Redesighing Reliability: Modelling
the Role of Long Duration Energy
Storage in Prince Edward Island

Technical Report

Author: Nicholas Legge

August 19", 2025

Wind Energy Institut de I'énergie
Institute of Canada éolienne du Canada




Author:

Nicholas Legge

Wind Energy Institute of Canada (WEICan)
21741 PE-12
Tignish, Prince Edward Island, Canada

www.weican.ca

© Wind Energy Institute of Canada


http://www.weican.ca/

Executive Summary

This report evaluates the potential of long duration energy storage to improve the reliability and
sustainability of Prince Edward Island’s electricity system. Using detailed power system
modelling and region-specific assumptions, it examines if storage can boost renewable
utilization, reduce import alliance, and lower emissions, supporting the province’s clean energy
transition and 2040 net-zero goal.

Background & Motivation

Prince Edward Island’s grid, already hosting 204 MW of wind and 30 MW of solar, faces
challenges from seasonal variability, limited interconnections, and peak winter demand
exceeding 300 MW. These factors leave Prince Edward Island heavily reliant on imports from
New Brunswick, with diesel generation providing additional backup when required. Long
duration energy storage, defined as systems capable of discharging for 10+ hours, can store
surplus renewable energy and release it during low-generation or high-demand periods,
improving utilization, reliability, and emissions performance. While mechanical options like
pumped storage and chemical options like hydrogen storage are unfeasible in Prince Edward
Island, electrochemical (battery) and thermal storage shows potential, especially as costs fall and
federal incentives become available. This study assesses the potential role of long duration
energy storage in supporting the island’s 2040 net-zero target and improving the electricity grid.

Methodology

The study applied a four-step approach:
Part I: LDES Technology Screening and Evaluation

Six candidate technologies were assessed for technical feasibility, cost-effectiveness, and
alignment with Prince Edward Island’s geography, excluding those physically unsuitable for long
duration energy storage on the island.

Part II: Grid Characterization

Various factors corresponding to the island’s grid were analyzed such as regional demand,
renewable resource potential, and transmission infrastructure to determine optimal siting and
integration opportunities for long duration energy storage.

Part II1: Power System Modelling with Long Duration Energy Storage

The ACES capacity expansion model was used to simulate the economic and operational
performance of long duration energy storage under realistic policy and market conditions.
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Part IV: Results Analysis & Strategic Insights

Modeled scenarios were compared, identifying system impacts, and developing
recommendations for policymakers, utilities, and investors.

Key Findings

This study combined a detailed screening of six long-duration energy storage technologies with
capacity expansion modelling to evaluate their role in Prince Edward Island’s electricity system.
The results and findings are as follows:

Technology Screening Insights

e Most Viable Options: From the PNNL database used, pumped hydro, adiabatic
compressed air, and hydrogen storage were excluded due to the island’s geography and
geology. The remaining candidates were lithium-iron phosphate batteries, nickel
manganese cobalt batteries, vanadium redox flow batteries, lead acid batteries, zinc-based
batteries, and solid-state sensible heat storage.

e Performance Leaders: Both lithium batteries took the lead as the most mature
technologies, demonstrating the highest round-trip efficiency (85%), lowest operational
expenditure, and strong energy density, making them well suited for near term
deployment.

e Specialized Strengths: Vanadium redox flow batteries offer extremely low self-
discharge for seasonal shifting (1.5% per month); zinc-bromine batteries have high
volumetric density (315 Wh/1); solid state sensible heat storage provides the longest
lifespan (34 years) and lowest energy capital expenditure, though with high power
conversion costs and low round trip efficiency.

e Economic Considerations: A levelized cost of storage analysis showed lithium iron
phosphate battery storage costing the cheapest at 10 hours duration, while solid state
sensible heat storage was the cheapest at 24 hours duration due to low energy scaling
costs.
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Long Duration Energy Storage Technology Screening Evaluation

PDS CapEx (Energy)| CapEx (Power)| Calendar Life] RTE OpEx ':2:;&;;?:::\)/ Exglg:n?:;?i:)y Self-Dischargel
Mature <$400/kWh | <$150/kWh | >20 Years | >80% [<$20/kWh-year|>200 Wh/kg| >300 Wh/I | <2%/month
Deployment $400/kWh - | $150/kWh - | 15 Years- | 60%- | $20/kW-year - | 100 Wh/kg -| 150 Wh/I - | 2%/month -
$525/kWh | $300/kWh | 20 Years 80% | $50/kW-year | 200 Wh/kg | 300 Wh/I | 5%/month
Development | >65255/kWh| >$300/kWh | <15 Years | <60% | >$50/kW-year | <100 Wh/kg| <150 Wh/I | >5%/month
LFP NMC VRF LA ZB SSSH
PDS Mature Mature Deployment Mature Deployment | Development
CapEx (Energy)| $374/kwWh | $422/kwh | $542/kWh | $505/kwh | $538/kwh | $221/kwh
CapEx (Power) $109/kW $109/kW $191/kW $153/kW $124/kW $2063/kW
Calendar Life 16 Years 13 Years 12 Years 14 Years 18 Years 34 Years
RTE 85% 85% 65% 79% 71% 49%
OpEx S18/kW-year|$21/kWh-year] $21/kWh-year| $22/kWh-year| $24/kWh-year|S70/kWh-yearn
E('::ag“,’ﬁ:;‘:':)" 125Wh/kg | 130wh/kg | 26Wh/keg | 38wh/kg | 133wh/ke N/A
E’(‘\‘jjzn'f:t':c';" 220Wh/I | 250 Wh/I 30 Why/I 85 Wh/I 315 Wh/I N/A
Self-Discharge | 3%/month | 4%/month | 1.5%/month | 3%/month N/A N/A
LDES Evaluation
Levelized Cost of Storage (S/kWh)
LFP NMC VRF LA ZB SSSH
10 Hour Duration| 0.260 0.301 0.401 0.338 0.335 0.315
24 Hour Duration|] 1.168 1.449 1.949 1.654 1.564 0.846

Levelized Cost of Storage Results

Lithium Iron Phosphate (LFP), Nickel Manganese Cobalt (NMC), Vanadium Redox Flow (VRF), Lead Acid (LA), Zinc Bromine
(ZB), Solid State Sensible Heat (SSSH)

Scenario Modelling Results

Three scenarios were assessed:

1. LDES-ITC — Long-duration energy storage systems are available for deployment with
30% capital cost reduction from the federal Clean Technology Investment Tax Credit.

2.
investment incentives.
3.
Key Model Findings:

LDES - Long-duration energy storage systems are available for deployment but without

Base — Only 2-hour and 4-hour lithium-ion battery storage systems are available.

Without the Investment Tax Credit, no long duration energy storage is deployed; with the
investment tax credit, 10-hour lithium iron phosphate battery storage is installed beginning in
2035 alongside major wind expansions.
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Generation Capacity Results

e Wind Dominance: Wind is the backbone of Prince Edward Island’s grid in both
scenarios, supplying ~80% of annual generation after 2035. Its variability reinforces the
need for balancing resources.

e Storage Contribution: Long-duration storage meaningfully expands its role under the
LDES-ITC case. By 2050, 10-hour lithium iron phosphate batteries provide ~1.7% of
annual generation versus just 0.46% from short-duration batteries in the Base scenario.
This flexibility allows surplus wind to be shifted into peak demand periods and reduces
solar reliance.

¢ Diesel Transition: Diesel steadily declines in both scenarios, accounting for no more
than 2.5% of annual generation after 2035. With long duration energy storage, diesel use
is cut by an addition ~4% relative to the Base scenario, moving it from a regular
contributor to a last-resort emergency backup.
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Hourly Generation — Sample Days — Results

¢ Rising Demand: By 2050, Prince Edward Island’s peak hourly load nearly doubles
relative to 2025, driven by electrification and population growth. Meeting this demand
requires major wind capacity expansion.

e Storage Role: In the Base scenario, 2-hour and 4-hour batteries cover short peaks but
leave the grid exposed during low-wind periods. In contrast, the LDES-ITC scenario
leverages 10-hour lithium iron phosphate batteries to provide sustained coverage,
reducing diesel reliance and imports from New Brunswick on high demand winter days.
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e Resource Substitution: On moderate spring and fall days, both scenarios meet demand,
but differently. The Base scenario depends on wind and solar variability, while the LDES-

ITC scenario smooths supply by discharging long-duration batteries strategically over
extended hours.
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Emissions — Results

e Limited Energy Storage Impact: Long-duration batteries alone deliver only modest
emissions benefits (~0.3% or 1.4 kt annually) by improving renewable utilization and
reducing diesel reliance.

e The Major Reduction: The largest step towards net-zero occurs in 2030 with the
addition of 56 MW of Bioenergy carbon capture and storage, offsetting ~651 kt of CO2e
annually and forming the backbone of Prince Edward Island’s decarbonization pathway.
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Sectoral Shifts: By 2040, electrification eliminates nearly all residential heating
emissions. By 2050, remaining emissions (~338 kt) come mainly from agriculture and
transportation, sectors where global advances (methane reduction, heavy duty EVs) will
be key.
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Emissions Results

Strategic Recommendations

Based on the modelling results and technology assessment in this study, the following strategic
recommendations are proposed to guide the effective deployment of long duration energy storage
in Prince Edward Island, ensuring long-term grid reliability, cost efficiency, and renewable

integration.

1.

Site Selection Assessment: Identify optimal long duration energy storage sites near wind
farms, substations, and load centers to maximize grid efficiency. Include environmental
reviews and land surveys to minimize community and ecological impacts.

Establish the LDES Operational Framework: Work with utilities to define capacity
values, grid stabilization roles, and integration practices for large-scale storage to ensure
efficient operation and maintenance.

Policy Development and Public Engagement: Collaborate with governments on
regulatory updates, while engaging the public and stakeholders to build support,
awareness, and transparency around long duration energy storage benefits.

Financial Strategy and Sourcing: Partner with reputable suppliers to secure
competitively priced ethically sourced technology, prioritizing Canadian manufacturing
where possible.
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5. Grid Integration and Planning: Assess grid upgrade needs for long duration energy
storage technology integration, including transmission improvements and potential
deployment of grid forming technologies.

6. Monitoring Other Options: While 10-hour lithium iron phosphate batteries show
optimal for 2035 deployment alongside wind expansions, it’s important to continue
tracking emerging technologies to maintain flexibility for future energy storage adoption.

