox.com/scl/fi/basumufndbcf3z49xpxf8/RFI-1.24.25-CMP-response-2.14.2025.xlsx?rlkey=9k11p5nbmqwmowjhk35o56ppr&st=nt7yp3hf&dl=0
https://www.dropbox.com/scl/fi/oofumweunzybrpy9vbq5c/Southern-Maine-Energy-Resilience-Alfred-District-Outage-data-2022-2024.xlsx?rlkey=6r42c8esuzftfheasyteoh9ku&st=8yb237hq&dl=0
https://www.cmpco.com/documents/40117/126017242/Climate+Change+Protection+Plan.pdf/b065323d-0a58-f02d-47e9-522dde1e916c?t=1714493960288
https://www.dropbox.com/scl/fi/pr3nknrjabp3jcpl8j4sc/AVANGRID_Distribution_Resiliency_Guide_Apr_19_2021-Rev_2_Approved-1.pdf?rlkey=93waez6i8o0mdb2xy3362wmq1&st=aqolgcn4&dl=0
https://www.dropbox.com/scl/fi/5c45immguydvh2gn5hrup/KLPD_System_Map_EmergencyResponse_06_10_2024.pdf?rlkey=9l2e270gy0dbxkow8dhmlsoo7&st=8ajdjqvb&dl=0
https://www.dropbox.com/scl/fi/6t5e2uo6vp2ximg5i327o/2023-Electric_COU_AR-page-16.pdf?rlkey=y7n1sxtxc2sbpl68n5w97jdln&st=gwznuoe6&dl=0
https://www.dropbox.com/scl/fi/fpmluturfxtag8gu91hp4/KLPD-for-SMPDC-report.docx?rlkey=1tt2jdgwjtexc191plet1zf62&st=bb8pmroo&dl=0

3 Analysis of Utility Reliability Data

The LEI Team reviewed and analyzed the information provided by the utilities in the region to
understand the reliability trends, outage causes, and resiliency plans. The results of these analyses
are discussed below.

3.1 CMP Alfred Service Area

Figure 4 below depicts the Alfred Service Area in light green. Note that the unshaded area is
served by Kennebunk Light & Power District.

Figure 4. CMP state and York County (Alfred District) service territory

0 22545 9 135 18

e e
Source: CMP
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The CMP Alfred Service Area covers approximately 31 towns, contains about 43 substations, and
is served by approximately 80 distribution circuits. Per the 2024 data from the U.S. Census
Bureau, there were 220,143 people living in York County.14

3.2 Kennebunk Light and Power District Service Area

Figure 2 below shows the overall KLPD service territory. KLPD covers portions of 4 towns,
including the majority of Kennebunk and small parts of Arundel, Wells, and Lyman, and serves
7,500 customers via 2 substations and 11 distribution circuits.

Figure 5. Kennebunk Light & Power System Map

3.3 Electric Reliability Indices

CMP provided reliability indices for its Alfred Service Area for the years 2019 through 2024,
which can be found in Figure 6, alongside comparative data for the State of Maine and New
England. Typically, reliability is measured in terms of a set of standard reliability indices that are
designed to capture the service performance of a power system during a given period.’> This

14 US Census Bureau, Quick Facts, York County, Maine, July 2024.

15 See IEEE 1366-2001 for detailed descriptions of these indices.
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memo focuses on three reliability metrics that are often used for this purpose, and which are
intended to capture the frequency and duration of system outages. These are:

e SAIFI% - System Average Frequency Index, which measures the average number of
service interruptions per customer, per year;

e SAIDIY - System Average Interruption Duration Index, which measures the average
duration of system outages per total customers, per year; and

e CAIDI'8 - Customer Average Interruption Duration Index, which tracks the average time
it takes for service restoration after an outage.

