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participated in the preparation of this document for the sole use of Nova Scotia Power Inc. (NSPI)
(“Client”), and for the intended purposes stated in the agreement between MHI and the Client pursuant
to which this document was completed.

The content of this document is not intended for the use of, nor is it intended to be relied upon by any
person, firm, corporation or other governmental or legal entity (each a “Third Party”), other than the
Client. MHI makes no warranty, express or implied, to any Third Party in relation to the contents of this
document, including any conclusions or recommendations.

The use of or reliance on this document by any Third Party shall be at its own risk, and MHI accepts no
responsibility or liability for the consequences of this document being used or relied upon by such Third
Party. Any Third Party will, by such use or reliance, be taken to have confirmed its agreement to:

(a) Indemnify MHI, its affiliates, and any person or entity acting on their behalf (“Indemnitees”), for all
losses, costs, damages or expenses suffered or incurred by the Indemnitees as a result of such Third
Party’s use or reliance on this document; and

(b)  Release the Indemnitees from any and all liability for direct, indirect, special or consequential
damages (including but not limited to loss of revenue or profit, lost or damaged data, loss of
goodwill or other commercial or economic loss) suffered or incurred by the Third Party, or for those
at law for whom it is responsible, as a result of its or their use or reliance on this document whether
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Executive Summary

Nova Scotia is on a path to build a cleaner, greener future for the province, phasing out coal and working
towards 80% renewable energy by 2030. Inverter-based generation will displace conventional
synchronous machine-based power generation. This will introduce significant technical challenges that
can be identified through careful planning and detailed studies, and mitigation measures implemented to
ensure safe and reliable operation of the electric system.

The system studies scope to understand the system requirements to meet an 80% renewables target for
Nova Scotia includes full EMT study results. However, due to delay in getting adequate plant models, it
was determined that the initial findings and recommendations should be published immediately. An
updated report will be published when the EMT studies are complete.

First stage studies and consultation with industry experts provided the following findings and
recommendations:

Primary Finding

NSPI can incorporate renewables, in particular inverter-based resources (IBRs) such as wind, limited only
by the load to be served and the best economic dispatch to meet environmental requirements. There will
be technical challenges and the grid will need significant support as many legacy thermal plants are
phased out or converted to alternate fuels. That said, it is achievable with the existing and evolving
technologies.

A complete list of Findings can be found in Section 7.1.
Recommendations
Stable and Reliable Integration of Renewables

e Verify network response for high Rate of Frequency (RoCoF) system disturbances through EMT
simulations. Based on study to date, there are significant concerns for the ability of the existing and
future generation fleet to ride through high RoCoF events. The existing allowable RoCoF for NSPI
may be too high, which could lead to cascade tripping for loss of the NS/NB tieline under high import
conditions. It should be noted that when NSPI stays connected to the Eastern interconnection the
RoCoF will be low.

e Survey NSPI existing legacy generation plants and Distributed Energy Resources to confirm the
RoCoF ride through capabilities. If the survey identifies potential for widespread cascade tripping,
the existing RoCoF limit of 2.5 Hz/s on a 500ms sample time as a system design metric will require
further study to determine the system support needed to reduce the RoCoF to a limit that is
acceptable.
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e Regularly review and recommend updates to the Transmission System Interconnection
Requirements to address concerns identified during ongoing studies. MHI has provided
recommendations for additions and revisions to the existing requirements.

e Update Distribution System Interconnection Requirements to align with IEEE 1547-2018 Category 3
for RoCoF. It may be necessary to specify type and RoCoF requirements for future DER as there is
the possibility of a cascading tripping event under maximum RoCoF conditions.

e As existing wind contracts expire, where feasible, require additional inertia support and other
upgrades to meet the current grid code to avoid unnecessary operating restrictions. The
performance of many of these facilities in a high IBR grid is well below that expected of newly
connected facilities.

e Perform incremental studies for each wave of load and generation additions, and generation
retirements to the NSPI grid. The cases for the analysis for this report studied the 2030 grid with the
load as forecast in 2020. Due to the limitations of SCR as a planning metric, MHI recommends NSPI
conduct a full grid study in PSS®E and PSCAD™ for each wave of new IBR to be added to the NSPI
grid to identify transitory conditions or operational challenges. For the next wave of wind
integration, well before 2030, the studies would look at confirmed in service changes to the system
and updated load forecast. All system operating guidelines will need review, and many will need to
be updated, taking 1 to 2 years to complete for each review.

