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 Introduction

 Methodology and Input Assumptions

 2026 Near-term Nova Scotia System Reliability Risk

 2026 Resource Winter Effective Load Carrying Capability (ELCC) Results

• Standalone solar, storage (4-hr, 8-hr, 12-hr), onshore wind, offshore wind, demand response

• Combined renewable and energy-limited resource ELCC surfaces

 2026 Summer Resource Adequacy Analysis

Agenda
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Resource Adequacy for 
the Energy Transition 
(E3 whitepaper, 2025)

 Founded in 1989, E3 is a leading energy consultancy with offices in San 
Francisco, Boston, New York, Denver, and Calgary

 E3 works extensively with utilities, developers, government agencies, 
and environmental groups to inform strategy and key decisions

 Our experts lead rigorous technical analyses, develop innovative 
methods to study new problems, and provide critical thought leadership 
to the industry

 E3 is an industry leader in studying the resource adequacy needs in the 
transition to a decarbonized grid

About E3

Toward a Future Ready 
Resource Adequacy 

Framework
(Prepared for New 

Brunswick Power, 2025)

Capacity and Reliability 
Planning in the Era of 

Decarbonization
(E3 whitepaper, 2020)

https://www.ethree.com/wp-content/uploads/2025/08/E3_Critical-Periods-Reliability-Framework_White-Paper.pdf
https://www.ethree.com/wp-content/uploads/2025/08/E3_Critical-Periods-Reliability-Framework_White-Paper.pdf
https://www.ethree.com/wp-content/uploads/2019/06/E3_Long_Run_Resource_Adequacy_CA_Deep-Decarbonization_Final.pdf
https://www.ethree.com/wp-content/uploads/2019/06/E3_Long_Run_Resource_Adequacy_CA_Deep-Decarbonization_Final.pdf
https://www.ethree.com/wp-content/uploads/2019/06/E3_Long_Run_Resource_Adequacy_CA_Deep-Decarbonization_Final.pdf
https://www.ethree.com/wp-content/uploads/2020/08/E3-Practical-Application-of-ELCC.pdf
https://www.ethree.com/wp-content/uploads/2020/08/E3-Practical-Application-of-ELCC.pdf
https://www.ethree.com/wp-content/uploads/2020/08/E3-Practical-Application-of-ELCC.pdf
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E3’s Experience Performing Resource Adequacy Studies

LADWP

Portland General Electric

Northwestern 

Energy

Florida Power & Light

Xcel 

Energy

El Paso Electric

NVE

Sacramento Municipal 

Utilities District OPPD

Nova 

Scotia 

Power

New Brunswick 

Power

NYISO
PJM

CAISO

SRP

LES

PUCT

Black Hills 

Energy

Oregon PUC

Puget Sound Energy

NYSERDA

Hawaiian Electric 

Company

MISO

ISO-NE

PNM
Duke

Dominion

Santee 

Cooper

 E3 has performed resource adequacy studies 
and advised entities on resource adequacy 
across North America

 E3 has developed a proprietary loss of load 
probability model, RECAP, to perform 
resource adequacy studies

 E3 has performed resource adequacy studies 
across New England and Maritime Canada, 
including for New Brunswick Power and Nova 
Scotia Power’s 2019 ELCC study

Areas where E3 has provided direct support to utilities, market operators, 

and/or state agencies to perform RA modeling or develop RA frameworks

Areas where E3 has worked with other clients to examine issues related 

to resource adequacy

Manitoba

Hydro

Xcel

Energy



Study Purpose 
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 Resource adequacy is one aspect of a utility’s 
mission to plan and operate a reliable system

• A measure of the ability of a portfolio of generation 
resources to meet load across a wide range of system 
conditions, accounting for supply & demand variability

 No system is planned to achieve perfect level of 
adequacy

• The most common standard used throughout North 
America is a “one-day-in-ten-year” reliability standard

What is Resource Adequacy?

Increasing Risk of 
Loss of Load

Loss of Load Event
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NERC Definition of Resource Adequacy:
“The ability of the electric system to supply the aggregate 
electrical demand and energy requirements of the end-use 
customers at all times, taking into account scheduled and 
reasonably expected unscheduled outages of system 
elements.”