Conclusion

This study demonstrates that long duration energy storage can play a targeted but meaningful
role in Prince Edward Island’s electricity system. With supportive policy measures, particularly
the federal Clean Technology Investment Tax Credit, long duration energy storage becomes
economically viable, enabling greater use of wind resources, reducing needed energy imports
from New Brunswick and modestly lowering emissions. Among the technologies assessed, 10-
hour lithium iron phosphate battery storage emerges as the most practical near-term option,
aligning well with the island’s projected wind expansion in the mid 2030’s. While the immediate
emissions benefits are incremental in an already renewable-heavy grid, long duration energy
storage strengthens system reliability, reduces dependence on diesel generation, and provides a
foundation for future integration of longer-duration solutions as they mature. Proactive planning,
ongoing technology monitoring, and coordinated grid integration will be critical to maximizing
the long-term value of long duration energy storage in Prince Edward Island.
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1. Introduction & Background

1.1 Project Objective & WEICan

This study seeks to explore the potential of Long-Duration Energy Storage (LDES) in enhancing
the energy system of Prince Edward Island (PEI). Currently, PEI’s grid hosts 204 MW of wind
energy and over 20 MW of solar generation, with plans to add approximately 200 MW more
from upcoming renewable projects. To fully integrate this additional renewable capacity and
reduce the province’s import reliance, the grid will need increased flexibility and a reliable
dispatchable energy source. Recent winters have seen demand surpass 300 MW, prompting the
grid to rely heavily on electricity imports during peak periods. LDES offers a solution by
capturing excess renewable energy for storage, which can then be dispatched during periods of
high demand. This will help reduce reliance on imports, maximize the use of locally generated
electricity, and enhance the overall efficiency of the province’s energy system.

The Wind Energy Institute of Canada (WEICan), a non-profit organization based in North Cape,
PEI, is leading this initiative. Established in 1981, WEICan has been a national leader in wind
energy research. Over the years, it has operated numerous renewable energy systems, including
five 2 MW DeWind D9.2 turbines, a 1| MW / 2 MWh Durathon GE battery energy storage
system (now decommissioned), and more recently, a 109 kW solar array from Jinko Solar and a
111.5 kW / 223 kWh Tesla Battery Energy Storage System (BESS). These installations have
played a key role in advancing research on the integration of energy storage with renewable
energy, positioning WEICan as a global innovator in the field of renewable grid integration.

1.2 Motivation & PEI’s Decarbonization Goals

In 2016, the PEI government announced its commitment to achieving net-zero emissions by
2040. Projections made at the time of that announcement have already been surpassed such as
peak energy use. With the decreasing cost of renewable alternatives and increasing accessibility,
technology types like energy storage are becoming more viable within the island’s energy
system. Currently, PEI’s generation capacity is made up of 48% wind, 7.3% solar, 2.9% biomass,
7.8% district energy systems, and 34% diesel. To meet increasing energy demand and phase out
fossil-fuel based generation, further integration of renewable energy will be essential. As the grid
becomes increasingly reliant on renewable sources, it will be crucial to address seasonal demand
fluctuations with more flexible solutions.

Given PEI’s unique challenges, including its small, isolated grid and limited interconnections,
the integration of long-duration energy storage will be key to meeting the province’s renewable
energy goals. While PEI has made significant progress in wind and solar capacity, integrating
this growing renewable generation without compromising grid stability requires resources that
can store energy over longer durations. LDES technologies can store excess energy during
periods of high generation and release it during peak demand or low generation, effectively

Wind Energy Institute of Canada 11



balancing supply and demand. This technology will be pivotal in not only ensuring grid stability
during multi-day lulls and seasonal fluctuations but also helping PEI reach its 2040 net-zero
target while supporting a cleaner, more resilient electricity system.

1.3 Report Structure & Methodology

This report and study are organized into four interconnected sections, each building upon the
previous one, ultimately leading to comprehensive results and actionable recommendations
regarding the integration of LDES into PEI’s energy sector.

Part I: LDES Technology Screening & Evaluation

Six LDES technologies, including five battery-based and one thermal, were selected from the
2024 PNNL Energy Storage Database. Key metrics such as cost, efficiency, and maturity were
analyzed to evaluate each technology. This evaluation will inform the input of cost and
performance data into the model for further analysis.

Part II: Grid Characterization

Optimal siting and integration of LDES across PEI is analyzed, considering spatial variations in
renewable energy and transmission infrastructure. The island is divided up into two regions
based on different factors. Hourly 2024 ERAS data is used to calculate local capacity factors,
capital expenditures, and Levelized Cost of Storage (LCOS) for wind and solar. Transmission
corridors are assessed for voltage, current, and capacity constraints. The results from this section
are critical inputs for the modelling stage to provide accurate assessments for potential LDES
deployment.

Part III: Power System Modelling with Long Duration Energy Storage

This section applies the Atlantic Canada Energy System (ACES) capacity expansion model to
simulate how different LDES technologies could be integrated into PEI’s electricity grid from
2025 to 2050. The analysis considers key policy targets, renewable buildout schedules, grid
limits, and updated cost/performance data from earlier sections. Different scenarios are
modelled, including cases with and without the federal clean technology Investment Tax Credit
(ITC), to evaluate LDES impacts on generation capacity, generation activity, system costs, and
emissions.

Part IV: Results Analysis & Strategic Insights

This section presents and interprets the modelling results, highlighting how LDES affects system
reliability, renewable integration, emissions, and overall cost-effectiveness. It showcases three
modeled scenarios, two with unique differences, and identifies results in capacity buildouts,
generation mixes, and storage deployment patterns. The analysis also distills cross-technology
insights from the modelling and technology screening, leading to a set of strategic
recommendations for PEI’s energy planning and long-term decarbonization strategy.
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1.4 Introduction to Long Duration Energy Storage

This study defines long-duration energy storage systems as being capable of discharging
electricity for 10 hours or more, offering a crucial solution for integrating renewable energy into
PEI’s grid. These technologies store large amounts of energy and release it steadily over
extended periods, ensuring that surplus renewable energy generated during periods of high
output, such as windy nights or sunny days, can be stored and used later when generation doesn’t
meet demand.

PEI’s energy grid is heavily reliant on wind and solar power, which can be intermittent. LDES
can address this intermittency by dispatching stored renewable energy, reducing reliance on
fossil fuel backup plants or energy imports during multi-day calm or overcast periods. With the
ability to provide firm capacity, LDES systems ensure reliable energy cam be available during
critical peak demand periods or emergencies, making them a vital component of a resilient grid.

LDES technologies, though still in various stages of commercialization, are rapidly advancing
due to innovation and supportive policies. As costs decrease and performance improves, these
technologies are expected to play a significant role in ensuring a reliable, flexible, and
renewable-powered grid for PEIL.

2.Part I: LDES Technology Screening & Evaluation

This section outlines the screening process for LDES technologies suitable for deployment in
PEL It evaluates various storage options based on technical feasibility, cost-effectiveness, and
alignment with PEI’s unique energy landscape, ensuring the selected technologies can effectively
support renewable integration and grid reliability.

2.1 LDES Technology Soft Screening

The technologies chosen were applied from the Pacific Northwest National Laboratory’s (PNNL)
Energy Storage Cost and Performance Database 2024 [1]. PNNL is a trusted resource known for
its comprehensive, up-to-date data on energy technologies. Technologies were assessed for
potential viability for the province based on their relevance to PEI’s grid, with exclusions made
for options that do not align with the province’s geographical constraints or other critical factors.
The excluded technologies from the database include Pumped Storage (PS), due to the island’s
lack of sufficient elevation for operation. Adiabatic Compressed Air (ACA) and Hydrogen (H2)
storage are also excluded, as PEI lacks the necessary underground salt deposits required for
cavern-based storage. While above-ground storage tanks are technically possible for ACA and
H2, the high associated costs make these solutions economically unfeasible for the province in
the coming years.
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2.1.1 Lithium-Iron Phosphate Battery Storage

Lithium-Iron Phosphate (LFP) batteries operate by storing energy through the migration of
lithium ions from a phosphate-based cathode to a graphite anode during charging. This reversible
process allows for efficient energy storage and retrieval, with a round trip of efficiency that
typically ranges from 85-90%, making LFP batteries well-suited for grid scale applications. The
modular design of LFP systems adds to their appeal, providing deployment flexibility that allows
them to be installed in various locations with proper environmental safeguards and grid
connections.

However, when used for LDES, LFP batteries face some constraints. While they excel in short-
duration applications, extending discharge durations beyond 8-10 hours leads to diminishing
returns, as the increased number of battery modules becomes less cost-effective. Additionally,
LFP systems generally have shorter lifespans compared to other storage technologies, with
typical operational lifetimes ranging from 15 to 20 years or several thousand charge-discharge
cycles before substantial maintenance or refurbishment is required [2].

Despite these limitations, ongoing advancements in lithium-ion technology are steadily
addressing its economic challenges. According to projections from the National Renewable
Energy Laboratory’s (NREL) Annual Technology Baseline (ATB), significant reductions in
lithium-ion storage costs are expected in the coming decades [3]. Moderate-case scenarios
suggest a 21% reduction in unit energy capacity costs by 2030, with a more substantial 49%
reduction by 2050, based on 2025 values. These cost improvements, driven by advances in
research, manufacturing efficiencies, and scale, could enhance the economic viability of LFP
batteries for longer-duration storage soon, making the investigation of future LFP energy storage
for PEI important.

With strong policy support and ongoing investments in LFP battery technology, projects are
gaining momentum and increasing in scale. For instance, Nova Scotia Power has begun the
construction of three LFP battery storage facilities across the province with a combined capacity
of 150 MW / 600 MWh. This project is set to be completed by 2026. A rendering' of one of the
sites is shown below in Figure 1.

! Bridgewater Grid-Scale Battery. [Rendering]. Nova Scotia Power.
https://www.nspower.ca/cleanandgreen/innovation/grid-scale-batteries
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Figure 1: Nova Scotia Power Grid Scale LFP Battery Storage

2.1.2 Nickel Manganese Cobalt Battery Storage

Nickel Manganese Cobalt (NMC) batteries, like LFP batteries, utilize lithium-ion intercalation
within a layered oxide structure to store energy. The combination of nickel, manganese, and
cobalt in the cathode enables these batteries to achieve high energy density and excellent
charge/discharge performance, making them particularly suitable for space constrained locations.
NMC batteries also perform well in cold climates and excel in charging and discharging times
making them capable for rapid grid response, which is essential for balancing fluctuations in
energy demand [4].