Resource Planning for High IBR Penetration

Update IBR and inertia constraints for resource planning based on the findings herein. At the present
time, studies indicate that there is no hard limit on IBR penetration and dispatch if there is adequate
frequency and system strength support online.

e Develop a sliding scale for Inertia/FFR and system load as an input to dispatch scenarios.

e The requirement for inertia to support the Nova Scotia grid is not completely removed with the
addition of a second tie. Specifically, inertia or its equivalent, will be required in the long term and
day ahead planning to maintain the SCMVA required for stable operation. The metric for the bullet
above should capture the requirement for inertia with two 345kV tielines in service.

e Until technology evolves such that all online generation resources provide SCMVA as with a
traditional grid, SCMVA to maintain System Strength at critical buses will be a new metric to input
into resource planning. It will need to be dynamically planned and dispatched in the future grid as
it will be highly dependent on the generation mix online.

Good Planning Practices to Integrate Renewables in Nova Scotia

e Perform an annual assessment of NSPI System Inertia and Strength in the 10-year horizon to identify
potential issues. See Section 2.2. Include FOR and planned maintenance outages in the assessment.
Confirm a unit outage can be managed with operating guidelines and/or out of merit dispatch.
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Document and publish updated model requirements for Load and Generation customers.

o It is recommended that NSPI publish specific model requirements for all load and generation
connecting to the NSPI system that will require detailed PSS®E and PSCAD modelling.

o It is recommended that NSPI publish a document outlining the model quality and dynamic
response tests performance required as validation for the submitted models.

Perform a system study of the expected load growth and hydro generation availability for western
Nova Scotia. For the planned 2030 grid, small hydro plants in the western area of the province must
run or some portions of the grid will disconnect and go offline due to low System Strength during
some simulated system disturbances. NSPI System Planning should assess whether additional
resources are required to address this concern.

Maintain existing SCMVA at benchmarked buses unless studies determine that lower levels do not
adversely impact NSPI customers.

System Operator Support to Transition to High IBR Grid

Develop a methodology to estimate the minimum SCMVA and SCR online prior to the addition of
additional IBR (WEC, BESS, HVDC etc.) to the NSPI grid.

Develop a methodology to estimate the inertia online to maintain the minimum required for a stable
grid prior to the addition of additional IBR (WEC, BESS, HVDC etc.) to the NSPI grid.

Review and update all operating guidelines, as required, for the NSPSO in advance of next round of
Transmission connected IBR (WEC, BESS, HDVC etc.) wind integration. EMT study will be required.

As noted in the introduction, the study scope includes full EMT study results. As generation and load
facility EMT models become available and studies are completed, an update with additional findings
on mitigations specific to Nova Scotia may be required to address fault ride-through, control
interactions, sub synchronous interactions, system oscillations, and other issues associated with

expanded IBR interconnections.

Black Start Restoration Planning

Review and assess potential Blackstart options for the planned 2030 grid, considering the
generation mix available a that time.
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Acronyms
Acronym Term
BES Bulk Electric System
BESS Battery Energy Storage System
Cl Control Interaction
EMT Electromagnetic Transient
FACTS Flexible AC Transmission System
FFR Fast Frequency Response
IBR Inverter Based Resource
LVRT Low Voltage Ride Through
ML Maritime Link
MHI Manitoba Hydro International
MW Unit of Active Power, MegaWatt
MVar Unit of Reactive Power, MegaVolt Amperes Reactive
NSPSO Nova Scotia Power System Operator
PLL Phase Locked Loop
PE Power Electronic
POI Point of Interconnection
RoCoF Rate of Change of Frequency
SCL Short Circuit Level
SCR Short Circuit Ratio
SCMVA Short Circuit MVA
SIR Synchronous Inertial Response
SIS System Impact Study
SSCI Sub-synchronous Control Interaction
SSTI Sub-synchronous Torsional Interaction
SvVC Static Var Compensator
WEC Wind Energy Converter
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Introduction

This document outlines the general planning criteria and recommendations to specifically address
large scale integration of Inverter Based Resources (IBRs) such as wind generation and grid scale
battery projects.

Results and observations from the ‘first stage’ assessments and studies are also included in this
report.

1.1 Background

Most power systems in North America, Europe, Australia, and the Middle East have seen increased
penetration of renewable energy-based generation of from 10% to 30% over the past decade. In
2021, close to 30% of NSPI electricity came from renewable resources and NSPI is working towards
80% by 2030. This will introduce significant technical challenges that can be identified through
careful planning and detailed studies, and mitigation measures implemented to ensure safe and
secure operation of the overall system.

Large-scale penetration of renewable inverter-based generation will displace conventional
synchronous machine-based power generation. This has the potential to lower the overall system
inertia and will result in lower short circuit levels at the Point of Interconnection (POI) of renewable
resources. Renewable resources, such as wind, are interfaced to the power system via power
electronic (PE) inverters. Operation of inverter-based equipment under low inertia and low short
circuit conditions is challenging. Specific challenges include fault recovery response, unstable
oscillatory interactions, and potential impact on torsional oscillations of thermal generating
units. Most of the technical challenges associated with PE inverter-based generation connections
can be related to the conditions of the network in a local area. However, as overall IBR generation
penetration levels reach significant levels (say over 50%), the technical issues can impact the
stability and the security of the power system.