Source: NERC Glossary of Terms

MW

Hour of Day

https://www.nerc.com/files/glossary_of_terms.pdf
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Resource Adequacy is Increasing in Complexity – and Importance

 Planning for reliability is increasing in complexity and 
importance

 Transition towards renewables and storage introduces 
new sources of complexity in resource adequacy planning

• The concept of planning exclusively for “peak” demand is quickly 
becoming obsolete

• Frameworks for resource adequacy must be modernized to 
consider conditions across all hours of the year – as underscored 
by California’s rotating outages during August 2020 “net peak” 
period and Texas’s Winter Freeze in 2021

 Reliable electricity supply is essential to our day-to-day 
lives at home and at work and will become increasingly 
important

• Economy-wide decarbonization goals will drive electrification of 
transportation and buildings, making the electric industry the 
keystone of future energy economy

Graph source: https://twitter.com/bcshaffer/status/1364635609214586882

Graph source: http://www.caiso.com/Documents/Final-Root-Cause-Analysis-Mid-August-2020-Extreme-Heat-Wave.pdf

https://twitter.com/bcshaffer/status/1364635609214586882
http://www.caiso.com/Documents/Final-Root-Cause-Analysis-Mid-August-2020-Extreme-Heat-Wave.pdf
http://www.caiso.com/Documents/Final-Root-Cause-Analysis-Mid-August-2020-Extreme-Heat-Wave.pdf
http://www.caiso.com/Documents/Final-Root-Cause-Analysis-Mid-August-2020-Extreme-Heat-Wave.pdf
http://www.caiso.com/Documents/Final-Root-Cause-Analysis-Mid-August-2020-Extreme-Heat-Wave.pdf
http://www.caiso.com/Documents/Final-Root-Cause-Analysis-Mid-August-2020-Extreme-Heat-Wave.pdf
http://www.caiso.com/Documents/Final-Root-Cause-Analysis-Mid-August-2020-Extreme-Heat-Wave.pdf
http://www.caiso.com/Documents/Final-Root-Cause-Analysis-Mid-August-2020-Extreme-Heat-Wave.pdf
http://www.caiso.com/Documents/Final-Root-Cause-Analysis-Mid-August-2020-Extreme-Heat-Wave.pdf
http://www.caiso.com/Documents/Final-Root-Cause-Analysis-Mid-August-2020-Extreme-Heat-Wave.pdf
http://www.caiso.com/Documents/Final-Root-Cause-Analysis-Mid-August-2020-Extreme-Heat-Wave.pdf
http://www.caiso.com/Documents/Final-Root-Cause-Analysis-Mid-August-2020-Extreme-Heat-Wave.pdf
http://www.caiso.com/Documents/Final-Root-Cause-Analysis-Mid-August-2020-Extreme-Heat-Wave.pdf
http://www.caiso.com/Documents/Final-Root-Cause-Analysis-Mid-August-2020-Extreme-Heat-Wave.pdf
http://www.caiso.com/Documents/Final-Root-Cause-Analysis-Mid-August-2020-Extreme-Heat-Wave.pdf
http://www.caiso.com/Documents/Final-Root-Cause-Analysis-Mid-August-2020-Extreme-Heat-Wave.pdf
http://www.caiso.com/Documents/Final-Root-Cause-Analysis-Mid-August-2020-Extreme-Heat-Wave.pdf
http://www.caiso.com/Documents/Final-Root-Cause-Analysis-Mid-August-2020-Extreme-Heat-Wave.pdf
http://www.caiso.com/Documents/Final-Root-Cause-Analysis-Mid-August-2020-Extreme-Heat-Wave.pdf
http://www.caiso.com/Documents/Final-Root-Cause-Analysis-Mid-August-2020-Extreme-Heat-Wave.pdf
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 Renewables and storage penetration will continue 
to grow, driven by deep-decarbonization goals and 
economics

 Accurately measuring the effective capacity 
contribution of these resources with an Effective 
Load Carrying Capability (ELCC) is important to 
maintain reliability

 ELCC: 

• Captures capacity contribution across a broad range of 
system conditions 

• Robustly accounts for saturation effects and interactive 
effects between resources 

• Allows system to function efficiently and effectively even 
as it transitions away from reliance on firm resources 

Accurately Accounting for Resources’ Reliability Contribution is 
Necessary to Ensure Reliable Electric Service

ELCC measures a resource’s contribution to the system’s needs relative to 
perfect capacity, accounting for its limitations and constraints

Marginal Effective Load Carrying Capability
(%)
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Perfect Capacity

Saturation effect with increasing penetration Interactive effect
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Measures a resource’s contribution to 

reliability needs relative to target reliability, 

accounting for performance across all hours

Key Steps for a Robust Reliability Planning Framework

Factors that impact the amount of effective 

capacity needed include load & weather 

variability, operating reserve needs

LOLP modeling evaluates resource adequacy 

across all hours of the year under a broad 

range of weather conditions

Develop a robust dataset of the loads 

and resources, typically in a loss of 

load probability (LOLP) model

Identify the Total Reliability Need to 

achieve the desired level of reliability

1 year

x1000Load

Solar

Wind

Calculate resource capacity 

contributions

The total reliability need is calculated to meet a 

target reliability standard (e.g. 0.1 LOLE)