However, NMC batteries do have drawbacks. They are more expensive than other lithium-ion
chemistries like LFP, particularly due to the cost of cobalt and nickel. Additionally, NMC
batteries carry a higher fire risk compared to other battery types, and there are significant
environmental and ethical concerns surrounding the mining of cobalt, especially in regions
where labour practices and environmental standards are often questionable [5].

One notable example of NMC battery technology in large-scale use is the Moss Landing NMC
battery storage facility in California®. With a capacity of 750 MW / 3000 MWh, it is one of the
largest of its kind, demonstrating the potential of NMC-based systems for large-scale energy
storage solutions. An image of the facility is shown in Figure 2.

2 Moss Landing Phase II1. [Photograph]. ENRWest. Copyright by Burns & McDonnell.
https://www.enr.com/articles/59401-best-project-energy-industrial-moss-landing-phase-iii
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Figure 2: Moss Landing NCM Battery Storage Facility

2.1.3 Vanadium Redox Flow Battery Storage

Vanadium Redox Flow (VRF) batteries operate using vanadium ions in varying oxidations states,
dissolved in liquid electrolytes, to store energy. Unlike conventional solid-state batteries, flow
batteries utilize liquid electrolytes held in external storage tanks. During operation, these
electrolytes are circulated through an electrochemical cell stack, where energy is stored and
released through oxidation-reduction reactions. In vanadium-based systems, both the positive
and negative electrolytes contain vanadium ions in different oxidation states, serving as charge
carriers. During charging, electrochemical reactions at the cell membrane cause vanadium ions in
one electrolyte to undergo oxidation, releasing electrons, while ions in the second electrolyte
undergo reduction, accepting electrons. Upon discharge, this process reverses, generating
electrical current for external use [6].

The main advantage of VRF batteries is their large cycle life, with minimal degradation over
time, making it ideal for LDES. The electrolyte is also reusable and non-flammable, enhancing
the safety and sustainability of the system. However, VRF batteries are limited by their large
physical footprint and high balance of plant costs, which make them less space-efficient and
more expensive to deploy compared to various lithium-ion battery chemistries. Additionally, they
have lower efficiency than most other battery storage types, which can impact their performance
for certain applications [7].

An example of VRF battery storage technology in operation is the 525 kW / 12.6 MWh battery
currently in operation by Invinity Energy in Washington State, demonstrating the growing
potential of this technology for large-scale long-duration energy storage solutions’. The battery
system is shown pictured in Figure 3.

3 Energy Storage Beyond Lithium. [Photograph]. Invinity Energy Systems.
https://invinity.com/vanadium-flow-batteries/
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Figure 3: Invinity Energy VRF Battery Storage

2.1.4 Lead Acid Battery Storage

Lead Acid (LA) batteries are one of the oldest and most established energy storage technologies,
relying on a reversible chemical reaction between lead dioxide and sponge lead in a sulfuric acid
electrolyte to store and release energy. While this technology is well-understood and widely
available, it is considered dated when compared to newer, more efficient battery chemistries.
Despite its age, PNNL continues to include LA batteries in its database, reflecting ongoing
interest in understanding the current economics and performance of the technology. This
inclusion highlights that, even though LA batteries may not be the cutting-edge solution they
once were, they may still offer a viable, cost-effective option for specific applications, making
the technology worth investigating.

One of the primary advantages of Lead Acid batteries is their low initial cost, making them an
accessible option for small-scale storage projects. However, they come with notable drawbacks,
such as relatively short cycle life and limited depth of discharge (DOD), which reduces their
efficiency for modern grid applications. Furthermore, the use of toxic materials like lead and
sulfuric acid raises environmental and safety concerns, particularly in large-scale deployments.
Despite these limitations, LA batteries remain an important part of the energy storage industry

[8].

Manufacturers such as Rolls Battery Engineering, based in Springhill, Nova Scotia, have spent
decades advancing the design and production of deep-cycle lead acid batteries. Established in
1935, the company has built a reputation for durable, high-quality batteries tailored to both
residential and industrial applications. Rolls Battery Engineering prioritizes safe material
sourcing and maintains Canadian based manufacturing. In recent years, Rolls has focused on
developing specialized solutions for renewable energy storage, offering a wide range of products
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designed to support reliable off grid backup, and grid-tied systems®. A photo of one of Rolls’ lead
acid battery energy storage systems is shown in Figure 4.

Figure 4: Rolls Battery Engineering Energy Storage

2.1.5 Zinc-Based Battery Storage

Zinc-Based (ZB) batteries utilize metallic zinc as the anode and encompass a variety of
chemistries, including Nickel-Zinc, Zinc-Bromine (both flow and non-flow), and Zinc-Air. Each
of these designs has its own unique structure, performance characteristics, and stage of maturity.
Due to the diversity of zinc battery technologies and the limited available data, PNNL’s Energy
Storage Cost and Performance Database aggregates them into a singled averaged value for
comparative purposes. This approach helps streamline analysis while allowing for a broader
understanding of the potential of zinc-based systems.

One of the key advantages of ZB batteries is their versatility across a broad range of durations,
thanks to having varying chemistries available. They offer a safe energy storage solution, as their
chemistry does not require fire suppression. Additionally, ZB batteries have a compact design,
with lower thermal management needs, which can be beneficial and save on space. However,
these batteries are still in the early stages of maturity, with limited large-scale deployment to
date. Performance and cost data are still evolving, which means that their full economic viability
remains to be determined. Many systems are still undergoing testing, limiting their widespread
adoption in the energy storage market. Despite this, ZB batteries remain a potentially promising
solution for LDES [9].

4 Eigg Electric Testing Rolls’ Lead Acid Batteries. [Photograph]. Rolls Battery Engineering.
https://rollsbattery.com/rolls-battery-selected-for-isle-of-eigg-energy-storage-upgrade/
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A notable example of ZB battery technology in development is the Camp Pendleton battery
energy storage project in California, which will utilize non-flow static zinc batteries to provide
6 MW /48 MWh of energy storage capacity. This project is expected to be finished by 2027 and
highlights the growing interest in Zinc-Based battery solutions and their potential for LDES.
EOS Energy Enterprises will be providing their ZB BESS technology, with the project
commissioning to be carried out by International Electric Power’. An image of EOS ZB battery
technology is shown in Figure 5.

Figure 5: EOS ZB BESS In Production

2.1.6 Solid State Sensible Heat Storage

Thermal energy storage technologies offer an alternative to traditional electrochemical batteries,
storing energy in the form of heat instead of electricity. PNNL identifies five thermal storage
types: Molten Salt, Solid State Sensible Heat (SSSH), Latent Heat, Liquid Air Energy, and
Thermochemical. However, many of these technologies face challenges in the context of PEI’s
energy landscape. Molten Salt systems require concentrated solar power and high solar
irradiance, both of which PEI lacks. Latent heat technology is still in the early stages of
development with limited commercial data. Liquid Air Energy Systems require large-scale
infrastructure that is not well-suited for PEI’s grid, and Thermochemical storage is highly
experimental and capital intensive. Given these constraints, Solid State Sensible Heat emerges as
the only viable thermal option for the province. It is geographically flexible and well suited for
heating applications, making it a promising candidate for PEI’s needs.

5 Zinc battery player Eos says cost reductions; automated production will fuel profitability shift in 2024.
[Photograph]. Energy Storage News. Copyright of Eos Energy Enterprises.
https://www.energy-storage.news/zinc-battery-player-eos-says-cost-reductions-automated-production-will-fuel-
profitability-shift-in-2024/
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The thermal cost data used in PNNL’s database represents an average across the different thermal
storage technologies, reflecting the broad potential of thermal solutions while acknowledging the
differences in each technologies’ performance and scalability. SSSH stores thermal energy by
heating solid materials such as ceramic, concrete, or rock to high temperatures. The heat is then
extracted for either electricity generation or direct thermal use, often through a heat exchanger or
thermodynamic cycle. This process offers several advantages, including the use of abundant,
low-cost materials, minimal degradation over time, and an absence of hazardous chemicals,
which improves safety and fire resilience.

However, SSSH does have its limitations. It requires advanced thermal insulation to maintain
efficiency, and its large system footprint can restrict placement flexibility. Additionally, the
process of converting electricity to heat and then back to electricity significantly reduces the
Round Trip Efficiency (RTE) [10] .

Energynest offers a scalable, market-ready SSSH system with configurations ranging from 5
MWh to over 1000 MWh, showcasing its promising potential for LDES®. An image of one of
Energynest’s scalable SSSH storage system is shown in Figure 6.

Figure 6: Energynest SSSH System

2.2 Performance & Cost Metrics

To properly evaluate LDES technologies for PEI, it’s essential to establish a clear set of metrics
that would allow for a fair and consistent comparison of performance and cost across the six

technologies. This was achieved through two main objectives: first, conducting a soft screening
of each technology to provide an initial assessment of how they might perform in the province;

¢ Powering you into the future: our ThermalBattery. [Photograph]. Energynest.
https://energy-nest.com/thermal-battery/#batterythermal
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and second, gathering the necessary data and cost details to integrate these technologies into the
ACES model for further analysis in Part IIT & IV.

The following evaluation metrics were prioritized and are listed in order of importance:

1. Present Development Status (PDS) [Maturity]: This metric assesses the maturity and
readiness of each technology, based on its Technology Readiness Level (TRL)’. A
detailed description of the TRL framework is shown in Figure 7. The technologies are
categorized into three maturity levels based on the TRL scale:

a. Mature (TRL 9): Fully proven in commercial use with established performance
and cost data.
b. Deployment (TRL 7-8): Demonstrated at scale but not yet widely adopted or
fully commercialized.
c. Development (TRL < 6): Early-stage technology with limited field use and
higher uncertainty regarding performance and cost data.
A higher maturity level indicates lower uncertainty in both cost and performance, and a
greater likelihood of successful large-scale deployment. This metric is the most critical,
as it provides the best indication of which LDES technologies are practically viable for
near term deployment in PEI.