1.1.1 Frequency Control

In an electrical system, generation and load must be balanced at all times to maintain system
stability. Load is the demand for electricity at any instance in time. Generation is the electrical
energy to supply the load at that instance in time. The generation can be within Nova Scotia or
imported from a neighbouring utility.

If the load (MW) and generation balance is not maintained the system frequency, 60Hz in North
America, will fluctuate and equipment may trip, or electrical power swings may occur. The Rate
of Change of Frequency (RoCoF) can also impact system performance. A high RoCoF can make
it difficult for equipment in the network to stay connected or operate stably.
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For a system disturbance, such as following a lightning strike resulting in a generator or line trip,
the challenge is to ensure that the remaining equipment operates stably, without tripping, and
helps the system reach a stable state within timeframes specified in grid codes or accepted as
general industry standard.

Traditional synchronized generators resist a change in frequency as they are large machines
with a very heavy rotating mass inherent to their design. The heavy mass continues to rotate at
close to 60Hz for up to a few seconds after a system interruption and acts to resist the frequency
change in the grid due to the changing conditions. This is known as Synchronous Inertial
Response (SIR) and measured in units of MW#*s. These generators “drag” the grid along at
around 60Hz, helping system stability from a frequency perspective over the short duration.
This short duration support allows online generation to adjust their MW output to balance the
load and further stabilise the system.

Newer renewable resources such as wind, solar and batteries generate DC current which is
inverted to a 60Hz AC supply in Nova Scotia. Such a plant will often be referred to as an Inverter
Based Resource (IBR). Typically, they do not have a heavy rotating mass directly connected to
the AC grid and do not inherently support system frequency swings (the inverter acts to
decouple inertia of the generator, even in the case of wind energy). Thus, IBR based plants do
not provide the natural SIR that the traditional synchronous machines provide.

However, there are IBR facilities that can be designed and programmed to produce active power
very fast to arrest a change in frequency, (on time frames close to SIR support and synchronous
unit response times) following a disturbance. Different IBR technologies and control
methodologies can provide this type of fast power injection within the relevant time frames to
avoid activation of load tripping and to recover system frequency to nominal values in a
reasonable amount of time [1]. It should be noted that such response is not inherent to IBR
connections in the way it is inherent to synchronous machines. Such responses can be
considered “simulated” or “virtual” responses through appropriate control system extensions.

If the frequency deviations can be well damped and RoCoF managed to allow the system load
and generation to remain online, system stability will be maintained.

1.1.2 System Strength

In an electric system, to be able to transmit power to the customer load, the voltage level on
the transmission grid must be maintained within a specific range. When there is a system
disturbance, such as lightning striking electrical equipment, a short circuit can result and current
will flow into the faulted path. The amount of current that flows into the faulted path is known
as short circuit current and referred to as Short Circuit Level (SCL) at a particular point on the
grid. While SCL is a measure of current, it can also be calculated as Short Circuit MVA (SCMVA).

The general term used for the ability of the system to withstand voltage events is System
Strength, measured as SCMVA. Historically, the large synchronous machines supplied reactive
power (MVars) in additional to active power (MWs), resulting in a high SCMVA levels in most
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areas, and the system was considered “strong”. With the phasing out of synchronous generating
units, there will be a need to replace the support provided by the MVars from synchronous units
that kept the system strong. Traditional synchronous units could typically supply over 500 MVA
SCMVA per 100 MW of generation. Without additional plant support, IBR resources can typically
supply 10 to 20% compared to a similar sized synchronous unit. As IBRs make up a greater
percentage of the generation mix, the system will become “weaker” unless resources are added
to support the required SCMVA and system stabilizing characteristics provided by synchronous
machines. The weaker the system, the greater the change in voltage following a disturbance.

Low System Strength generally leads to increased network voltage volatility under normal and
disturbed operating conditions. Potential concerns under low System Strength of a power
system are summarized below [2,3]:

e A weak system may take longer to stabilize or may become unstable after a system
disturbance causing collapse of parts of the electrical interconnection.

e Degraded ride-through response of inverter-based resources (wind, BESS, HVDC and
FACTS devices) following faults and other system disturbances due to increased voltage
volatility (both phase and magnitude changes).

e Undesirable Cl between two or more dynamic devices in close proximity, leading to
unstable or poorly damped oscillations.

e Torsional interactions (SSTI) with potential adverse impact on thermal generator shafts.
e Wider area undamped voltage and power oscillations.

e Mal-operation or failure of protection equipment to operate.

e Prolonged voltage recovery after a disturbance.

e Larger voltage step changes after switching capacitor or reactor banks.

e Instability of generator / dynamic plant voltage control systems.

e Increased harmonic distortion (a by-product of low System Strength and higher system
impedances).

e Deeper voltage dips and higher over-voltages (e.g., transients).