Resource accreditation determines how much 

each resource counts towards the total 

reliability need

Robust probabilistic models + datasets are the 

foundation of any resource adequacy analysis

Part 1: Model + Data Development Part 2: Need Determination Part 3: Resource Accreditation
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Weather Variability

MW

Operating Reserves

Generator Outages
MWs needed 

above load to 

be reliable
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Resources Needed 

to meet total need

MWs needed 

above load to 

be reliable
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ELCCs Calculated for a Range of 
Intermittent and Energy-Limited 

Resources

 IESO Nova Scotia and Nova Scotia Power retained E3 to conduct a study to 
calculate 2026 ELCC values for use in the development of IESO Nova 
Scotia’s upcoming IRP

• Study results enable a more accurate accounting of candidate resources' reliability 
contribution to Nova Scotia system, supporting the development of a cost-effective 
and reliable resource portfolio in IRPs

 This study provides an update to E3’s previous ELCC study for NSP in 2019 
to reflect evolving grid challenges

• This study does not update the planning reserve margin for the Nova Scotia system

Study Purpose

Behind-the-Meter & 
Utility Scale Solar

Land-Based & 
Offshore Wind

Critical Peak Pricing 
& E1 DR Programs

4-, 8-, & 12- 
Hour Storage

Key Updates to 2019 Study Include:

1. Updated near-term load outlook

2. Recent additions to existing resource portfolio

3. Evaluation of ELCCs for new technologies (e.g., offshore wind)

4. Additional granularity in ELCC quantification to better capture dynamic 
of saturation effects across multiple resources

5. Quantification of resource summer capacity value



Methodology and Input Assumptions
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Using E3’s RECAP Model for Resource Accreditation 

 E3’s Renewable Energy Capacity 
Planning (RECAP) model uses 
probabilistic methods to consider 
system reliability across a wide 
range of load and weather 
conditions

 Monte Carlo simulations consider 
system operations across a range 
of conditions

• Broad range of loads & renewables

• Randomly simulated plant outages

• Dispatch of use-limited resources

 Model results include:

• Loss of load expectation (LOLE) and 
other reliability statistics

• PRM requirements 

• ELCCs of different resources

Monte Carlo simulation of loads, 
renewable profiles, and generator 

outages used to simulate 1,000 years of 
plausible system conditions

System reliability measured relative to “one day in ten year” 
standard; periods of high loss of load probability identified

Effective load carrying capability (ELCC) for a wide range of 
resource types

1 year

x1000Load

Firm Resources (with outages)

Solar

Wind

Illustrative ELCC Values Across Technologies

100%
ELCC

0%

Storage
Wind Solar 4-hr 24-hr Hydro DR Thermal
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 Highest risk days for loss of load in winter peaking systems 
are periods with low renewable generation and high load 

• A sufficient number of such events must appear in the simulation 
input data to correctly evaluate low probability events present in 
“1-in-10” conditions

• The same end use electric demands will create different peak 
impacts under different conditions 

 To assess Nova Scotia’s resource adequacy, E3 simulated 
how 2026 load would vary under different weather 
conditions, using data on correlations between load and 
weather, and  an extended period of weather conditions  
(1970-2024) 

• E.g. ‘2004’ represents if 2004 weather had occurred with end use 
electric demands that were similar to 2026 

• A machine learning model captures the temperature dependence 
of Nova Scotia’s present electricity load across end uses

Simulating the System Over Wide Range of Weather Conditions is 
Important to Capturing Range of Potential System Risks 

Load Variability, 2026 Analysis
Difference between Median Year, 55 
Simulated Weather Years

-400 -200 0 200 400
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201 2
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200 6
201 9
200 1
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200 7
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202 0
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197 1
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200 4

Difference to Median Year Peak (MW)

“1-in-10” year 

Median weather year
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A Temporal Library of Load & Renewable Profiles

Weather 1970 2024

Onshore 
Wind

Solar 2018 

2007 2023

Input Years/Weather Conditions CapturedProfile NotesPrimary Source(s)

ERA5 Land
Historical Weather Data

NSP 
Hourly Historical Load

NSP 
Hourly Historical Wind

CanWEA
Representative Hourly Profile

2019 2024Loads

Offshore 
Wind

Net Zero Atlantic
Representative Hourly Profile

2018 

• Neural network regression used to back-cast hourly load 
patterns under broad range of weather conditions using recent 
historical load data (2019-2024) and long-term weather data 
(1970-2024)