TECHNOLOGY READINESS LEVEL (TRL)

ACTUAL SYSTEM PROVEN IN OPERATIONAL ENVIRONMENT

SYSTEM COMPLETE AND QUALIFIED

SYSTEM PROTOTYPE DEMONSTRATION IN OPERATIONAL
ENVIRONMENT

TECHNOLOGY DEMONSTRATED IN RELEVANT ENVIRONMENT
TECHNOLOGY VALIDATED IN RELEVANT ENVIRONMENT
TECHNOLOGY VALIDATED IN LAB

EXPERIMENTAL PROOF OF CONCEPT

2 TECHNOLOGY CONCEPT FORMULATED

RESEARCH DEVELOPMENT DEPLOYMENT

1 BASIC PRINCIPLES OBSERVED

Figure 7: TRL Scale Diagram

7 What are Technology Readiness Levels? (TRL). [Digital Image]. TWI Global.
https://www.twi-global.com/technical-knowledge/fags/technology-readiness-levels
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2. Capital Expenditure (CapEx): This metric represents the upfront capital required to
design, build, and install an LDES system, encompassing costs for equipment,
construction, and integration. A lower CapEx improves project feasibility and makes the
technology more attractive to investors. CapEXx is evaluated in two key components:

a. $/Energyratea: The cost per GWh of storage capacity.
b. $/Powerratea: The cost per MW of power delivery capability.

CapEx is a crucial metric because it significantly impacts the overall economic viability
of the technology. Often, it represents the largest financial hurdle to LDES deployment,
making it a key factor in determining whether a project can proceed at scale.

3. Calendar Life: This metric measures how long an LDES system can operate before
degradation, aging, or maintenance costs outweigh its benefits. A longer calendar life
reduces lifecycle costs, enhances system value, and minimizes operational disruptions.
Technologies with longer lifespans, especially infrastructure heavy ones, tend to perform
best in this category.

4. Round Trip Efficiency (RTE): This metric measures the percentage of input electricity
returned after a full charge/discharge cycle. A higher RTE means less energy loss
improving system efficiency and reducing generation costs.

Note: Although efficiencies for charging, discharging, and standby can be measured
separately, this project simplifies them into a single RTE value, reflecting the overall
electricity in, to electricity out, for LDES performance.

5. Operations and Maintenance Expenditure (OpEx) [O&M]: This metric refers to the
ongoing costs associated with operating and maintaining an LDES system. Lower OpEx
results in better long-term affordability. OpEx is usually divided into two components:

a. Fixed Operation & Maintenance (FOM): These are annual costs that remain
constant regardless of system usage, typically measured in $/kW-year or $/kWh-year.

b. Variable Operation & Maintenance (VOM) [NOT ASSESSED]: These costs
fluctuate based on system usage, often measured in $/MWh throughput

For this project, only FOM is evaluated, as VOM is difficult to model accurately without
detailed dispatch forecasts. FOM provides a reliable, annualized cost that is easier to
track and compare.

6. Energy Density: This metric measures the amount of energy stored per unit volume
(Wh/L) or mass (Wh/kg) in an LDES system. It indicates how compact the technology is,
which is crucial for systems with space, weight, or siting limitations. High energy density
enhances versatility and reduces land use, a key factor in PEI, where land is limited and
primarily used for agricultural.
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Note: Due to variations across LDES technologies, energy density will only be assessed
for battery technologies in this project.

7. Self-Discharge (or Thermal Losses): This metric measures the rate at which stored
energy is lost over time without being utilized. Low self-discharge is crucial for LDES
systems intended for seasonal storage. While it’s challenging to quantify self-discharge
precisely, all storage systems experience gradual energy losses as time passes.

2.3 Data Collection Methodology

This section outlines the sources and processes used to gather all cost and performance data for
the project. It also highlights any key assumptions and judgements made during the data
collection process.

2.3.1 Data Sources & Assumptions

The Energy Storage Cost and Performance Database v2024 by Pacific Northwest National
Laboratory serves as the primary data source for this project [1]. This database provides detailed
cost breakdowns and performance estimates for the six LDES technologies selected for analysis.
All performance metrics were sourced from this database, except for Energy Density and Self-
Discharge, which were obtained from additional sources.

To align this U.S. based data with 2024 Canadian market conditions, the following adjustments
were made:

1. Costs from 2023 to 2024 were inflated by 3.9% based on the annual consumer price
index change that -year [11].
e This resulted in an inflation factor of 1.039
2. A 3-year average exchange rate (2022-2024) was used to convert costs to CAD [12].
e 1.3013+1.3496+ 1.36=4.0109 — 4.0109/3 =1.34
3. Applying both inflation and exchange rate adjustments, the final conversion factor from
2023 USD to 2024 CAD is[L.39)]

Unless otherwise stated, all costs are given in 2024 CAD and are based on cost projections for
when the system could be constructed (5 — 10 years).

Two other key assumptions for this project are:

e The scope of the LDES technology is defined as electricity input to electricity output.

e Self-discharge data assumes ambient conditions, specifically a temperature range
of 20-25°C.
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2.3.2 CapEx & OpEx Data Collection Method

To derive consistent 2030 capital and operational cost estimates for each LDES technology being
assessed, the following six step filtering and averaging process was applied to the PNNL
database in Excel.

1. Year Filter — Only data points for the year 2030 directly related to capital cost were
retained. All other years and unrelated entries were removed.

2. Duration Filter — Entries with storage durations less than 10 hours or greater than 24
hours were excluded to better align with realistic long-duration storage potential in PEI.

3. Capacity Filter — Projects with power capacities below 10 MW or above 100 MW were
excluded to maintain scale consistency and feasibility for PEI’s electricity grid.

4. Cost Consolidation — For technologies with multiple contributing cost components (e.g.
separate entries for different subsystems), new rows were created to sum the total $/kW
and $/kWh values per unit.

5. Averaging — An average was calculated for each LDES type’s power cost ($/kW) and
energy cost ($/kWh) across the remaining valid entries.

6. Cost Application — If desired, these averaged values could then be used to compute the
total capital ($/kW) and operational ($/kWh) costs based on the system’s specific power
and energy capacities. The equations used for this step are shown below.

2.3.3 Levelized Cost of Storage — Overview & Calculation Method

When comparing LDES technologies based solely on CapEx, long-term economic performance
can be inadequately represented. To address this, the Levelized Cost of Storage (LCOS) is
introduced. This metric calculates the total lifetime cost per unit of energy delivered, expressed
in $/kWh, enabling a consistent comparison of technologies regardless of design or
specifications. LCOS accounts for CapEx, OpEx, electricity costs, calendar life, RTE, and
depreciation, providing a comprehensive measure of economic viability.

For this project, the following assumptions from Lazard’s 2024 Levelized Cost of Energy
(LCOE) report were applied to evaluate LCOS [13].

e A Weighted Average Cost of Capital (WACC) of 7.7%.
e Electricity Charging Cost of $0.064 USD ($0.088 CAD using the exchange rate method
outlined in Section 2.3.1)

e While Lazard’s LCOE methodology applies a 5-year MACRS Depreciation Schedule,
this analysis uses a simplified flat 3% annual depreciation rate
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2.4 LDES Technology Comparison Results & Analysis

Table 1 outlines a standardized comparison framework, recognizing that the ideal technology
choice depends on the unique needs of the application and how it integrates with the system.

To ensure consistent evaluation, a three-level rating structure was developed (green for
favorable, yellow for moderate, and red for challenging), with thresholds set based on insights
from literature and industry benchmarks.

PDS CapEx (Energy)| CapEx (Power)|Calendar Life] RTE OpEx fg:;‘%:?:::\)/ Ex;rlg:r::;it)y 5e|f-Discharge|
Mature <$400/kWh | <$150/kWh | >20 Years | >80% |<$20/kWh-year|>200 Wh/kg| >300 Wh/I | <2%/month
e $400/kWh - | $150/kWh - | 15 Years- | 60%- | $20/kW-year - |100 Wh/kg -| 150 Wh/I - | 2%/month -
$525/kWh | $300/kWh | 20 Years 80% | $50/kW-year | 200 Wh/kg | 300 Wh/I | 5%/month
Development | >6525$/kWh| >$300/kWh | <15 Years | <60% | >$50/kW-year | <100 Wh/kg| <150 Wh/I | >5%/month

Table 1: LDES Technology Evaluation Criteria

This analysis highlights the varying performance characteristics of the six LDES technologies,
each demonstrating specific advantages and drawbacks. In Table 2, a comparative scorecard is
provided, showcasing both the numerical values and color-coded classifications that encapsulate
the conclusions based on the key evaluation metrics.

LFP NMC VRF LA ZB SSSH
PDS Mature Mature Deployment Mature Deployment | Development
CapEx (Energy)| $374/kWh $422/kWh $542/kWh $505/kWh $538/kWh $221/kWh
CapEx (Power) | $109/kW $109/kW $191/kW $153/kW $124/kW $2063/kW
Calendar Life 16 Years 13 Years 12 Years 14 Years 18 Years 34 Years
RTE 85% 85% 65% 79% 71% 49%
OpEx $18/kW-year|$21/kWh-year] $21/kWh-year|$22/kWh-year| $24/kWh-year|$70/kWh-year
Energy Density
(Gravimetric) 125 Wh/kg 130 Wh/kg 26 Wh/kg 38 Wh/kg 133 Wh/kg N/A
Energy Density
(Volumetric) 220 Wh/I 250 Wh/I 30 Wh/I 85 Wh/I 315 Wh/I N/A
Self-Discharge | 3%/month | 4%/month | 1.5%/month | 3%/month N/A N/A
Table 2: LDES Technology Assessment Results
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LFP - Energy Density data: Lithium Storage Battery, Self Discharge data: Bateria Power

NMC - Energy Density data: One Charge, Self Discharge data: Eco Tree Lithium

VRF - Energy Density data: "VRF Batteries: Electrochemical Engineering", Self Discharge data: E22 Energy Storage Solutions

LA — Energy Density data: "LA batteries for utility energy storage", Self Discharge data: Sealed LA Batteries

ZB - Energy Density data: "Zinc & Lead Batteries"

2.4.1 Technology Specific Observations

Lithium Iron Phosphate (LFP) stands out with the most favourable overall metrics,
showcasing its maturity and strong performance across multiple key areas. It is a mature
technology, tied for the highest RTE, tied for the best CapEx power, and offers the lowest OpEx.
Compared to the other technologies tested, it demonstrates no significant weaknesses, providing
a well-rounded solution. Its 16-year calendar life, while acceptable for battery technologies,
could be improved for optimal long-term LDES applications. Additionally, its decent energy
density allows for flexible deployment, and its acceptable self-discharge rate further strengthens
its suitability for various LDES applications.