The current IBR technology is based on “grid following” technology. The IBR is expected to
“follow” the grid frequency, voltage magnitude and phase. In order for grid following IBR to
operate stably, a specific requirement is a strong grid as viewed from the point of the IBR POI.
At a strong POI, the changes to voltage magnitude and phase following disturbances are
relatively small compared to what may take place in a weaker location. In a weak grid, the large
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changes in voltage conditions at the POl are harder to follow and that could lead to
unacceptable dynamic response of IBR.

For IBR interconnection, the Short Circuit Ratio (SCR), the ratio of the three phase SCMVA
divided by the facility MVA rating (or MW depending on methodology used) at the POl is
frequently used as a measure of the facility’s ability to reliably operate at that location. Past
industry experience indicates that when the SCR at the POI drops to around or below 2, there
is potential for overall system dynamic response concerns. This represents an overall system
stability risk when a large number of PE interfaced generation, energy storage, HVDC links and
Flexible AC Transmission System (FACTS) devices are expected to be connected in near future.
When multiple inverter-interfaced devices are in close proximity to each other in a weak area
(low SCR), undesirable Control Interaction (Cl) between two or more dynamic devices may lead
to unstable or poorly damped oscillations.

IBR can be used to support a grid SCL but additional equipment (synchronous condensers, Static
Var Compensator (SVC)s or other fast acting reactive power sources) may have to be installed
to support the voltage in local regions as there are some challenges with using numerous IBR
units to mange System Strength. In addition to IBR support,

e IBRs are designed to operate to at minimum SCR. If the SCR is below the IBR design
level, it may trip of during a system disturbance or lead to undesirable oscillatory
modes.

e Toclearasystem fault, protections relays operate to disconnect the damaged area from
the grid. These protection relays detect the higher-than-normal current flowing
towards the faulted area. If traditional units have been retired and little or no fault
current injecting sources have been added, the current available to flow into a fault may
be lowered and protection devices may not operate as designed.

e During an event, MVar production is usually triggered when measured voltage at a
target location deviates outside a set range. As MVars need to be delivered close to the
event location, there can be many sources of MVars located in or near the area. There
is potential for multiple IBR units in a local area to interact with each other, producing
oscillations and instability in the grid.

e The NSPI grid has large switchable capacitive and reactor banks for MVars. With a weak
grid, switching these devices will result in a larger voltage step change. NSPI is required
to maintain voltage within a bandwidth to meet grid criteria. If the step change is large,
it will be difficult for the System Operator to maintain adequate voltage levels on the
transmission system.

e The above bulleted occurrences can also result in slow recovery of the system normal
voltage levels. There is an increased potential for harmonics, transients, and sub-
synchronous interactions with online synchronous units.
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The design of PE interfaced devices under low inertia and low SCR is technically challenging. To
overcome these technical challenges, the specific control strategies and settings must be carefully
selected considering the system characteristics at the POI, expected credible N-1 and other
contingencies, and interaction with other dynamic devices in the vicinity [2,4,5]. It is also prudent
to verify that the influx of PE based devices does not adversely affect the torsional oscillations of
thermal generator shafts. Based on a literature review as well as NSPI’s subject matter expert
Manitoba Hydro International (MHI)’s experience on similar system expansions, the main concerns
from stability and dynamic response point of view are as listed below.

e Impact on overall system stability due to reduced inertia, reduced System Strength and
RoCoF.

e Voltage control.

e Fault ride-through capabilities: Ride-through response of inverter-based resources such as
wind, Battery Energy Storage System (BESS), HVDC and FACTS devices following faults and
other system disturbances.

e Fault current contributions.
e Harmonics and power quality.

e Control interaction (Cl): Undesirable interaction between two or more dynamic devices in
close proximity, leading to unstable or poorly damped oscillations.

e Impact from torsional oscillations, sub synchronous Interactions (SSTI), on thermal
generator shafts.

There has been much study and industry discussion on how to manage frequency control due to
phasing out of thermal plants. Synchronous condensers, Fast Frequency Response (FFR) from IBR,
etc. can be designed to meet the grid needs. Frequency control is well understood and MWs will
travel within an electrical interconnection to balance frequency. The only determination is how
many MWSs are needed to balance the load and the speed of response required to prevent
additional generation or loads from tripping. Required levels of inertia or FFR and response times
for an area can be determined for various operating scenarios with existing methodologies and
system study.