• Historical shape scaled to match future forecasts of regional 
energy demand

• Shapes for load modifiers (e.g., transportation electrification) 
layered on top of neural network results

• Historical generation profiles for existing wind resources 
provided by NSP

• Profiles for planned / new wind resources based on nearby 
existing projects, scaled to 40% annual capacity factor

• Profiles for offshore wind resources are limited; one year of 
simulated data is available from recent Net Zero Atlantic study

• Profiles for representative solar resources sourced from 
prior E3 work in Atlantic provinces, simulated with CanWEA

Data availability is key limitation for offshore wind 
ELCC; having only one weather year of data limits 
our ability  to capture performance under extreme 
conditions and correlation with onshore wind

Note: Onshore and offshore 
wind data is drawn from 
different sources

RECAP’s endogenous day-matching algorithm 
extends shorter samples of wind and solar 
data to cover full historical period while 
preserving underlying correlations with load
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NSP’s load forecast projects moderate 
growth in both energy as well as coincident 
peak

 Growth in both energy and peak is driven 
partially by growth in base electricity 
demand (incl. heating) and partially from 
growth attributable to transportation 
electrification

 Values include the impact of behind-the-
meter solar and hybrid electrification on 
peak and energy

Nova Scotia 2026 Load Forecast

Nova Scotia Energy Forecast, GWh

2026 Total load forecast: 
10,662 GWh
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 The RECAP model is focused on 2026, so E3 
developed an hourly load shape 

 For each load component, an hourly profile for 
multiple weather years is developed to capture 
potential weather variability 

 Hourly load shapes are derived by extending 
recent historical load using E3’s Neural 
Network model, which infers load demands 
across “weather years” between 1970 and 
2024

• Heating electrification load is held constant at 
present levels, and is based on current observed 
hourly demands  

• Electric vehicle forecast is based on current levels 
and recent trends;  light-duty vehicles (LDVs) load 
shapes are modeled assuming that 70% of charging 
is managed and 30% is unmanaged. 

Each load component has an hourly profile, spanning across 
weather conditions from 1970-2024
Base Load (2026 Conditions)

Electric Vehicles (2026)

Modeled EV 
load remains 
small in 2026
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Nova Scotia’s Existing and Planned 2026 Resources

Nova Scotia Resource Capacity by Type, MW
Include all existing and planned resources that are expected to 
be interconnected by end of 2026 Resource Type

2026  Existing and 
Planned Capacity* 

(MW)

Coal 1,237

Oil 231

Natural Gas 509

Biomass 88

Hydro 374

Onshore Wind 1,176

Solar 30

Battery Storage 150

Demand Response** 19

Imports (ML) 152

Total 3,956

* Capacity showed in the table as max of (installed capacity, winter capacity); seasonal derating is reflected inside RECAP simulation
** Demand Response only includes call-based dispatchable programs (NSP TVP CPP, E1 Eco Shift, E1 Smart Synergy); more on this described on the next slide
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2020 2026

Imports (ML)

Demand Response

Battery Storage

Solar

Wind

Hydro
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Coal

+580 MW wind 
relative to 2019 study

+150 MW storage 
relative to 2019 study

Portfolio 
modeled in 
2019 study
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Demand Response Program Characteristics

Program Description Available Time Call limits
Call 

duration
Target Capacity 

in 2026 (MW)

NSP Time-Varying Pricing 
Program: Critical Peak Pricing
(TVP CPP)

A tariff program where customers 
will be notified with a signal to 

reduce electricity usage when a 
Critical Peak Event is scheduled

Nov – Mar; 
6:00 AM – 11:00 

PM

18 calls per year
(no more than 3 calls 

on weekend)
4 hours 3.65

E1 Residential DR:
Eco Shift

A direct load control (DLC) 
program with different measure 

offerings and pathways (e.g., 
thermostats, batteries)

Dec – Feb; 
7-11 AM or 5-9 

PM

12 calls per year; 
4 calls per month; 

3 calls per week
(no calls on 
weekends)

4 hours 3.85

E1 Business,
Non-profit and Institutional DR:
Smart Synergy
(E1 BNI)

A a voluntary demand response 
program where BNI participants 

take actions to curtail during 
scheduled demand response 

events

Dec – Feb; 
7-11 AM or 5-9 

PM

12 calls per year; 
4 calls per month; 

3 calls per week
(no calls on weekends)

4 hours 11.5

NSP Time-Varying Pricing 
Program: Time-of-Use
(TVP TOU)