Figure 6: Comparison of reliability indices (2019-2024)1°

Alfred Service Area Maine New England

SAIFI (times per year) (2019) 0.23 2.5 1.39
SAIFI (times per year) (2020) 0.31 3.9 1.9

SATFI (times per year) (2021) 0.3 2.5 14

SAIFI (times per year) (2022) 0.31 3 1.38
SAIFI (times per year) (2023) 0.28 3.15 1.4

SAITFI (times per year) (2024) 0.29 N/A N/A

Alfred Service Area Maine New England
SAIDI (hours per year) (2019) 0.53 15.14 5.60
SAIDI (hours per year) (2020) 0.62 28.75 17.79
SAIDI (hours per year) (2021) 0.67 5.42 6.07
SAIDI (hours per year) (2022) 0.58 16.06 5.55
SAIDI (hours per year) (2023) 0.51 31.05 8.01
SAIDI (hours per year) (2024) 0.60 N/A N/A
Alfred Service Area Maine New England

CAIDI (hours per interruption) (2019) 2.35 5.99 4.04
CAIDI (hours per interruption) (2020) 1.99 7.44 9.58
CAIDI (hours per interruption) (2021) 2.21 2.18 4.46
CAIDI (hours per interruption) (2022) 1.88 5.35 4.02
CAIDI (hours per interruption) (2023) 1.79 9.37 5.73

CAIDI (hours per interruption) (2024) 2.07 N/A N/A

Source: United States Energy Information Agency, Table 11.3 Reliability Metrics Using Any Method of U.S. Distribution
System by State, 2023 and 2022, 2021 and 2020, 2020 and 2019; SAS Output; Values are inclusive of Major Events.

Total number of customer interruptions

SAIFI = :
16 Total number of customers served
SAIDI = I Customer interruption durations
17 Total number of customers served
E Customer interruption durations
CAIDI = L :
18 Total number of customer interruptions

19 Energy Information Agency, Table 11.3 Reliability Metrics Using Any Method of U.S. Distribution System by State,
2023 and 2022; SAS Output; Numbers are Major Events inclusive
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Observation of the CMP data shows no trend toward either decreasing or increasing values for
Southern Maine. The average duration of customer outages during this 6-year period was 2.05
hours, and the average outage frequency during this period was 0.287 outages per year. As can
be seen above, the Alfred Service Area outperformed Maine overall and the New England region
(Maine, New Hampshire, Vermont, Massachusetts, Rhode Island, Connecticut) in all three
reliability values.

While the Alfred Service Area had better reliability indices than Maine and New England, it is
worth noting that, as a state, Maine has historically performed worse than the New England
region in most criteria.

3.4 Analysis of electric outage data

In addition to the indices described above, CMP also provided additional data consisting of
power outage records for the Alfred Service Area for the years 2022 through 2024. Power outages
are interruptions in the delivery of electricity and may be due to inclement weather, equipment
damage, equipment failure, or even animal interference. Each outage record included a start date,
restoration sequence, duration, customer count, circuit, substation, device, weather, and fault
location. This data included 8,359 event records.20

When power outages are reported, CMP creates an outage record. Part of the outage record is the
weather conditions at the time and location of the outage. Figure 5 below shows the list of weather
descriptions associated with these outage records. Outages recorded during “normal” weather
conditions are considered as “non-weather-related outages” and outages recorded during “non-
normal” weather conditions are referred to as “weather-related outages. Below, we classify
outages per category. For instance, a clear day outage is a non-weather outage, whereas a major
storm outage is a weather-related outage.

20 Please note in that KLPD is not required to track and report detailed outage data, so that service territory
is not included in this section. Some descriptions of outages experienced by KLPD are presented in Section
3.5.2.

London Economics International LLC 13 contact:
717 Atlantic Avenue, Suite 1A Brian Conroy (brian@RLC-eng.com)
Boston, MA 02111 Sayad Moudachirou (sayad@londoneconomics.com)

www.londoneconomics.com



mailto:brian@RLC-eng.com
http://www.londoneconomics.com/

Figure 5. Classification of outages and weather

Weather Description Outage Classification

Clear Non-Weather
Cold Non-Weather
Dry Snow Weather
Freezing Rain Weather
Hot Non-Weather
Lightning and Rain Weather
Lightning, Wind, and Rain |Weather
Major Storm (Blizzard) Weather
Major Storm (Other) Weather
Rain Weather
Wet Snow Weather
Wind and Rain Weather
Windy Weather

Source: CMP.

To understand climate risks to the region’s electric grid, the LEI Team parsed this outage data by
weather-related events and non-weather-related events. Weather descriptions of “clear,” “hot,” and
‘cold” were used to categorize non-weather-related outages. To see detailed data of circuit
outages, please see Appendix A.