However, high penetration of power electronics resulting in lowered SCRs has given rise to a need
for specific investigation into System Strength, which was not as critical when the generation was
predominantly based on synchronous machines [6]. Careful planning and due diligence can prepare
for power systems with high penetration of renewables under low SCR. Standard planning practices
that have been followed over the years [7] including screening level studies, as well as specialized
electromagnetic transient (EMT) simulation based studies are appropriate for System Strength
study.
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This is specifically the case for:

e Weak in-feed (interconnection) points resulting in low SCR. NSPI has weak AC connections
to the Eastern Interconnection.

e Multiple dynamic devices in the local area: NS is planning for large scale wind, BESS and
increasing solar in addition to existing HVDC and SVC facilities.

e N-1 contingencies that are likely to further reduce the SCR. In particular, the loss of the tie
with NB under high import is a significant contingency.

e N-1 contingencies are likely to result in significant changes to the bus voltages near PE
interfaced devices [8].

o Tripping of heavily loaded lines results in larger changes to bus voltage magnitude, and
phase angle.

o When conventional generation (synchronous machines) are relatively far from the PE
interfaced devices (wind, solar), larger changes to voltage angle (both magnitude as
well as rate of change of the voltage angle) occur during a system disturbance.

1.2 Scope

The following scope will be investigated to ensure a stable NSPI system as it transitions to large scale
integration of renewables:

1.2.1 Frequency Control

e Perform an assessment to determine minimum inertia required to maintain frequency
stability for the Nova Scotia system under existing and 2030 load and generation dispatch
scenarios.

e Perform detailed system simulations to identify stability and fault ride though concerns and
identify potential RoCoF concerns.

e Recommend mitigation options to identified issues, including recommendations for system
design and plant ride-through RoCoF.

1.2.2 System Strength

e Perform a screening level assessment to benchmark 2023 SCMVA levels at 69, 138 and 230
KV buses.

e Document minimum SCMVA at load sensitive locations.

e Document minimum SCR at all Wind Plants, SVC and HVDC locations.
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e Identify Potential IBR Connection Issues.

e Provide recommendations for resolving issues associated with low fault levels, including
SCMVA, SCR for increased IBR, post contingency voltage, fault ride-through, control
interactions and sub synchronous oscillations.

e Determine minimum support requirements (synchronous condensers, BESS, grid-forming
technology, etc.) to maintain acceptable levels of System Strength for the expected 2030
grid.

This report was to include full EMT study results. However, due to delay in getting adequate EMT
plant models, it was determined that the initial findings and recommendations should be published
immediately. This includes results from the first stage of system studies and analyses, and provides
recommendations based on the findings to date. An updated report will be published when the EMT
studies are complete.
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Assessment Metrics and Methodologies

The metrics and methodologies described below are utilized for this study. The assessment is
looking at 2030 and aims to identify any deficiencies in frequency and voltage control due to the
changing nature of the generation fleet. All applicable criteria and standards approved by the Nova
Scotia UARB are applied in system study.

It should be noted that the traditional system planning exercises including load flow and voltage
stability analysis, short circuit calculations, dynamic stability analysis and harmonic analysis are still
an integral part of the overall process. This document focuses on specific analysis that are required
in addition to those traditional methods to facilitate large scale integration of IBR.

2.1 Frequency Control

As noted in Section 1.1.1, SIR is an immediate response provided by conventional synchronous
machines. It is not a synthesized response through control actions but rather the natural response
of a synchronous machine. It is the deployment of energy from the kinetic energy stored in the
generator rotor. This response is vital to maintaining system stability following disturbances. The
converter-based IBR generators do not contribute to SIR and can potentially make the power system
vulnerable following system disturbances such as transmission system faults.

For NSPI, system inertia and FFR from IBR is important from the point of view of two technical
requirements:

1. System frequency response determines the system RoCoF. This is not currently a concern
for NSPI due to high inertia from the existing generation mix. In the future planned grid,
with maximum renewable generation online, RoCoF would be expected to increase if there
is no replacement for the reduction in SIR when the existing synchronous units are offline.
Understanding the inertia and other frequency response requirements to dampen
frequency excursions and to understand RoCoF for the future grid are necessary for a
number of reasons:

e Inertia and other frequency response mechanisms such as IBR FFR supports overall

system stability and security.

e Frequency excursions must be managed to allow measures such as load shedding to be
effective.

e The Nova Scotia grid is designed and operated to maintain RoCoF within a range that
will allow for customer reliability and increased penetration of renewables.

e |BR and generation facilities are designed to stay online and ride through grid events up
to a specified RoCoF.
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For NSPI system design RoCoF, multiple scenarios for today’s system dispatch and
configuration are assessed to determine the maximum RoCoF for various system
conditions. The highest RoCoF documented is used as the maximum allowable for the 2030
study scenarios for first stage studies. It was noted that this RoCoF, which could be
experienced under today’s operating guidelines with high imports and maximum renewable
generation, was not specifically assessed in the past as it was not a concern due to high SIR
plants online keeping RoCoF low. A recommendation of this report will be for a specific
study on RoCoF to determine the maximum value for which plants will ride through
frequency excursions. It may also require a more aggressive RoCoF ride-through
requirement for DER.