A Time-of-Use Rate program that 
reduce load through customer 
response to price signals; no 

calls or events

Nov – Mar;
7-11 AM or 5-9 

PM as peak 
periods

- - 0.8
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 E3 obtained historical generation profiles for all existing wind projects from Nova Scotia Power

 Profiles for planned wind additions expected by the end of 2026 are based on nearby existing projects 
and scaled to a 40% annual capacity factor

Onshore Wind Profile Captures a Wide Range of Generation 
Pattern Observed in Historical Records

Month-Hour Average Generation Profile for Existing and Planned Wind Projects (%)

Planned Wind (565 MW, 2026)
Average Winter Capacity Factor: 47%

Existing Wind (611 MW)
Average Winter Capacity Factor: 40%

Existing and Planned Wind (1176 MW)
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New wind resources are more 
efficient, so existing wind profiles 
were scaled up to account for the 
higher average capacity factor of 

planned wind
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 E3 coordinated with Stantec to use the 2018 offshore 
wind profiles developed for the 2023 Net Zero Atlantic 
Study in this analysis

 While one single year of data is not ideal to capture 
offshore wind performance during a variety of weather 
conditions (especially wind drought events), this reflects 
the best available data for this relatively new technology

 E3 modeled candidate OSW at Sydney Bight and Middle 
Bank as two top sites for the province to develop OSW

• These profiles have very high average capacity factors and with 
some hours with low generation

• Profiles show cutout in periods of high wind speeds (>25 m/s)

Offshore Wind Profile Reflects Representative Generation Pattern 
from a Single Available Year

To validate the use of a single-year profile, E3 also 
benchmarked 2018 wind data against NREL Wind Toolkit 
data (2000 - 2020) and found similar wind speed 
distributions and wind drought frequency, providing 
confidence in the use of single 2018 profile for this analysis

Month-Hour Mean Capacity Factor

Capacity Factor vs. Wind Speed
Sydney Bight Middle Bank
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 Limited simulations of offshore wind output across 
weather conditions, and lack of real-world observed 
data, limit our ability to evaluate complimentary of 
onshore and offshore wind resources

 Based on one year of available simulated offshore wind 
data, analysis shows moderate correlation (~20%-40%) 
between offshore wind at Sydney Bight or Middle Bank 
and existing onshore wind generation

• Low onshore wind periods coincide with low offshore wind more 
frequently than statistical independence would predict

 This establishes the basis for representing onshore-
offshore wind correlation in RECAP simulation when 
estimating OSW ELCC

 However, the direction of potential bias depends on 
whether 2018 overstates or understates the true long-
term correlation. Uncertainties around the true onshore-
offshore wind correlation may influence OSW ELCC 
estimates, and this question should be reevaluated when 
additional data becomes available.

Single-Year Offshore Wind Data Creates Uncertainty in OSW ELCC 
Estimates
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Onshore Wind Daily CF (%)

Sydney Bight

Middle Bank

Onshore vs. Offshore Wind Joint Distribution (2018, Winter)

Periods of low on- 
and offshore wind



Nature of Nova Scotia System Reliability Risk
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2. Calculate 
reliability metrics

3. Tune system to meet 
reliability target

Add or remove perfect 
capacity* to supply stack

1. Update supply 
stack & dispatch 

resources

Calibrate System to Target Reliability to Identify Critical System Periods

Iterate until converged 
to target reliability 

metric (0.1 LOLE**)

System risk profile that focuses on periods 
with greatest risk of loss-of-load

Converged to 

target reliability

* Perfect capacity is defined as a theoretical resource with 100% availability and capacity factor, serving load in all hours
** This is theoretically consistent with the target used to derive the PLEXOS planning reserve margin target
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2026 Nova Scotia System Risk Profile

2026 Existing + Planned  
Resource Portfolio 
(installed MW)

Month-Hour Average Loss-of-Load Probability in NS System, 
2026 system, calibrated to 0.1 LOLE

In 2026, largest risk of loss of load occurs during 
highest winter load days in January and February, 
spanning across the whole day 
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Evolution of LOL Risks Timing between 2020 and 2026

Month-Hour Average Loss-of-Load Probability for 2026 System, 
updated in this study

In 2020 simulated system, both December, 
Jan, and Feb see loss of load risks when 
heating loads are the highest…

…In 2026 simulated system, system loss-of-load 
risks are more concentrated around Jan and Feb, 
when load is the highest, and the duration of some 
loss-of-load risks is longer 

Month-Hour Average Loss-of-Load Probability for 2020 System, 
from 2019 ELCC study
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Simulated loss-of-load events range from a few hours to full-day
Fr
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 %