3.4.1 Detailed review of outages by Circuit

A distribution circuit’s exposure to damage and outages is related to the number of spans of lines
and equipment connected to that circuit. Longer, rural distribution circuits have more miles of
line exposure than shorter, downtown circuits. In addition, customers connected further from the
substation (the source of the power supply) have a greater chance of experiencing outages when
compared to those connected near the power source due to the greater length of the line from the
power source.

The more miles of overhead power lines, especially those running near trees, the greater the
exposure to external risks—like falling branches. Figure 6 below illustrates this relationship
between circuit overhead line miles and the number of outage incidents. Most transmission and
distribution lines in Southern Maine were built above ground. The lines” vulnerability to external
factors grows with the circuit length, which helps explain the observed linear relationship
between length and number of incidents, regardless of the weather.
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Figure 6. Number of outage incidents versus circuit overhead miles
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Note: The 632D1 circuit serves the towns of Parsonsfield, Limerick, Cornish, Waterboro,

Limington, and Newfield. The 612D2 circuit serves the towns of Acton, Shapleigh, Sanford,
Lebanon, and Parsonsfield.

The comparison of outage data between different circuits shows that outage duration varies
greatly in the region. 7 presents the average duration of outages by circuit during this time period,
mapped onto the towns and cities of York County. Across the region, the data shows that no
circuit had an average weather-related outage duration of less than 8 hours. Circuits in the central
western portion of York County had the longest average outage duration, lasting over a day on
average.

While there may be multiple contributing factors to weather-related outage duration, we
observed that communities with downtown areas and relatively short distribution circuits are on
average, relatively better off.2! Between 2022 and 2024, coastal communities such as York,
Ogunquit, or Biddeford have experienced relatively shorter weather-related outage durations on
average than inland communities such as Limerick, Shapleigh or Lebanon. For example, outage
duration in Ogunquit averaged between 8 and 24 hours over the 2022-2024 period, whereas
outages in Lebanon stretched multiple days on average over the same period.

21 Likely because of factors such as load density - utilities are incentivized by the electricity regulator to restore power
for the largest volume of customer in priority to keep their SAIDI and CAIDI indices as low as possible; the
location of essential service sin coastal area might also be a contributing factor to relatively faster recovery.
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Figure 7. Average duration of outages in Alfred Service Area by town, all weather

Weather Related Outages

CMP Circuits

Average Duration of
Weather Related Outages
Less than 8 Hours
8 to 16 Hours
= 16 to 24 Hours N

= 24 to 32 Hours
e 32 to 40 Hours

Source: York County outage data 2022-2024

Figure 7 and Figure 8 illustrate average outage duration per circuit line. The average outage
duration appears to be randomly distributed in both weather and non-weather events. While
there is no apparent linear relationship between the circuit length and outage duration. While
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some of the longest circuits (612D2 or 695D2) experience outage durations above the regional
average; shorter length circuits such as 657D2 (that serves the town of Sanford) and 695D1 (that
serves the town of Lebanon) experience record outage duration greater than the regional average.

Figure 7. Distribution of average duration of incidents per circuit (2022-2024) -weather events
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Figure 8. Distribution of average duration of incidents per circuit (2022-2024) - non-weather
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Notes: Outages on 668D1 and 684D1 were caused by a falling tree from outside the ROW, and
animal contact, respectively. The origin of 668D1 outage is undetermined. Figure 9 and Figure 10
provide some insights into the circuits most impacted by service interruption. The impact is
measured in terms of customer outage hours (number of hours-of-service interruptions
multiplied by the number of customers losing power). For instance, between 2022 and 2024,
service interruptions resulted in a total of 826 incidents, and 1.3 million customer outage hours
for both Circuit 632D1 (in the towns of Parsonsfield, Limerick, Cornish, Waterboro, Limington,
and Newfield) and Circuit 612D2 (in the towns of Acton, Shapleigh, Sanford, Lebanon, and
Parsonsfield).

While one might think that the vulnerabilities of circuits serving the most customers should be
addressed first, the number of customers (target population) is only one parameter among many
that should be considered in the establishment of priorities. Additional factors, including existing
(or lack thereof) critical facilities, economic dynamism, and social vulnerability, among others,
should also be reviewed. For example, the Town of Parsonsfield is the only community with a
high Maine Social Vulnerability Index? ranking in which the entire community has an average
weather-related outage duration greater than 12 hours per incident.