Nickel Manganese Cobalt (NMC) performs well across key metrics, highlighting its maturity
and strong capabilities. It is a mature technology, tied for the best RTE and best CapEx power.
However, it does slightly fall behind in terms of its shorter calendar life compared to other
battery technologies. Its OpEx is on par with modern storage solutions, and its energy density
provides strong siting flexibility, positioning NMC well for various applications. While its self-
discharge is slightly higher than most battery technologies, this doesn’t significantly impact its
overall performance, and it remains a highly capable option for LDES applications.

Vanadium Redox Flow (VRF) technology currently sits at the lower end in terms of overall
economics and performance. As it is still in the deployment stage with systems gradually being
introduced globally, VRF carries the highest CapEx energy costs of all the technologies
analyzed. Additionally, it faces challenges with the shortest calendar life and second-lowest RTE.
Its energy density is also lower compared to other technologies, meaning that VRF installations
require large land footprints, which could limit its practical deployment in space-constrained
areas.

VREF excels in its minimal self-discharge rate, ranking the highest in this category. This feature
makes VRF particularly well-suited for LDES applications, where energy can be stored and
dispatched over extended periods with minimal losses. While its current market position and
performance may not yet be ideal, the technology holds promise and could become a more viable
solution as it matures in the future and further advancements are made.

Lead Acid (LA) batteries are a mature and widely adopted technology, but they face significant
challenges in keeping pace with modern energy storage advancements. The technology is
hindered by high CapEx costs for both energy and power, along with a calendar life that lags
many contemporary BESS. While lead acid batteries offer a relatively decent RTE, which has

Wind Energy Institute of Canada 26


https://www.lithiumstoragebattery.com/products/lithium-iron-phosphate-battery.html?
https://bateriapower.com/blogs/page/is-your-lifepo4-battery-losing-power-discover-the-self-discharge-rate-you-need-to-know?
https://www.onecharge.biz/blog/cell-to-pack-lfp-lithium-batteries-outperform-nmc/?
https://ecotreelithium.co.uk/news/lithium-nmc-vs-lifepo4/
https://www.intechopen.com/chapters/66462
https://www.energystoragesolutions.com/documents/Datasheet-E22-250kW.pdf?
https://www.sciencedirect.com/science/article/pii/S2352152X17304437?via%3Dihub
https://www.power-sonic.com/wp-content/uploads/2018/12/Technical-Manual.pdf#page=21
https://www.sandia.gov/app/uploads/sites/82/2024/08/PR2024_1000_Lambert_Tim_Zinc-Lead-Batteries-1.pdf?

helped maintain their relevance over the years, their energy density is low. As a result, large-scale
installations require considerable land area to accommodate the sheer volume of batteries needed
to meet capacity requirements.

On the optimistic side, Lead Acid batteries have a manageable self-discharge rate of around 3%
per month, allowing for a reasonable shelf life even when the system is not in use. While this
helps with storage longevity, the overall performance and scalability of lead acid batteries make
them less competitive compared to more modern storage technologies.

Zinc-Based (ZB) batteries, still in the deployment phase, demonstrate promising potential in
their economics and performance. While they have a high energy CapEXx, they stand out with a
more cost-effective CapEx for power delivery. ZB batteries also boast an impressive calendar
life, surpassing most modern-day batteries, and are the longest lasting battery storage option
among those evaluated.

Their RTE is decent, though it can vary depending on the specific type of ZB battery used. In
terms of energy density, ZB batteries excel volumetrically, offering compact designs that
minimize space requirements. However, their mass energy density is relatively low, resulting in
heavier batteries. Despite these challenges, the future of ZB batteries looks promising for LDES,
especially as markets evolve and technology matures.

Solid State Sensible Heat (SSSH) presented unique results as the only non-battery technology
analyzed in this evaluation. Being in the development stage, it carries the lowest maturity rating,
reflecting its status as a newer technology still undergoing extensive research and development
testing. SSSH demonstrated the lowest CapEx energy, making it an affordable option for scaling
to long-duration storage. However, it also had the highest CapEx power, highlighting the
significant upfront cost associated the necessary power conversion equipment.

One of the standout features of SSSH is its exceptional calendar life of 34 years, which is
expected due to its reliance on large-scale power conversion components rather than
electrochemical systems. These components tend to have longer lifespans, contributing to the
technology’s durability. However, SSSH also showed the lowest RTE, as expected for a thermal
technology, due to inherent heat losses and insulation challenges.

In terms of operating costs, SSSH had the highest OpEx, primarily driven by the complex and
expensive power conversion infrastructure required to operate the system. While energy density
was not measured due to inconsistencies with the battery technologies, the lack of data on self-
discharge further limited the analysis of its long-term performance. Despite these challenges,
SSSH’s long lifespan and low CapEx energy make it a potential LDES solution.

2.4.2 Cross-Technology Observations

Several key observations emerge from the technology comparison, highlighting the similarities
and patterns among different LDES types. Some takeaways from this are:
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1. Distinct Technological Advantages — This evaluation reveals that no single LDES
technology excels across all metrics. Each technology offers unique advantages that make
it particularly suited for specific applications. Lithium-ion batteries (LFP & NMC),
provide the most cost-effective solutions with the highest RTE, making them ideal for
immediate deployment. VRF stands out for its exceptionally low self-discharge rate,
allowing it to retain energy for long durations with minimal losses. Lead acid, being the
most mature technology, is well established, and widely understood, and familiar to both
the public and industry. Zinc-based batteries boast the highest energy density, offering
compact designs that make them ideal for space constrained environments. SSSH stands
out for its longevity, offering the longest operational lifespan before major refurbishments
are required.

The fact that each technology excels in a particular area highlights the diversity of LDES
solutions, reinforcing the notion that the best choice for PEI may not necessarily be the
optimal solution for other regions with unique energy needs and constraints.

2. Lithium-ion Similarities — Both lithium-ion chemistries, LFP and NMC, perform
similarly in this evaluation, benefiting from their maturity and established track record.
LFP leads with 5 green categories, while NMC follows closely with 3 green categories.
NMC’s lower ranking is due to its high cost and less stable market, primarily driven by
the more limited availability of nickel compared to lithium. However, nickel mining is
considered more ethical and less environmentally damaging, which is an advantage. A
key takeaway is that both technologies use the same power conversion equipment,
allowing them to act as backups for one another in case either chemistry has a supply
shortage.

3. Batteries vs. Thermal Storage — A clear contrast exists between battery and thermal
storage technologies across several categories. Batteries, being more mature, have been
widely tested and deployed, while thermal storage remains in development, with
researchers focused on scalability for grid applications. In terms of cost, batteries are
more expensive to scale on the energy side but have lower-cost power conversion
equipment, while thermal storage is cheap to scale in energy but has expensive power
conversion systems. Thermal storage tends to be more durable, designed for long-term
use, whereas battery facilities are limited by the lifespan of their chemical components.
Thermal storage suffers from greater efficiency losses due to thermal inefficiencies, while
batteries generally have higher efficiency and lower operational costs, making them
easier and cheaper to maintain. The two technology categories display complementary
strengths: where batteries excel, thermal storage tends to fall short, and where thermal
storage performs best, batteries often have limitations.
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2.5 Levelized Cost of Storage Results & Analysis

The levelized cost of storage for the six technologies was analyzed for two different durations,
10 and 24 hours.

2.5.1 LCOS Results & Observations for 10-hour Duration Applications

Table 3 presents the LCOS calculation process for each of the six LDES technologies, enabling
the final LCOS values to be determined and compared across the technologies for a 10-hour
discharge duration.

X S<CcCHwWIIPOvVOZ2Z2rxR-—=—IOCTMOUOUO®WD>D

Equation LFP nvec | ver | A | z8 | sssw
Output Power (kW) Assumed 1 1 1 1 1 1
System Duration (Hours) Assumed 10 10 10 10 10 10
Sales per Cycle (kWh) A*B = 10 10 10 10 10 10
Usable Capacity (%) Assumed™ 80% 80% 80% 80% 80% 80%
Energy Capacity (kWh) C/D= 12.5 12.5 12.5 12.5 12.5 12.5
Energy CapEx (S/kWh ..s) | PNNLReport 374 422 542 505 538 221
Total Energy CapEx (S) E*F = 4675 5275 6775 6313 6725 2763
Power CapEx ($/kW,4teq) PNNL Report 109 109 191 153 124 2063
Total Power CapEx (S) A*H = 109 109 191 153 124 2063
Total Project CapEx (S) G+l = 4784 5384 6966 6466 6849 4826
Calendar Life (Years) PNNL Report 16 13 12 14 18 34
WACC (%) Lazard Report |  7.7% 7.7% 7.7% 7.7% 7.7% 7.7%
Annuity Payment ($) Formula 530 670 910 771 716 404
OpEx (S/kW-year) PNNL Report 18 21 21 22 24 70
Potential Cycles per Year Assumed* 365 365 365 365 365 365
Operating Days per Year |Lazard Report™ 350 350 350 350 350 350
Elec Sold (kWh/year) C*O*(P/365) 3500 3500 3500 3500 3500 3500
RTE (%) PNNL Report 85% 85% 65% 79% 71% 49%
Elec Purchased (kWh) Q/R= 4118 4118 5385 4430 4930 7143
First Year Elec Cost ($/kWh) | Lazard Report | 0.088 0.088 0.088 0.088 0.088 0.088
Total Elec Costs ($/year) S*T= 362 362 474 390 434 629
Total Costs ($/year) M+N+U = 911 1053 1405 1183 1173 1103
LCOS ($/kWh) Vv/Q= 0.260 0.301 0.401 0.338 0.335 0.315
Electricity Price Arbitrage Ratio W/T= 2.96 3.42 4.56 3.84 3.81 3.58

*Usable capacity is set at 80% to reflect typical operational limits and PEI-specific grid-needs
*For LCOS, 365 annual cycles are assumed for 10 h storage, reflecting daily-use potential in grid load-shifitng
or renewable balancing applications
*Following Lazard 2021 LCOS report metodology, 350 cycles per year are assumed for daily-cycled storage

systems, as the 2024 edition does not specify this input

Table 3: 10-Hour LCOS Results

For 10-hour storage durations, the LCOS analysis and evaluation revealed an observable
hierarchy amongst the LDES technologies. This allows us to rank and assess each technology’s
LCOS performance as follows:
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1. Lithium Iron Phosphate (LFP): This technology had the lowest LCOS due to its low
CapEx, solid RTE, and long lifespan. Combined with low OpEx cost and high maturity,
LFP remains ideal for daily wind shifting, reliability, support and acting as a modest
backup. The technology is affordable, and ready for vast deployment today.