Loss-of-Load Risk Duration (hour)

Cumulative Distribution of LOL Risk Duration in NS System
2026 system, calibrated to 0.1 LOLE
Note that Event duration and distribution will shift at different level of energy-limited and variable resources penetration

In most challenging situation, 
loss of load risks span across 
the whole day from early 
mornings to evenings during the 
coldest winter days

50% of system loss of 
load risks ranges 
between 4~6 hours
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Example challenging winter week in RECAP simulation

Sustained period of 
low temperatures 
and high load as 
well as low wind 
output cause 
resource gap

DR and storage 
dispatch during low 
resource availability

High wind output, 
normal system 
operations

A challenging simulated January week illustrates several of the dynamics driving reliability risk and resource 
performance in Nova Scotia’s electricity system

Maritime Link

Thermal outages 
occur (decline in 
gray area), hydro 
dispatch 
increases

Storage and DR 
dispatch during 
periods of low wind 
reduce, but do not 
fully mitigate, 
resource gap



Winter Effective Load Carrying 
Capability Results
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 Utility-scale solar ELCC is ~12% for the 30 MW 
planned addition, but declines to single digit 
quickly afterwards due to saturation

• Winter risk in Nova Scotia system leads to low 
ELCCs for solar overall

• The diversity benefit between solar and 150 MW 
storage modeled in the base portfolio results in a 
modest improvement in solar ELCCs relative to a 
no-battery case

 1,000 MW of solar provides less than 30 MW of 
perfect capacity on Nova Scotia’s current 
system

• As more solar is added to the system, periods of 
risk move to low-solar generation hours, reducing 
its ELCC

Solar ELCC

374 MW  Hydro

1,176 MW Wind

30 MW    Solar

2,217 MW  Thermal

150 MW  Storage

ELCCs evaluated in 
addition to existing 
& planned resource 

portfolio

Solar Cumulative ELCC Value

Existing Solar: 
30 MW 

Solar Marginal ELCC

Cumulative Capacity, MW
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 The existing 150 MW of storage has a relatively high ELCC 
(around 95%), and the marginal ELCC starts to exhibit 
diminishing return for the next 200 - 300 MW of additions. 
But ELCCs declines rapidly to ~20% or lower afterwards

• The initial tranche of storage has relatively high ELCC, as the high 
penetration of onshore wind creates relatively narrow windows of 
capacity need, making it easier for 4hr storage to dispatch

 As more of the same duration (4-hr) storage is added to the 
system, the system increasingly needs resources that can 
sustain output for longer durations to address prolonged 
periods of high loads and/or low wind generation

Storage ELCC: 4-Hour

4-Hour Storage Cumulative Capacity Value

4-Hour Storage Marginal ELCC

Cumulative Capacity, MW

Existing  Storage: 
150 MW 

Illustration of Diminishing Value of 4-hr Storage ELCC 
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Storage ELCC: 8- and 12-Hour

Storage Cumulative Capacity Value

Storage Marginal ELCC

Cumulative Capacity, MW

4-hr
8-hr

12-hr

374 MW  Hydro

1,176MW  Wind

30 MW  Solar

2,217 MW  Thermal

300 MW Storage

 E3 also calculated ELCCs for longer 
duration storage resources, given the 
diminishing returns of 4-hour storage on 
Nova Scotia’s system

• Because storage of different durations all 
provide benefit with limited storage on the 
system, E3 calculated ELCCs of 8- and 12-
hour storage assuming 300 MW of 4-hour 
storage is already on the system

 8- and 12- hour storage provide more 
effective capacity at moderate 
penetrations (300-700 MW) but also 
exhibit diminishing returns as the 
duration of system need extends beyond 
a day or longer
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The duration of critical reliability events increases at higher levels 
of energy-limited resource penetration 

Fr
eq

u
en

cy

C
um

u
la

ti
ve

 %

Loss-of-Load Risk Duration (hour)

Cumulative Distribution of LOL Risk Duration in NS System
2026 system with 1 GW 4-hr battery storage, calibrated to 0.1 LOLE
Note that Event duration and distribution will shift at different level of energy-limited and variable resources penetration

At high storage penetration, system loss of load 
risks can extend to multiple days

50% of system loss of 
load risks is 10~15 
hours in duration
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 ELCC for 1,176 MW onshore wind projects 
that are existing or expected to be online by 
the end of 2026 is ~20%

• Higher share of high-capacity-factor planned 
wind increases its ELCC relative to the previous 
study

 As additional onshore wind is added, its 
incremental capacity value declines rapidly