Figure 9. Distribution of customer outage hours per circuit (2022-2024) - weather-events
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2 Maine Social Vulnerability Index, Updated 2024, web mapper can be accessed at
https:/ /tnc.maps.arcgis.com/apps/mapviewer/index.html?layers=d83237426dcd47acb9{84d073ccd901f.
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Figure 10. Distribution of customer outage hours per circuit (2022-2024) - non-weather events
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3.4.2 Outage leading causes

To further understand the impact of weather on electric grid resiliency, the outage data was
analyzed by cause. When a power outage occurs, a lineman is dispatched to determine the cause,
repair the damage, and restore power. The lineman reports the cause of the outage. Again, the
data was parsed by weather-related events and non-weather-related events. For this analysis, the
number of incidents and the total customer outage hours (number of customers impacted times
the duration of the outage) were summed for each cause. Figure 11 and Figure 12 below list the
outage causes resulting in cumulative customer outage hours. Note that tree-related outages are
highlighted in green.
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Figure 11. Causes of weather-related customer outage incidents (2022-2024)

Weather-Related
# Incidents % Incidents Avg. Duration Cust Hours % Cust Hours

Cause of Incident

Tree (Out of Right of Way) 2,473 73% 168 7,441,457 89%
Tree (In Right of Way) 107 3% 107 300,015 4%
Equipment failure 164 5% 72 128,230 2%
Lightning 124 4% 23 4,915 0%
Animal 83 2% 3 6,058 0%
Overload 21 1% 70 9,757 0%
Operating error 0 0% 0 0 0%
Other 406 12% 124 467,887 6%

m Tree (Out of Right of Way)
= Tree (In Right of Way)
Other
Equipment Failure

= Animal, Overload, Operating
Error, Lightning

oy
‘o

89
Figure 12. Causes of non-weather-related customer outage incidents

Non-Weather-Related
Cause of Incident # Incidents % Incidents Avg. Duration Cust Hours % Cust Hours
Tree (Out of Right of Way) 1,036 23% 2l 169,756 29%
Tree (In Right of Way) 100 2% 11 17,068 3%
Equipment failure 572 13% 56 105,352 19%
Lightning 66 1% 17 13,049 2%
Animal 1,601 36% 8 65,158 12%
Overload 135 3% 11 6,072 1%
Operating error 10 0% 2 5,350 1%
Other 995 23% 37 175,716 32%

m Tree (Out of Right of Way)
29%

m Tree (In Right of Way)
Other

\ - Equipment Failure

®m Animal, Overload,
Operating Error, Lightning

19%

]

Source: CMP

By orders of magnitude, the largest cause of weather-related outages is trees, which made up over
93% of weather-related incidents between 2022 and 2024. Most of these incidents are attributed
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to “trees outside the public right of way (“ROW”)” (89% of total incidents) coming into contact
with overhead conductors. “Trees outside the right of way” are trees and limbs from outside the
trimming clearances allowed to the utility (see Figure 11). The lineman repairing the tree damage
determines whether the tree was from outside right of way based on the broken limb to be cleared
and the damage to the adjacent tree.

Trees outside the ROW were also the leading non-weather-related outage cause and accounted
for 29% of these customer outage hours. Other large contributors were non-utility-related
equipment damage (19%), and animal contact, overload, operating error, and lightning (16%).

3.4.3 Outages by weather conditions

To further assess climate impact on reliability, weather conditions were analyzed to gain insight
into their impact on power outages. The lineman repairing the outage reports the weather
conditions at the scene. Figure 13 below shows the number of incidents and outage hours by
weather conditions. While non-weather events are large in numbers, their impact on consumers
in terms of customer hours and average customer hours per incident is moderate.

In contrast, weather-related events don’t happen as often but have an overwhelmingly higher
impact. In fact, although clear weather events accounted for over half of outage incidents (4,341)
between 2022 and 2024, it only comprised 6% of the total customer outage hours across the 2022-
2024 period. In contrast, wet snow events caused fewer incidents (1,244), but accounted for over
half of the total customer outage hours (4,742,312).

Figure 13. Classification of outages by weather conditions??