2. Nickel Manganese Cobalt (NMC): The second type of lithium-ion battery chemistry
assessed ranks just behind LFP in terms of LCOS, due to it being slightly more expensive
and shorter-lived. However, NMC remains a viable fallback if LFP supply is constrained
as the technology shares compatible infrastructure.

3. Solid State Sensible Heat Storage (SSSH): The one thermal storage technology
analyzed in this study benefits from a low costing energy CapEx and long-life span,
resulting in the technology having a good LCOS. However, high power CapEx and poor
RTE limit it to things like bulk shifting and overnight flattening, reducing its versatility
and performance for fast dispatch during peak demand.

4. Zinc Based (ZB): These batteries offer good density, decent lifespan, and fair efficiency,
giving them a middle of the road LCOS. With some improved economics and scale, they
could be ideal for modular, land-constrained deployments due to their high energy
density.

5. Lead Acid (LA): With limited CapEx benefits and short lifetime, lead acid batteries
showed a higher LCOS. These batteries remain as a legacy option, best suited for low use
backup scenarios, and not so much future ready grid applications.

6. Vanadium Redox Flow (VRF): This battery had the highest LCOS driven by high
CapEx and low RTE. Still, it’s 100% usable capacity and excellent self-discharge
performance keeps the technology as a strong, but expensive, candidate for multi-day or
seasonal shifting.
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2.5.2 LCOS Results & Observations For 24-Hour Duration Applications
Table 4 presents the LCOS results for a 24-hour discharge duration across the analyzed LDES

technologies. These results are compared to the 10-hour storage results, highlighting the

differences.

XS<cHwxPOvO2Z2Zrx=-=—IOTMOUOU®D>P

Equation P | Nmc | wRe | A | oz | sssH
Output Power (kW) Assumed 1 1 1 1 1 1
System Duration (Hours) Assumed 24 24 24 24 24 24
Sales per Cycle (kWh) A*B= 24 24 24 24 24 24
Usable Capacity (%) Assumed® 80% 80% 80% 80% 80% 80%
Energy Capacity (kWh) C/D= 30 30 30 30 30 30
Energy CapEx ($/kWh,...s) | PNNLReport 374 422 542 505 538 221
Total Energy CapEx (S) E*F = 11220 12660 16260 15150 16140 6630
Power CapEx ($/kWeq) | PNNLReport 109 109 191 153 124 2063
Total Power CapEx (S) A*H= 109 109 191 153 124 2063
Total Project CapEx (S) G+l = 11329 12769 16451 15303 16264 8693
Calendar Life (Years) PNNL Report 16 13 12 14 18 34
WACC (%) Lazard Report 7.7% 7.7% 7.7% 7.7% 7.7% 7.7%
Annuity Payment (3) Formula 1255 1589 2149 1824 1699 728
OpEx ($/kW-year) PNNL Report 18 21 21 22 24 70
Potential Cycles per Year Assumed*® 52 52 52 52 52 52
Operating Days per Year | Lazard Report* 350 350 350 350 350 350
ElecSold (kWh/year) C*O*(P/365) 1197 1197 1197 1197 1197 1197
RTE (%) PNNLReport | 85% 85% 65% 79% 71% 49%
Elec Purchased (kWh) Q/R= 1408 1408 1841 1515 1686 2442
First Year Elec Cost ($/kWh)| Lazard Report 0.088 0.088 0.088 0.088 0.088 0.088
Total Elec Costs (S/year) S*T= 124 124 162 133 148 215
Total Costs (S/year) M+N+U = 1397 1734 2332 1979 1872 1013
LCOS ($/kWh) V/Q= 1.168 1.449 1.949 1.654 1.564 0.846
Electricity Price Arbitrage Ratio| W/T = 13.27 16.46 22.15 18.79 17.77 9.62

*Usable capacity is set at 80% to reflect typical operational limits, even for 24-hour durations, and to align

with PEl-specific grid-needs

*For LCOS, 52 annual cycles are assumed for 24 h storage, allowing sufficient time for full charge-discharge

under realistic grid and renewable conditions

*Following Lazard 2021 LCOS report metodology, 350 cycles per year are assumed for daily-cycled storage

systems, as the 2024 edition does not specify this input

Table 4: 24-Hour LCOS Results

When comparing with the 10-hour results, there are a few key takeaways as follows:

e Increasing system duration from 10 to 24-hours leads to a notable rise in the total project
CapEx across all technologies due to the large energy capacity required, while power

costs remain unchanged.

e Technologies with longer calendar life, and lower CapEx, such as SSSH and ZB, benefit
more at this duration, whereas short-lived or expensive chemistries, like VRF, are
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penalized. This is why SSSH becomes the cheapest technology at this duration, ZB
improves, and VRF becomes more expensive.

e The electricity price arbitrage ratio remains favourable for all options, especially LFP and
SSSH, suggesting that even at higher LCOS, revenue opportunity remains strong for
long-duration applications.

3. Part II: Grid Characterization

This section of the report focuses on integrating LDES across PEI by modelling regional
differences in renewable energy performance and transmission capacity. For a more practical
application within the ACES model, the province is divided into two distinct regions. The
insights and data gathered here will directly inform the next phase of the study.

3.1 Regional Divisions

Before evaluating LDES potential across PEI using the ACES model, the province is divided into
regions based on factors such as population density, demand clusters, transmission infrastructure,
and existing renewable energy generation. This regional breakdown allows for a detailed analysis
of where LDES can provide the most value and support renewable energy generation. For
simplicity in spatial modeling, all land, including farmland, protected areas, and Indigenous land,
was considered eligible for LDES deployment. Due to PEI’s small size, regional averages were
used for performance and feasibility assessments, minimizing cost variation across regions.

3.1.1 Population & Demand

Figure § illustrates PEI divided into two regional zones, based on population density and demand
areas®. The two main population centers, Summerside and Charlottetown, serve as the primary
load and distribution hubs within their respective zones due to their higher population densities.
This division allows for a theoretical allocation of generation, with the western part of the island
serving Summerside and eastern part serving Charlottetown, while transmission between the
regions is used when needed.

8 Province of Prince Edward Island Population Density. [Digital Image]. ESRI Canada.
https://map-calendar-esricanada.hub.arcgis.com/pages/dec-2024
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Figure 8: PEI Population Density

The total 2024 PEI population broken down by each region is shown in 7able 5 [14]. A further
detailed regional analysis is available in the supplmentary material.

1: Summerside | Everything west of Victoria (excluding) 51 839 29%
2: Charlottetown | Everything east of Victoria (including) 126 711 71%

Table 5: PEI Population Regional Breakdown

3.1.2 Transmission Capabilities

Each region was established to reflect major transmission corridors, ensuring that each has at
least one connection to the province’s high voltage backbone. Substations served as natural
dividers, since their locations often mark transmission points in capacity and distribution flow.
These boundaries avoid splitting zones served by a single substation, maintaining internal
consistency for modeling purposes. Figure 9 displays each region on top of a transmission
distribution and line capacity map’.

° PEI Open Infrastructure Map [Digital Image]. Open Infra Map.
https://openinframap.org/#7.5/46.346/-63.593
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Figure 9: PEI Transmission Map

3.1.3 Existing Energy Resources

The location and scale of existing generation sites were key factors in defining the zone
boundaries, as they indicate areas where the grid is already reinforced and capable of supporting
additional LDES integration. Figure 10 presents a map highlighting each power generation site
across the province, showing which region each site belongs to'®. Additionally, Figure 11
provides a detailed breakdown of the generation capacity and the types of generation occurring
in each region, helping to characterize the island’s grid.

19 Prince Edward Island’s Energy Resources. [Digital Image]. Atlantica Centre For Energy
https://www.atlanticaenergy.org/energy-knowledge-centre/energy-maps/prince-edward-islands-energy-resources/
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Total Generation Capacity is 424 MW

Region Installed Generation
& Capacity (MW) | Capacity Share

1 238.04 56%
2 186.48 44%
Entire Province Region 1 Region 2

m Wind m®mSolar m Biomass ® District Energy System m Diesel

Figure 11: PEI Generation Breakdown
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3.2 Transmission Corridors

When dividing the island into two separate regions, it is crucial to account for the transmission
corridor along the regional boundary to ensure the model’s accuracy. This is done by considering
factors such as line voltage, assumed current, and interface length, which together help
characterize the corridor’s transfer capability and cost. These values highlight the physical
constraints that influence where and how energy projects can connect to the grid. The following
rules were used to calculate these characteristics:

1. Transmission Capacity Limits at Region Boundaries
o The capacity at the interface is determined by summing the estimated capacity of all
transmission lines crossing the boundary. The line capacity is calculated using the
equation:
Power = V3 x Line Voltage X Line Current X Power Factor
o Assumes Power Factor = 1
o 69 kV lines: ~600 A — 72 MW
o 138 kV lines: ~900 A — 215 MW
2. Distance Between Regional Substations
o The straight-line distance between major substations at the regional boundaries is
measured using Open Infrastructure Map and Google Earth.
3. CapEx Estimation
o The capital expenditure is estimated based on the cost per unit of transfer capacity
over the distance.

By applying these metrics, the transmission constraints are accurately reflected, improving the
system planning within the ACES model. The results for these values across the interface are
shown in Table 6.

502
14
1100

Table 6. Transmission Corridor Values
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3.3 VRE Resource Potential

Wind generation potential for PEI was assessed using ERAS global reanalysis data, providing
hourly weather information for the year 2024 at a resolution of approximately 25 km x 50 km
[15]. This data is integrated into NREL’s reV model, allowing for a detailed representation of the
island’s wind resources and their potential integration into the energy system.

To calculate wind generation potential, capacity factors were determined using turbine-specific
power curves that link wind speeds to power output, ensuring that performance is accurately
accounted for. The model also calculates the LCOE by factoring in the wind speeds at each
location and the proximity to existing transmission infrastructure. This approach provides a
comprehensive assessment of wind generation costs across the island.