 This reflects the fact that periods of low 
wind output (especially when coinciding with 
high demand) are already a key driver of 
system loss-of-load risk, so adding more 
wind with similar generation patterns does 
little to improve reliability

Onshore Wind ELCCs

Land-Based Wind Cumulative Capacity Value

Land-Based Wind Marginal ELCC

Cumulative Capacity, MW

Existing Wind: 
1,176 MW 

374 MW  Hydro
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 In this study, offshore wind ELCCs are 
calculated separately to onshore wind, 
and are evaluated in a system that 
already includes 1,176 MW of onshore 
wind resources

• Two top candidate sites, Sydney Bight and 
Middle Bank, are modeled

 ELCCs for initial additions are high, but 
decline quickly at higher penetration as 
increasing loss-of-load risks driven by 
low offshore wind generation periods

 The moderate correlation between 
onshore and offshore wind limits 
complementary benefits the system due 
to coincident low-wind periods that 
reduce generation from both resources 
simultaneously

Offshore Wind ELCCs

OSW Cumulative Capacity Value

OSW Marginal ELCC, %

Cumulative Capacity, MW
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DR ELCCs: NSP TVP CPP and E1 BNI

Program Available Time Call limits Call duration

NSP TVP CPP Nov – Mar; 6:00 AM – 11:00 PM 18 calls per year (no more than 3 calls on weekends) 4 hours

E1 BNI Dec – Feb; 7-11 AM or 5-9 PM
12 calls per year; 4 calls per month; 3 calls per week

(not available on weekends)
4 hours

Cumulative Capacity, MW

CPP

E1 BNI

E1 BNI exhibits lower ELCC 
relative to CPP due to its lack of 
weekend availability & more 
restrictive dispatch windows

DR Cumulative Capacity Value
Assume 100% customer response rate

DR Marginal ELCC
Assume 100% customer response rate

Cumulative Capacity, MW

CPP

E1 BNI

E1 BNI ELCC declines rapidly beyond ~20 
MW of penetration as system risk extends 
beyond early morning and afternoon peak 
windows, and to weekends
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 ELCC percentages represent average ELCC % of a 50 MW (assume 100% participation rate) generic DR 
program with the respective # of calls and call duration specification 

• Assume to be available for both weekdays and weekends

 Note that while additional calls above 6 calls do not increase ELCC in this analysis, in practice more 
calls may be needed given lack of perfect foresight

 Dispatch outside of reliability events may provide additional energy value to the system, but is not 
accounted for in ELCC values

DR ELCCs: Generic DR Program ELCC as a function of call duration 
and call limits

DR call duration 
is the binding 
factor to its ELCC

# of Calls

4 6 10 12 18

C
a

ll
 D

u
ra

ti
o

n
 

(h
o

u
r)

2 37% 37% 37% 37% 37%

4 61% 61% 61% 61% 61%

6 72% 77% 77% 77% 77%

8 86% 86% 86% 86% 86%

16 91% 91% 91% 91% 91%

24 95% 95% 95% 95% 95%

Assume 150 MW 4-hr storage in the base portfolio

50 MW 
program size 
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# of Calls

4 6 10 12 18

C
a

ll
 D
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ra

ti
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n
 

(h
o
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r)

2 37% 37% 37% 37% 37%

4 61% 61% 61% 61% 61%

6 72% 77% 77% 77% 77%

8 86% 86% 86% 86% 86%

16 91% 91% 91% 91% 91%

24 95% 95% 95% 95% 95%

 Given the similar capability and dispatch constraints in 
contributing to RA needs, storage and DR resources typically 
exhibit negative interactive effects

• Much like the marginal capacity value of storage resources decreases as 
its penetration increases, the marginal capacity value of DR will also 
decrease as the penetration of storage increases, and vice versa

 Accounting for these interdependencies accurately is crucial to 
ensuring that the total capacity value from a portfolio of storage 
and demand response resources is collectively accurate

Competitive effects between storage and DR resources

Assumes 300 MW 4hr storage in base portfolioAssumes 150 MW 4hr storage in base portfolio

50 MW 
program size # of Calls

4 6 10 12 18

4 32% 33% 33% 33% 33%

6 44% 45% 45% 45% 45%

Lower DR Capacity Value in a higher 
storage penetration system

                                                                                                                                                        

Shed DR Storage

Charge
Discharge

Hourly Load



Extension: Diversity Benefits
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 While resources with similar operating characteristics yield diminishing returns, combining resources 
with complementary characteristics can produce the opposite effect, where a portfolio total ELCC is 
greater than the sum of its parts (also described as a “diversity benefit”)