Outage Weather Type # Customer Avg Customer

Classification Incidents Hours Hours Per Incident
Weather Wet Snow 1,244 4,742,312 3,812
Weather Wind and Rain 765 1,920,116 2,510
Weather Windy 345 121,398 352
Weather Rain 307 89,836 293
Weather Freezing Rain 271 1,218,019 4,495
Weather Lightning, Wind, and Rain 224 188,888 843
Weather Lightning and Rain 111 15,887 143
Weather Major Storm (Blizzard) 57 42,354 743
Weather Dry Snow 26 14,666 564
Weather Major Storm (Other) 28 4,844 173
Non-Weather Clear 4,341 540,091 124
Non-Weather Cold 47 4,567 97
Non-Weather Hot 30 875 29

Figure 14, Figure 15, and Figure 16 depict how non-weather and weather-related incidents differ
in numbers and impact, for each year (2022, 2023 and 2024). In each figure, the lefthand chart
shows the seasonal trend in non-weather related power outages while the righthand chart shows
weather-related outages. Non-weather related outages appear to follow a consistent seasonal

2 The lineman repairing the outage reports the weather conditions at the scene. The conditions of clear, cold, and hot
were assumed to be non-weather-related as they did not involve wind, lightning, or precipitation.
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pattern with the most incidents in the summer and fall and the fewest in the winter. Weather-
related outage impacts are primarily driven by discrete storms and weather events. These graphs
illustrate how discrete weather events, in particular winter storms, cause the greatest and most
widespread power outages that impact large parts of the southern Maine electrical grid.

Figure 14: Monthly service interruptions (non-weather and weather-related) in 2022
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In December of 2022, there was a powerful winter storm that devastated parts of southern Maine, which is the spike
in the righthand graph of Figure 14.24

Figure 15: Monthly service interruptions (non-weather and weather-related) in 2023

Total incidents and outage hours per month Total incidents and outage hours per month
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A severe winter storm and a major rain and windstorm were recorded in January and December 2023, respectively,
causing a spike in outage hours in both instances.?> The smaller, but still significant outages in March 2023, were
caused by a Nor’easter.26

2 Bousquet, Carol. Disaster declaration considered for southern Maine after storm. Maine Public. December 28, 2022.

25 Bridges, Christian. 1-2-3 Punch: 34 winter storm in 6 days to bring even more snow to Maine. WGME. January 24th, 2023;
Gratz, Irwin. For many Mainers, power restoration may not come until the end of the week. Maine Public. December
20, 2023.

26 Nappi, Jason. March nor’easter to dump heavy snow on Mainers. News Center Maine. March 12, 2023.
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Figure 16: Monthly service interruptions (non-weather and weather-related) in 2024
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The spikes in March and April of 2024 were caused by an ice storm in late March, followed by an April nor’easter.?”

3.5 Resiliency and Hardening Plans
3.5.1 Avangrid Distribution Resiliency Guide

The LEI team also reviewed the Avangrid Distribution Resiliency Guide to assess efforts towards
hardening the distribution grid. Resiliency hardening items addressed in this guide include:

Stronger (higher diameter) distribution poles,

More extensive use of tree wire,

Elimination of the smallest diameter guy wire (5/16”),

Stronger, fiberglass cross-arms on dead-end structures, and

External overcurrent protection on new installations of overhead transformers

See Figure 1728 below which shows some of this equipment mounted on a utility pole.

27 Santom, Emily. Maine weather in 2024: Record floods, ice storms, and a spectacular total solar eclipse. WGME. January 6th,
2025.

28 Source: AEP, Public Safety, Common Equipment on an Electric Distribution Pole
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Figure 17: Utility pole with typical equipment
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Source: AEP, Public Safety, Common Equipment on an Electric Distribution Pole

Each of these items will contribute to increased distribution hardening and resiliency. CMP is
also performing enhanced vegetation management with ground-to-sky (“GTS”) trim? as
indicated in Figure 18 below. CMP started GTS trimming on 3-phase circuits in 2024, with the
plan of doing 173 miles per year as a program. Also in 2024, any time a 3-phase pole was changed
out on capital work, they trimmed to the GTS standard. This improves resiliency to tree limbs

29 See CMP 2023-2026 Resiliency Plan, MPUC Docket 2022-00152, Exhibit CIP-5.
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within the ROW. However, it doesn’t address the resilience of infrastructure to tree limbs outside
the ROW, to which CMP attributes 89% of the weather-related power outages.