The analysis results are divided into the two previously determined regional zones, with averages
taken across all cells within each zone. This enables a clear understanding of the spatial
distribution of wind resources and highlights the areas where wind generation is most
economically viable. The grid cells are then analyzed for their wind resource strength and the
associated costs of connecting these resources to the grid, using estimated interconnection costs
based on the distance to existing transmission infrastructure, similar to the process in Section 3.2.

The final output, as shown in Figure 7, visually represents the LCOE across PEI. The map
highlights areas where wind generation is cheapest and most feasible, capturing both the strength
of the wind and the accessibility of the grid. 7able 7 also shows the average for each region of
the estimated capacity factor, LCOE, and CapEx. This comprehensive analysis allows for
identifying optimal areas for wind energy development, ensuring the model recognizes the most
cost-effective deployment of wind resources on the island.

2025 Wind LCOE in PEI ($/MWh)
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Figure 12: PEI Wind Potential LCOE
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47 40
52 61
1856 1789

Table 7: PEI Wind Potential Averaged Metrics

Note: This process was not applied to solar, as the model ACES model is primarily focused on
optimizing wind-heavy resource logistics. For solar, the pre-determined capacity factors and
spatially mapped solar irradiance potential, which are already integrated into the ACES model,
will be used to assess solar generation potential across the island.

4. Part III: Power System Modelling with Long
Duration Energy Storage

This section outlines the ACES model and integrates the data from Parts I and II, enabling the
design of scenarios to evaluate the impact of LDES on PEI’s energy system through 2050.

4.1 ACES Model Background & Overview

ACES is an advanced capacity expansion tool developed for Atlantic Canada’s clean energy
transition by Net-Zero Atlantic. The model aims to provide evidence-based insights to guide
policymakers, utilities, and stakeholders in building a reliable, low-carbon energy system across
the region. By simulating various energy pathways, ACES helps to evaluate and optimize the
integration of renewable energy resources, storage, and transmission systems in a way that meets
future electricity demand while minimizing cost.

Built using Temoa (Tools for Energy Model Optimization and Analysis), ACES enables the
simulation of least-cost decarbonization pathways while ensuring system reliability. It evaluates
the most efficient mix of generation, storage, transmission, and imports under various policy,
technical, and operational constraints, allowing for the development of a comprehensive strategy
to meet long-term energy goals.

The ACES model has been specifically customized for PEI’s energy system, integrating the
island’s unique energy data, policies, and more. This adaptation allows for an in-depth analysis
of LDES technologies and their potential role in PEI’s grid development, supporting the
transition to a net-zero future. By simulating the economic and technical feasibility of various
energy resources, the model provides valuable insights into PEI’s decarbonization pathways.
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4.2 ACES Model Policy and Structure

For this study, the customized version of ACES includes several key policy measures and
operational factors relevant to PEI’s energy landscape:

e Clean Electricity Regulation (CER): Reflects the federal goal of achieving a net-zero
electricity grid by 2035

e PED’s Net-Zero Emissions Target: Considers PEI’s specific target for net-zero
emissions by 2040, aligning the model with the province’s long-term decarbonization
objectives

e Grid Integration Limits: Considers PEI-specific limits on the maximum share of
renewable energy, such as wind and solar, that can be integrated into the grid without
affecting system stability

The analysis focuses on PEI’s energy system from 2025 to 2050, with evaluations taking place
every five years, with each year modeled at an hourly resolution.

To make the modelling process more efficient, sequential optimization is used, where each five-
year period is optimized independently. Instead of optimizing the full 25 years at once, one
period at a time is simulated, starting in 2025 and moving through each subsequent year, using
results from the previous periods as fixed inputs. This approach offers several benefits:

o It mirrors real-world decision-making, where the distant future is often uncertain and
decisions are made with limited foresight

o It allows for a focused examination of near-term investments under conditions of
policy uncertainty, highlighting the impact of evolving regulations

o It reflects how energy infrastructure builds on itself over time, capturing the path-
dependent nature of development

o It significantly reduces computational load while maintaining the necessary hourly
detail

Each period’s simulation provides both capacity expansion decisions and corresponding
operational patterns, including how energy is generated, stored, and imported or exported. New
resources are introduced at each stage, ensuring the model reflects PEI’s energy evolution
through the study period.

4.3 Data Integration and Specifics

Before running the model, all necessary data had to be integrated to ensure an accurate
representation of LDES. The PEI-specific SQLite dataset was updated to include the latest
assumptions and data outlined in this report. This included values from the LDES soft screening
(excluding energy density and self-discharge), regional division details to establish two load
centers, updates to generation sites not previously included, and cost metrics related to the
transmission corridor between the regions. Additionally, the model was updated with the latest
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wind VRE data and LCOE calculations. These updates ensured that the dataset reflected the most
current information through the end of 2024, with accurate cost assumptions and economic
factors aligned with the latest findings.

With the model now accurately representing PEI’s energy system for 2024, the six LDES
technologies were incorporated as distinct storage methods. These technologies were configured
to be selected by the model when economically viable, providing options to support the grid.
With the updated model in place, it was ready for simulation, allowing for a comprehensive
analysis of how these LDES technologies perform under varying conditions.

5.Part I'V: Results Analysis & Strategic Insights

The final part of this study synthesizes the previous sections, applying the set methodology and
data found to simulate the impact of LDES on PEI’s energy grid. The model was tested across
three key scenarios:

1. LDES-ITC: In this scenario, LDES technologies are allowed to be deployed with
eligibility for the Clean Technology Investment Tax Credit (ITC), covering 30% of
refundable costs.

2. LDES: This scenario allows for the deployment of LDES technologies but without
federal or provincial financial support or tax incentives.

3. Base: No LDES technologies are permitted for deployment, although 2-hour and 4-hour
lithium-ion battery storage remains available for use.

These scenarios will help compare the performance of LDES technologies under varying
conditions, providing insights into their effects on generation capacity, use, costs, emissions, and
overall system dynamics.

It’s important to note that the LDES scenario, which models the deployment of LDES
technologies without the support of the federal Clean Technology Investment Tax Credit, yielded
no results different from the base scenario, which excludes LDES technologies altogether. This
suggests that without financial incentives, LDES deployment in PEI is not economically viable.
Therefore, the following analysis will focus on the two most relevant scenarios, the Base and
LDES-ITC scenarios, to accurately compare PEI’s energy system performance through 2050.
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5.1 Generation Capacity Results & Analysis

The model’s results for PEI’s generation capacity requirements through 2050 under the Base and
LDES-ITC scenarios are shown in Figure 13. They illustrate how 10-hour LFP battery storage
could reshape the province’s grid. With support from the federal ITC, significant deployment of
10-hour batteries begins around 2035 in the LDES-ITC scenario, while the Base scenario relies
primarily on short-duration 2-hour and 4-hour lithium-ion batteries.

Wind Expansion & Storage Integration: By 2035, major new wind projects drive surplus
generation, creating an opportunity for storage to capture excess electricity. While both scenarios
add similar amounts of wind capacity, the LDES-ITC case integrates 0.21% more to improve
LDES charging. Despite high near-term lithium costs, both scenarios introduce storage around
2035 to begin cycling energy and prepare the grid for deeper adoption as prices fall.

BECCS Integration: Both scenarios incorporate BioEnergy Carbon Capture and Storage
(BECCS) by 2030, adding 56 MW of firm capacity. This strengthens system reliability while
removing emissions, and the model identifies BECCS as a critical near and long-term resource.

Solar Impacts: By 2050, the Base scenario shows higher solar penetration, with capacity
consistent across both scenarios until 2045. At that point, the LDES-ITC scenario shows 21.5%
less solar capacity than the Base scenario. Without LDES, the Base scenario relies on solar to
cover peak demand during low-wind periods. In contrast, the LDES-ITC scenario leverages 10-
hour batteries to shift wind into peak hours, providing firm supply while reducing dependence on
variable solar.

Diesel Reduction: LDES also reduces fossil fuel reliance. By 2050, the LDES-ITC scenario
requires 4% less diesel generation capacity than the Base scenario, as 10-hour storage supports
peak shaving and firm dispatch, reducing the need for diesel peaker plants during stress events.

Table 8 and Table 9 provide the year-by-year installed storage capacity for both scenarios,
complementing the results in Figure 13. This demonstrates how ITC-driven adoption of 10-hour
LFP battery storage leads to greater overall storage integration in the LDES-ITC scenario than
the Base scenario, which remains limited to short duration batteries.

Wind Energy Institute of Canada 41



BASE LDES-ITC

1 1
0.8 0.8
% 0.6 0.6
o>
o
[0
O
B 0.4 0.4 -
2035 2040 2045 2050 2022 2025 2030 2035 2040 2045 2050
Year
LFP Battery Storage (10 hr) I Diesel CT Wind (Onshore;
Battery Storage (2hr) Solar PV (Utility Scale)
B Battery Storage (4hr) BECCS

Figure 13: Capacity Results

Storage Capacity - BASE

Table 8: Storage Capacity - Base Scenario

Storage Capacity - LDES-ITC

Table 9: Storage Capacity - LDES-ITC Scenario
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5.2 Annual Generation Results & Analysis

The annual generation results for the Base and LDES-ITC scenarios are shown in Figure 14,
providing a clear view of how different resources contribute to meeting PEI’s electricity demand
through 2050. These results build on the capacity findings in Section 5.1 by highlighting which
resources are dispatched to the grid.

Wind Dominance: In both scenarios, wind remains the backbone of PEI’s electricity system,
accounting for roughly 80% of total annual generation from 2035 onward. While wind provides
abundant energy, its variability underscores the importance of complementary resources that can
balance supply during periods of low output.

Storage Activity: The LDES-ITC scenario shows substantially greater energy storage dispatch
than the Base scenario, reflecting the ability of 10-hour LPF batteries to shift wind energy into
peak demand periods. In 2050, the LDES-ITC scenario shows that LFP battery storage provides
about 1.7% of annual generation, compared to just 0.46% from 2-hour and 4-hour lithium-ion
battery storage in the Base scenario. The long-duration flexibility reduces reliance on solar
generation, as seen in Section 5.1, and enables fuller utilization of PEI’s wind capacity.

Decreased Diesel Activity: Both scenarios show a declining role for diesel, with plants
contributing no more than 2.5% of annual generation from 2035 onward, primarily as backup
during extreme peaks. The LDES-ITC scenario further reduces diesel use by about 5% relative to
the base scenario, as LDES provides firm capacity during high demand periods that short
duration systems cannot cover. This highlights diesel’s transition from a regular contributor to a
last-resort emergency resource.