2. System inertia impacts the rate of change of voltage phase angle at POls of IBR plants. IBR
plants perform poorly during Low Voltage Ride Through (LVRT), or other disturbances, when
subjected to large and rapid voltage phase shifts. Until IBR technology is further advanced,
some SIR will be required to maintain acceptable performance for an NSPI generation mix
that includes large scale IBR.

As mentioned previously, converter-based IBR generators do not provide SIR comparable to
traditional synchronous units. Mechanical inertia from WECs can provide limited SIR through
control actions as well as FFR. Thus, the response will depend on the specific plant design and could
vary from site to site. The use of IBR plants to provide frequency response to replace SIR, is carefully
evaluated through both PSS®E and PSCAD™ based studies. The specific response requirements from
each new IBR plant will be specified based on existing grid codes, interconnection requirement
specifications and system impact study (SIS). NSPI Transmission Interconnection Requirements
specify a ride through RoCoF of 4 Hz/s for all new generation facilities. This will be an important
specification for plants to operate the system under very high IBR penetration conditions in future.

For NSPI system study, inertial support or its equivalent may be achieved through several options.
e Online synchronous generation
e ACtie-lines to neighbouring systems
e HVDC interconnector
e Synchronous condensers
e Fast frequency support from IBR plants, BESS or supercapacitors

Various scenarios for dispatch and generation types are studied to determine inertia requirements
for NSPI. Once a solution (or potential options) for the minimum inertia requirement is found in
PSS®E, those scenarios are then studied for System Strength criteria in PSS®E .
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2.2 System Strength

As noted in Section 1.1.2, for the connection of additional IBR generation, the SCMVA is
predominantly known to as System Strength in industry. Typically, the SCMVA is estimated by
calculating the fault current at a specific point of interconnection. Higher fault current levels will
result in higher SCRs while lower fault current levels result in low SCRs, indicating a weaker
system[9]. A weak grid implies a higher system impedance as seen from the POI (looking towards
the AC network). In general, it is an indication of:

e Low system inertia (relatively low presence of synchronous machines in the local area).
e Lack of parallel Transmission paths (e.g. radial connections to IBR plants through long AC
lines).
While there’s no industry accepted standard, the following classifications listed in [10] are
generally a reasonable indication of the System Strength.
e Ahigh SCR - SCR greater than 3.

e Alow SCR - SCR between 2 and 3.

e Averylow SCR - SCR lower than 2.

A low SCR is an indication of potential dynamic response issues with PE interfaced devices.

A weak connection point, with an SCR of less than 3, generally indicates that there could be potential
issues such as:

e Fault recovery issues.

e Unstable or poorly damped oscillations due to interaction with other plants near by.
e Inability to operate to Grid Code requirements (fast power recovery following faults).
e Difficult to control bus voltage.

Accordingly, points of interconnection with an SCR less than 3 are typically categorized as weak
connection locations. In such situations, detailed assessments are typically required to confirm
acceptable performance of the plant and the system with respect to fault recovery, voltage stability,
control interactions issues with other nearby devices, and protective relay operation issues [11].
Detailed EMT studies are generally required to verify the acceptable performance of the plant and
the system under weak grid connection conditions.

Although SCR is a high-level screening measure to identify potential dynamic response and stability
issues (IBR response as well as overall system), it is only one indicative index. Other system
measures such as the overall inertia and the location of machines providing inertia (proximity to
inverter-fed devices) will also have a significant impact on the stability of inverters and hence the

I
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power system. The available inertia, including the location in the network where the machines are
connected, determines the rate of change of voltage at the POI (specifically the voltage angle) and
has a significant impact on the fault ride-through response of PE based devices [8].

From an overall system planning perspective with large scale penetration of IBR based generation,
two technical items are to be considered.

1. Lower fault current levels impact on existing protection system performance:

To address this concern, modern grid codes may require that the IBR plants contribute a
reactive current injection during low voltage conditions at its connection location. This is
not specified in the existing NSPI grid code. However, while this specification will support
protection system operation, the fault current contribution from IBR should not be
considered in the SCR calculations for specific IBR plants. This is because the IBR plant does
not necessarily support the dynamic response of an IBR plant by limiting the rate of change
of bus voltage conditions (as would a synchronous machine through its natural inertial
actions).