Figure 18: Comparison of standard and enhanced trimming clearances

Standard Clearance Enhanced “Ground-to-Sky" Clearance

‘ilf'

3.5.2 KLPD Resiliency Report

KLPD noted multiple current and planned initiatives contributing to reliability, resiliency and
hardening, including;:

e A robust tree-trimming program that clears the ROW throughout the system on a 4-year
cycle

e A plan to replace their 34.5kV substation, including circuit ties and automation

e implementation of a new Advanced Metering Infrastructure (“AMI”) system expected to
be completed in 2025

e Purchasing an enterprise resource planning (“ERP”) platform that will include a Meter
Data Management System and an Open Metering System (“OMS”)

e Reclosers, larger poles, fault sensors, communication equipment, fiber optic cable, and
circuit ties enabling the sectionalization of multiple areas

e Anupdated Climate Action Plan

In March and April 2024, two storms caused widespread damage to the KLPD system, resulting
in over 96 outage hours across the two events, and affecting thousands of KLPD customers. The
damage was caused by winds, snow, and freezing rain. The April 2024 storm qualified for a
disaster declaration, so KLPD is working with FEMA on funding for repairs and mitigation. Five
circuits were damaged during the storm, and one mitigation project has been developed thus far.
KLPD is working on mitigation plans for the remaining 4 circuits.
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4 Conclusion

The objective of Task 2B was to produce a technical report that analyzes grid reliability in the
region using the data provided by the region’s electricity utilities. There are several key
takeaways that the LEI Team wishes to highlight:

Trees are by far the biggest contributor to power outages. Overall, trees caused over 92%
of the total weather-related outages in the Alfred Service area, with 89% of those impacts
coming from outside the utility’s ROW. Maine’s shifting climate is likely to increase the
exposure of the region’s electrical infrastructure to tree damage. Additional investigations
should be conducted to identify which current practices could be improved upon, which
new strategies or best practices could be put in place to mitigate the impact of trees. We
provide in section 4.1 a list of recommendations for the utilities to mitigate the impact of
trees.

Longer transmission and distribution lines designed to serve sparsely populated areas are
relatively more vulnerable to outage events, mainly because of a greater exposure of
overhead lines and equipment that stretches miles.

o The 632D1 and 612D2 circuits within the Alfred Service Area were identified as
the most vulnerable to service interruptions. These circuits stretch 185 and 161
miles, respectively. The towns connected to the circuits include Parsonsfield,
Limerick, Cornish, Waterboro, Limington, and Newfield for 632D1 and Acton,
Shapleigh, Sanford, Lebanon, and Parsonsfield for 612D2.

Outage duration varies a great deal across circuits. Many factors can contribute to the
average duration of service interruption; we recommend that additional studies be carried
out to identify key causes affecting circuits exhibiting the longest duration.

o Circuits 657D2 (serving the town of Sanford), 695D1 (serving the town of Lebanon),
695D2 (serving the towns of Lebanon, North Berwick, Sanford, Berwick), and
612D2 (serving the towns of Acton, Shapleigh, Sanford, Parsonsfield, and Lebanon)
are among the ones experiencing the longest outage duration on average.

o No circuit in the region experienced weather-related outage duration of less than
8 hours from 2022 - 2024, on average. In more developed areas, 8 hours could serve
as a minimum average outage duration for business, resident, and emergency
planning purposes. In more rural areas, preparations should be made for outages
lasting for a day or more.

o While information on circuit vulnerability, outage duration, and number of
customers provides some useful insights on potential areas of focus, before
formulating a list of priorities, additional factors such as economic activities, social
vulnerability, locations of critical infrastructures, and feedback from impacted
communities should be considered.

London Economics International LLC 26 contact:
717 Atlantic Avenue, Suite 1A Brian Conroy (brian@RLC-eng.com)
Boston, MA 02111 Sayad Moudachirou (sayad@londoneconomics.com)

www.londoneconomics.com



mailto:brian@RLC-eng.com
http://www.londoneconomics.com/

¢ The majority of weather-related outages occur due to discrete storm events that impact
the entire region. These storms bring wind and rain, wet snow, and freezing rain that can
cause trees to fall on grid infrastructure, or damage it directly.

o This means that outages might overlap with times when transportation
infrastructure, emergency services, and other critical services are strained, which
in turn could impact utility’s response times.

¢ Climate change will exacerbate current grid challenges and introduce new ones.

o Increases in the frequency and intensity of extreme storm events will make
weather-related power outages more likely.

o While weather-related power outages in the summer are currently uncommon in
southern Maine, extreme heat may impose a new threat to substation
infrastructure. This could lead to prolonged power outages during hot weather
that southern Maine communities may not be prepared to manage.

o Several substations and circuits in the Alfred district will be vulnerable to inland
and coastal flooding without proactive adaptation measures.