The precise annual generation values for storage in both scenarios are provided in 7able 10 and
Table 11, complementing the broader trends illustrated in Figure 14.
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Figure 14: Generation Results
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5.3 Hourly Generation — Sample Days — Results & Analysis

Hourly generation was assessed for four representative days using ACES’ estimated demand,
January 2™ (holiday peak), March 21° (winter), May 9% (spring), and July 16" (summer). This
seasonal mix captures both high-demand and typical conditions. Results were compared between
2025'" and 2050 to evaluate how generation evolves and how LDES affects the system.

In 2025, the Base and LDES-ITC scenarios are identical since no storage has been deployed. By
2050, major changes emerge, especially with the use of 10-hour LFP batteries in the LDES-ITC
scenario. Hourly generation in later years is set to match provincial load, when possible, with any
excess generation assumed to be exported to New Brunswick. On extreme winter peaks where
generation on the island can’t meet demand, diesel backup may still be required, though rarely
beyond 2035, with imports covering shortfall'.

Rising Demand: By 2050, the province’s peak hourly generation nearly doubles compared to
2025. This increase is driven by population growth and electrification of homes, vehicles, and
industries. Meeting this higher demand will depend on significant wind capacity expansions as
observed in Section 5.1, requiring aggressive project development in the coming years.

The Role of Storage: In the Base scenario, 2-hour and 4-hour lithium-ion batteries discharge
during daily peaks or periods of low wind and solar output. They reduce the need for diesel
generation and imports but provide only short-duration coverage. In the LDES-ITC case, 10-hour
LFP batteries take on a much greater role, covering longer periods of low VRE availability. On
high-demand days such as January 2", extended discharge from these batteries significantly
reduces diesel use and the already minimal reliance on imports from New Brunswick.

VRE Resource Substitution: During moderate-demand days in March and May, both scenarios
are able to meet provincial demand, but they do so differently. The Base scenario leans heavily
on wind and solar generation, while the LDES-ITC scenario strategically discharges its long-
duration batteries over an extended period. This substitution reduces variability and provides
steadier supply, even though diesel generation is not required in either case on these days.

Overall, long-duration LFP batteries improve grid stability, reduce fossil fuel reliance, and
enhance PEI’s energy self-sufficiency. Their ability to provide extended coverage strengthens
resilience during peak demand and further supports the province’s renewable-based system.
Figure 15 illustrates hourly generation under both scenarios.

" For 2025 hourly generation, the province’s load demand is derived from a 2024 ACES model estimate rather than
actual hourly generation and daily demand observed that year.

2 Imports and exports are implied in the graphs but not showed explicitly. This study focuses only on PEI’s
generation capacity and usage.
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Figure 15: Hourly Generation Results
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5.4 Emissions Results & Analysis

The model’s results for emissions, measured in COze (Carbon Dioxide Equivalent), are shown in
Figure 16. Both the Base and LDES-ITC scenarios produce nearly identical outcomes, indicating
that LDES alone does not dramatically alter PEI’s emissions pathway.

LDES Impact: Deployment of 10-hour LFP batteries provides modest emissions benefits,
reducing COze by about 0.3% (~1.4 kt annually). While incremental, this reduction reflects
improved renewable utilization and reduced diesel reliance.

BECCS Contribution: The most major step the model shows PEI making to reduce emissions
output occurs in 2030 with the introduction of 56 MW of BECCS as shown in Section 5.1. This
resource offsets approximately 651 kt of COze annually, marking the single most significant
emissions reduction in the model.

Residential Transition: By 2040, electrification of appliances and efficiency improvements
eliminate nearly all residential heating emissions, advancing PEI closer to its net-zero goal.

Remaining Sectors: By 2050, emissions decline to approximately 338 kt, primarily from
agriculture and transportation. Agriculture remains difficult to decarbonize, though methane
reduction technologies show promise. Transportation is expected to benefit in years to come as
advancements in heavy-duty vehicle electrification matures globally.

Looking ahead, the model shows that with the introduction of BECCS and continued progress in
agriculture and transportation, PEI may have the potential to not only achieve net-zero emissions
but also become carbon negative, removing more carbon from the atmosphere than it emits.
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Figure 16: Emission Results
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6. Conclusions and Strategic Insights

This study explored the potential of long-duration energy storage in supporting PEI’s energy
needs. A thorough technical screening of various LDES technologies was conducted, focusing on
their economic and performance metrics. Using advanced power system modeling, this study
examined how these technologies could help PEI meet its energy demand, achieve clean energy
and emission reduction targets, and support long-term sustainability goals through 2050. The
analysis provides key insights and actionable recommendations for policymakers, utilities, and
other stakeholders to guide future energy planning.

6.1 Key Model Findings

The model highlighted the strong potential of 10-hour LFP batteries for reshaping PEI’s grid.
They were the most suitable LDES option, with their deployment ramping up after 2035 under
the federal ITC. In contrast, without incentives, the Base scenario relies mainly on short duration
2-hour and 4-hour lithium-ion batteries. More specific findings are as follows:

Capacity & Integration: By 2035, new wind projects drive surplus generation in both
scenarios, but only the LDES-ITC case incorporates significant LDES deployment. BECCS is
added in both cases by 2030, providing 56 MW of firm capacity. By 2050, the LDES-ITC
scenario installs more overall storage and 21.5% less solar capacity than the Base scenario, since
LDES batteries shift wind output into peak hours instead of depending on solar. The LDES-ITC
scenario also allows for a slight increase in wind generation, 0.21% more than the Base scenario.

Generation Mix: Wind remains the backbone of PEI’s system, providing ~80% of annual
generation after 2035. In 2050, storage contributes 1.7% of total supply in the LDES-ITC
scenario compared to just 0.46% in the Base case, showing how 10-hour batteries better utilize
wind energy. Diesel’s role shrinks in both scenarios, but by 2050 the LDES-ITC pathway
requires 4% less diesel capacity and cuts annual diesel dispatch by a similar margin, turning
diesel into a true last resort backup.

Hourly Reliability: On high-demand winter days in 2050, 10-hour LFP batteries in the LDES-
ITC scenario provide extended coverage, reducing imports from New Brunswick and minimizing
diesel use. In contrast, short-duration batteries in the Base scenario can only meet brief peaks,
leaving the system more exposed to variability.

Emissions: LDES delivers incremental but meaningful emissions benefits. By 2050, LDES
reduces COze output by ~0.3% (around 1.4 kt annually) by displacing diesel and enabling fuller
renewable utilization. Residential heating emissions are nearly eliminated by 2040 through
electrification, while agriculture and transportation remain the largest emitting sectors. The
model shows PEI could achieve net-zero by mid century, with potential to go carbon-negative if
agriculture and transport reductions accelerate.
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With ITC support, 10-hour LFP batteries complement wind, reduce solar dependence, displace
diesel and imports, and modestly lower emissions. The model shows that the inclusion of LDES

can strengthen reliability and set PEI on a pathway toward a cleaner, more self-sufficient grid.

6.2 Strategic Recommendations for Advancing LDES in PEI

Based on the findings of this study, several strategic recommendations can be made to facilitate

the deployment of LDES in PEI and improve the island’s energy grid for long-term sustainability

and performance:

1.

Site Selection Assessment: Conduct a comprehensive engineering analysis to identify
optimal locations for LDES facilities. These should be strategically positioned near
existing or planned wind farms, substations, and load centers to maximize grid efficiency.
Additionally, environmental assessments and land surveys must be carried out to ensure
little to no negative impacts on the island’s natural environment or local communities.
Establish the LDES Operational Framework: Collaborate with local utilities to
develop a clear framework for integrating large-scale battery storage into PEI’s electricity
market. This includes defining capacity values, grid stabilization needs, and system
integration practices to ensure efficient operation and maintenance of the LDES facilities.
Policy Development and Public Engagement: Engage with provincial and federal
governments to identify necessary legislative and regulatory adjustments for the
integration of LDES technologies. Public outreach and collaboration with stakeholders
are essential to build support, raise awareness of the benefits of LDES, and ensure
transparency in the decision-making process. This will help align public perception and
foster collaboration among developers, contractors, and consumers.

Financial Strategy and Sourcing: Explore partnerships with reputable suppliers to
acquire the technology at competitive and ethically sourced prices. It is crucial to strike a
balance between economic viability and the responsible sourcing of lithium or other
critical materials, prioritizing Canadian manufacturing and procurement where possible.
Grid Integration and Planning: Conduct an advanced assessment of PEI’s electricity
grid to determine necessary infrastructure upgrades for integrating LDES. This includes
transmission planning, ensuring grid stability, and evaluating the need for synchronous
condensers or other grid-forming technologies to support higher renewable penetration.
Monitoring Other Options: While 10-hour LFP batteries are identified as the optimal
solution for PEI, it’s important not to focus exclusively on this technology. Continuous
monitoring of emerging energy storage technologies, market trends, and battery
chemistry developments will help ensure that PEI remains adaptable and ready to
incorporate new advancements, such as longer-duration storage, which is expected to
become the global standard.

In conclusion, PEI should prioritize the deployment of 10-hour LFP battery storage by around

2035, aligning with the anticipated wind generation capacity developments around that time.
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This will enable a large-scale reduction of energy import reliance and enhance the efficiency of
wind (and some solar) generation. As the global energy industry shifts toward longer-duration
storage, PEI must remain proactive in tracking advancements in LDES technologies to ensure
flexibility and readiness for future developments in the energy sector.

6.3 Final Observations

The modelling results clearly show that the inclusion of LDES, in this case 10-hour LFP battery
storage, can materially change the operation of PEI’s electricity system. The technology enabled
greater utilization of existing and new wind generation, reduced needed energy imports, and
lowered net system emissions. While other storage technologies were assessed, only LFP
appeared in the model results, aligning with observations from the pre-emptive technology
screening. Looking forward, these results suggest that targeted deployment of LFP-based storage
could be a practical step toward PEI’s 2040 net-zero goal, even if it does not fully close the gap.
Real-world performance, evolving market conditions, and policy incentives will ultimately
determine how much of this potential is realized. Continued analysis, expanding the range of
technologies tested, and assessing siting and integration constraints will help ensure storage
investments deliver maximum system and environmental benefits in the future.
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