2. Maintain sufficient SCR levels at known IBR connection locations or potential renewable
energy hub areas:

Present day IBR plants are designed based on grid following technology. For grid following
inverters to operate stably under transient conditions, it is essential that the voltage
conditions at the POl do not go through rapid changes during the recovery period. SIR in
the vicinity of the POl as well as a strong network that would limit the overall voltage change
(between the pre fault and post fault steady states) is essential to ensure the stability of the
IBR plants and ultimately, the stability of the overall system. High SCR is an indication of the
presence of synchronous machines in the local area and/or a strong, meshed transmission
system.

SCR, including Effective SCR and Weighted SCR, has been a widely used screening level metric to
identify potential concerns (dynamic response) when connecting PE based generation, HVDC or
BESS at a specific point on a grid. However, the NSPI approach is to look at the future grid with as
high penetration of renewables as is possible with existing technology and develop a planning and
study process to achieve the best mix of renewables and grid support mechanisms to meet
decarbonization targets.

MHI recommends NSPI conduct a full grid study in PSS®E and PSCAD™ for each round of new IBR to
be added to the NSPI grid to determine if additional system support is needed to accommodate the
new IBRs. MHI recommends performing an annual assessment of NSPI Frequency Control and
System Strength requirements in the 10-year horizon to identify potential issues.

It is essential that the planning engineers exercise sound engineering judgement when assessing
SCR values. The specific nature of potential issues would depend on several other factors that are
not fully illustrative though SCR values:

11
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Harmonic impedance (resonance characteristics) of the AC system as seen at the POI.
Series compensated transmission lines in the local area.

Specific technology (vendor specific) and specific protection and control settings of the PE
inverters and other plant equipment.

The MW rating or the MW output of the PE based plant is used to calculate the SCR (as
described in previous sections). However, the inverter-based plants may have a much
higher MVA rating considering their reactive power capacity. This can influence the plant
response under weak grid conditions.

If the MW rating is used to estimate the SCR, the impact of nearby STATCOMs, HVDC, BESS
may not be captured. These PE based plants will also contribute to potential dynamic
response issues. The planner may consider using the MVAR rating instead of the MW rating
in such cases.

Under operating conditions, when calculating Operating SCR (OSCR), the MW output
depends on the power reference set point and/or the number of inverter units in service
inside the plant. The OSCR does not capture this difference. However, the number of
inverters in operation (in service) as well as the operational MW set point can both
influence the dynamic response of the plant and the system, following disturbances.

Detailed studies are carried out to verify the acceptable operation of the plant under foreseeable
operating conditions.

As noted in the section above, Frequency Control and System Strength are closely related to each
other as the online status of synchronous machines have a significant contribution to both. Thus, it
is prudent to set the inertia constraints prior to performing any SCR calculations. It should be noted
that the SCR calculations are performed considering specific IBR connection location while the

inertia requirements are estimated more at a system level.

For System Strength Analysis, the following criteria is used:

Maintain SCR of at least 3 at existing IBR locations unless lower acceptable values are
documented.

All new IBR connections should operate stably and meet NSPI TSIR requirements at SCR of
3, or lower, as dictated by the SIS for the Interconnection request.

Maintain SCMVA close to existing levels unless it can be shown by studies that it will not
adversely impact power quality in the local area.

Increase SCMVA as needed to allow for increased renewables interconnection.
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To assess the criteria, PSS®E cases are dispatched to weakest system expected for the current and
future grid. Three phase faults are applied and current levels compared to future levels to identify
any areas seeing a reduction in SCL.

For retiring units, an assessment of remaining generation units and motor loads is performed to
determine if any change in the SCR is acceptable or if additional system support is needed to replace
that lost with the unit retirement.

For new transmission load and generation connections, full study in PSS®E and PSCAD™ is
undertaken to identify any SCL conditions that may cause tripping or control interactions.

2.3 lterative Assessment

The initial assessment and metrics used for these studies follow the traditional load flow and
dynamics methodologies with the intent to then take critical cases into PSCAD™ for EMT analysis.
Upon examination of the PSS®E first stage studies results, it quickly became evident that there were
many unknowns. To get stable and well damped results in PSS®E simulation required a particular
number of thermal units online. However, when the SCMVA was reviewed for some dispatches that
produced good frequency damping results in PSS®E, it was noted that SCMVA was very low in some
areas of the province. It was particularly low in the western region of the province when the small
hydro units were offline.

With a low SCMVA, nearby connected IBR would be unlikely be able to ride-through due to SCR
dropping below 3. Most Wind Energy Converters (WECs) are expected to stay online at an SCR of 3.