4.1 Recommendations to mitigate trees’ impact

Given that most customer outages are caused by tree contact, our recommendations focus on
steps that would harden the system to be more resilient to this impact. In addition, efforts to
more aggressively trim, remove, or otherwise manage trees that risk outages should be pursued.

e Continue to focus on circuits with the highest customer outage impact.

e Install stronger poles, guy wires, and cross-arms for all new, rebuilt, and replaced
structures in all treed areas.

e Add Supervisory Control and Data Acquisition (SCADA) to all three-phase reclosers and
to single-phase reclosers with 100-Amp or higher pick-up settings® as this provides real-

time situational awareness associated with outages.

e Add reclosers to circuits, where coordination allows, to limit outages to smaller zones.
The smaller the protection zone, the fewer customers impacted by an event.

¢ Implement an Outage Management System if and when possible.

30 The recloser pick-up settings are related to the amount of load served and the miles of line protected by the recloser.
Single-phase reclosers with 100-Amp settings serve longer feeder branches and with more customer load than
those with lower pick-up settings.
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e Plan circuit ties and loop automation where possible.

e Develop targeted microgrids on high outage frequency circuits where critical facilities are
located).

Harden the grid against tree-caused outages:

e Standardize the use of spacer cable for all new, rebuilt, and re-conductored three-phase
construction, as this is the most tree-resilient construction for overhead lines. It also places
the nearest conductor furthest from the edge of the public ROW, resulting in greater
available tree clearance. Due to the spacers, this will also eliminate the wires-crossed
outages for these line segments.

e Standardize the use of tree wire on all new, rebuilt, and re-conductored single- and two-
phase construction.

e Standardize on ground-to-sky clearing for all trim sections.

¢ Expand vegetation management programs efforts to eliminate danger trees and branches
from outside the public ROW.

e For squirrel contacts, install wildlife protectors on all bushings and lightning arresters.
Figure 19 below shows a typical medium voltage recloser with wildlife protectors
installed on the bushings.

Figure 19: Typical wildlife protector installation
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5 Appendix A - Outage statistics per circuit

Figure 20. Circuit outages

Weather-Related
Average Duration Customer Hours # of Incidents

Non-Weather-Related
Average Duration CustomerHours

Circuit Length OH(miles) # of Incidents

632D1 185.94 225 23.19 701,060 203 1.92 29,879
612D2 161.59 207 28.69 534,294 191 2.33 29,254
632D2 107.64 99 30.73 379,626 114 1.92 21,369
605D1 115.29 97 24.02 374,236 135 1.91 35,676
695D2 122.41 131 32.53 333,179 97 1.92 5,696
661D2 71.58 77 19.19 283,884 107 1.62 13,993
629D3 71.22 56 17.43 248,562 96 1.68 23,087
663D2 62.62 110 16.96 238,164 130 2.05 17,618
667D2 61.83 91 25.29 235,088 76 1.60 13,517
661D1 82.19 142 2213 232,912 91 2.14 20,986
692D1 162.71 131 23.05 216,567 182 2.63 30,527
671D1 75.25 78 25.53 206,541 106 2.33 21,277
667D1 89.29 75 18.24 179,667 136 1.30 12,542
695D1 40.58 43 33.33 174,956 49 2.37 6,578
678D1 76.08 52 16.44 169,093 75 1.76 3,886
676D1 61.14 73 12.72 162,615 130 1.96 10,871
621D2 4213 44 9.24 148,995 70 1.51 6,740
638D1 85.33 71 23.85 145,624 89 1.73 13,352
681D1 29.92 27 26.17 142,152 48 1.58 2,078
610D1 51.58 31 24.48 140,398 55 1.89 2,021
633D1 80.49 80 22.01 131,961 83 2.26 7,047
671D2 95.15 71 23.95 130,860 103 2.62 8,817
603D3 45.81 61 23.01 120,618 70 1.43 6,568
685D1 38.29 59 10.26 109,979 99 2.27 10,563
641D3 21.65 20 13.39 108,383 34 2.14 1,527
689D1 47.52 52 16.49 105,257 63 2.28 8,172
603D2 26.69 33 13.51 104,302 33 2.02 4,350
685D2 29.74 38 12.14 102,467 69 1.81 9,729
634D4 34.23 39 11.70 100,132 47 1.44 5,635
602D3 54.07 82 22.23 96,109 58 1.56 3,054
629D2 27.94 49 25.59 94,035 60 2.10 7,082
688D2 46.07 49 19.62 93,683 96 2.19 4,801
626D5 32.60 36 22.62 93,131 86 1.63 8,088
687D1 64.98 74 13.82 89,299 80 2.02 11,295
638D2 35.34 25 17.98 85,231 42 2.32 8,082
657D3 48.04 63 28.63 84,649 56 1.73 4,673
629D1 29.07 36 17.06 82,263 77 2.02 4,559
640D3 21.83 37 21.28 80,766 45 1.71 1,431
656D2 38.75 49 14.53 77,570 51 1.44 10,744
634D1 27.51 28 18.18 70,540 35 1.83 1,343
681D3 27.71 18 18.58 68,758 66 2.30 12,919
617D2 19.01 13 27.75 68,634 29 1.87 1,086
SEC96 - 16 31.54 68,233 12 1.61 282
621D1 30.57 35 18.98 62,508 34 2.24 3,693
602D2 31.88 38 19.54 61,646 41 2.26 8,517
688D1 34.82 43 12.15 61,629 75 1.96 3,425
640D2 32.55 28 10.65 60,075 59 2.09 3,989
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Circuit Length OH(miles)