 As penetration of variable and energy-limited resources continue to grow, the magnitude of these 
interactive effects may increase and become non-negligible

Diversity Benefits Among Technologies 
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Illustrative Diversity Benefits from Portfolio of Resources (1/2)
Lower Storage/DR Example

Solar +Storage/DR* + Wind ELCCs, Perfect MW
% Diversity = Perfect MW Diversity divided by S+S+DR+LBW+OSW portfolio ELCC
* Storage and generic DR can be treated similarly in this context given the common dispatch pattern for short-duration capacity needs
 

Onshore Wind Nameplate MW 300 700 1000 2000

Offshore Wind Nameplate MW 300 300 300 300

4-hr Storage / DR Nameplate MW 150 150 150 150

Solar Nameplate MW 475 475 475 475

Adding wind and storage together into the 
system can create diversity benefit as more 
wind creates narrow windows with capacity 
need and make it easier for duration-limited 
resources to support the grid

OSW + LBW 
Cumulative 
ELCC

Diversity 
between wind + 
S/S/DR portfolio

Solar + 
4-hr Storage / 
DR Cumulative 
ELCC

Portfolio ELCC for all 
renewable and storage 
resources that considers 
interaction across different 
resources 

Note that all capacity MW numbers are referring to nameplate capacity addition on top of 2026 Existing and Planned portfolio

E3 evaluated the combined ELCC for illustrative portfolios of resources to assess potential diversity benefits 
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Illustrative Diversity Benefits from Portfolio of Resources (2/2)
Higher Storage/DR Example

Solar +Storage/DR* + Wind ELCCs, Perfect MW
% Diversity = Perfect MW Diversity divided by S+S/DR+LBW+OSW portfolio ELCC
* Storage and generic DR can be treated similarly in this context given the common dispatch pattern for short-duration capacity needs
 

Onshore Wind Nameplate MW 300 700 1000 2000

Offshore Wind Nameplate MW 300 300 300 300

4-hr Storage / DR Nameplate MW 850 850 850 850

Solar Nameplate MW 475 475 475 475

The magnitude of diversity benefit 
increases at even higher penetration of 
storage/DR resources within the 
assumed portfolio

OSW + LBW 
Cumulative 
ELCC

Diversity 
between wind + 
S/S/DR portfolio

Solar + 
4-hr Storage / 
DR Cumulative 
ELCC

Portfolio ELCC for all 
renewable and storage 
resources that considers 
interaction across different 
resources 

Note that all capacity MW numbers are referring to nameplate capacity addition on top of 2026 Existing and Planned portfolio



Summer Capacity Availability Analysis
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 Traditionally, most RA programs determined system needs and resource ELCCs on an annual basis 
under the premise that procuring sufficient capacity in the binding seasons would yield sufficient 
capacity in all other times as well

• However, some regions increasingly consider seasonal risks, in recognition of growing reliability risks that are no longer 
concentrated in a single time of year

 E3’s modeling indicates the Nova Scotia is not expected to experience loss-of-load risks in the summer

 However, reliability needs in the broader NPCC area are driven by summer peak conditions, therefore 
Nova Scotia resources that are available during NPCC’s summer critical hours can help meet regional 
reliability needs

 In this study, E3 assessed the summer capacity availability of Nova Scotia resources by analyzing their 
performance during NPCC’s summer critical window

 This summer availability metric is distinct from winter ELCCs in that winter ELCCs measure contribution 
to Nova Scotia’s local resource adequacy needs, while summer availability reflects contribution to the 
broader NPCC region

Evaluating Capacity Value for Nova Scotia Resources in Summer
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 Based on the NPCC Summer 2025 Reliability Assessment, E3 identified two proxy windows for critical 
periods in NPCC to evaluate resource contributions:

• Option 1: Top 10% of highest load hours during June - September

• Option 2: A fixed daily time window (e.g., 14:00–19:00 pm, ADT)

Resource Summer Capacity Availability Estimation  

Resource Group Capacity (MW)
Average generation during top 10% of highest 

load hours from June – September (%)
Average generation between 14:00–19:00 

pm in July and August (%)

Solar 30 42% 39%

Onshore Wind 1,176 26% 28%

Hydro 375 26% 24%

Across NPCC, solar penetration remains 
relatively low, and system risk continues to 
be driven by peak load periods. 
Strong midday solar output contributes to 
a relatively high availability factor during 
these hours.

Wind and hydro generation are generally lower in the 
summer. System risk is largely driven by peak load conditions 
(particularly when coincident with thermal outages) suggesting 
that average wind availability be a reasonable proxy for its 
“ELCC” in the NPCC system
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