# of Incidents

Weather-Related
Average Duration Customer Hours # of Incidents

Non-Weather-Related

Average Duration CustomerHours

634D3 54,734

676D2 28.20 22 20.85 52,816 60 2.04 5,929
626D1 22.41 15 27.38 52,178 28 1.65 1,244
641D1 12.11 18 24.84 47,632 39 2.29 1,589
641D4 23.43 18 18.12 47,283 50 1.59 6,287
691D1 18.60 20 19.56 46,256 13 2.02 8,661
641D2 6.53 9 12.94 41,970 22 1.72 598
634D2 13.18 10 8.22 32,183 25 1.91 1,481
673D1 19.31 20 18.06 31,300 17 1.26 1,346
640D1 25.72 26 22.10 30,980 57 2.08 4,463
656D3 7.56 7 14.06 29,547 10 1.48 749
630D1 16.38 16 20.18 29,321 42 1.90 2,804
657D4 12.19 15 23.73 28,774 30 1.38 1,783
677D1 15.88 18 11.16 28,682 59 1.71 4,230
673D3 16.17 26 13.19 28,233 23 1.49 716
612D1 11.75 16 23.90 27,973 18 1.32 1,660
101D1 9.87 10 29.45 14,940 11 1.91 1,515
657D2 6.95 3 36.17 11,810 13 1.33 1,177
623D1 - 1 25.33 10,108 2 2.06 1,112
663D1 4.58 3 8.68 8,904 11 1.23 3,861
Unknoy - 1 3.32 6,925 1 1.57 501
660D1 - 3 13.15 6,760 - -
104D1 2.74 10 17.40 5,819 7 1.82 433
621D4 2.99 5 21.27 4,838 4 2.26 1,111
603D1 - 2 21.96 4,339 - -
630D2 9.58 1 23.77 3,351 - -
677D2 418 3 12.59 3,174 4 1.80 576
102D1 0.46 8 16.31 2,718 - -
656D1 2.55 3 17.99 1,472 2 0.77 31
678D2 0.26 1 4.47 1,465 - -
673D2 2.29 2 1.68 1,334 6 2.75 1,032
667D3 1.96 4 9.42 153 1 0.62 60
107D1 0.20 2 2.12 8 - -
605D2 - 1 4.27 4 4 1.38 253
450D2 - - - - 1 0.72 11
476D1 - - - - 1 6.02 66
610D2 - - - - 1 1.30 35
621D3 1.15 - - - 3 1.87 847
630D3 0.56 - - - 1 0.78 1
630D4 - - - - 1 - 1
636D2 - - - - 1 - 10
639D1 - - - - 1 1.73 23
668D1 - - - - 1 4.02 2,695
668D2 - - - - 1 1.38 48
681D2 5.19 - - - 1 2.67 19
682D1 - - - - 1 1.00 6
684D1 - - - - 1 4.35 218
876D1 - - - - - 113
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