A very low SCMVA can increase the tripping of local manufacturing plants for low voltage events
such as lightning strikes. To decrease SCMVA levels below existing levels would cause a drop in
reliability for customers. MHI recommends maintaining, and where possible improving the grid
conditions to enable generation and customer load to ride-through system disturbances.

As an example, with results of the first grid simulation iterations complete, high inertia units were
required online to maintain frequency and voltage at levels that would potentially be viable for
system stability (to be verified in PSCAD™ simulation). For thorough analysis, traditional units
supplying inertia were then taken offline and replaced with IBR frequency response enabled
generation (Maritime Link HVDC link with frequency support from NL). The cases solved and had
good settling out of frequency within NERC criteria. However, this further reduced the SCMVA and
many voltage violations were observed.

While technological advances now provide for both frequency and voltage support from IBR, the
ability to support frequency is further advanced than for System Strength support. Section 6.1 has
an overview of the potential IBR mechanisms for both Frequency Control and System Strength
support. Frequency support from IBR facilities such as extracting mechanical inertia from WECs and
Fast Frequency Response can be specified for new facilities. IBR support for System Strength is still
in the developing stages and not commercially viable in many instances.

13





Frequency Control and System Strength Assessment
I

With this in mind, it was decided to decouple system requirements for frequency control (inertia
and FFR) from the system requirements to support voltage events (System Strength) and the
following iterative approach was implemented to complete the study:

e Determine the minimum inertia and FFR required for the scenarios under study to
maintain a good frequency response without consideration for any voltage outside criteria
limits and the SCMVA.

e Take the resulting scenarios with adequate frequency support for study to determine
minimum requirements to achieve a SCMVA adequate for system protection and SCR
sufficient for IBRs to stay online during system disturbances.

e  With the minimum requirements for both Frequency Control and System Strength
identified, run all scenarios in traditional PSS®E simulation to identify any unexpected
issues. For any issues, identify grid support needed to achieve adequate results to meet
NSPI design criteria.

e Run critical scenarios from the PSS®E in PSCAD™ to further assess as per the mythology
described in Section 2.1

e Iterate through the above steps as needed to achieve an acceptable performance as
described in Sections 2.1 and 2.2 above.
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3  Frequency Control Assessment in PSS®E

For frequency control assessment, the Nova Scotia grid will experience the greatest frequency
deviation and potential high RoCoF when it separates from the North American grid.

e The critical dynamics contingency for inertia assessment and RoCoF is the loss of the tie
between NS and NB. This involves the loss of transmission line L-8001 which then cross
trips transmission line L-6613. The import on the line was set to the maximum allowed
based on tie line restrictions and the need to limit UFLS for loss of the line.

e UFLSis allowed and expected for this contingency.
3.1 Frequency Excursion Damping

Boundary cases for light load and peak load for the 2030 load conditions, with maximum renewables
online, were run. Simulations were run iteratively to get the online synchronous generation
dispatched to the minimum needed to maintain a stable and well damped frequency response for
loss of the NB tie.

Simulation cases for the first stage studies focused on light load and peak winter load as most
definitive in determining grid requirements for frequency control. Dozens of cases were run and
those failing basic criteria in load flow were discarded. Ten cases were taken forward for further
assessment. The six light load and four peak 2030 load cases meeting basic criteria over a range of
conditions are listed in Table 1 below.

Table 1: Minimum Inertia for Frequency Control, First Iteration
] Thermal Units .
Case Dispatch . Dispatch Notes
or Equivalent
1 Light Load 4 TUP, TR6, TUC2 & ML, Biomass / existing wind
2 Light Load 3 TUP, TR6 & TUC2/ existing wind
3 Light Load 3 TUP, TUC2 & ML, Biomass/ existing wind
4 Light Load 2 TUP & TUC2/ existing wind
5 Light Load 2 TUC2 & ML, Biomass on / existing wind
6 Light Load 2 TUC2 & ML, / existing wind
TUP, TR6, TUC2, TUC 4, & ML. Biomass and Hydro
7 Winter Peak 4 online / existing wind plus 500 new wind, 190 new
BESS
. TUP, TR6, TUC2 & ML. Biomass and hydro online /
8 Winter Peak 4 . . .
existing wind plus 550 new wind, 190 BESS
. TUP, TR6 & TUC2. Biomass and hydro online /
9 Winter Peak 3 L . .
existing wind plus 701MW new wind, 192 BESS
. TUP, TR6 & ML, Biomass online / existing wind plus
10 Winter Peak 3 .
621 new wind, 190 BESS
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The dispatch for the case was load dependent:

e The light load cases were run with 6 variations. In light load, NSPI has sufficient wind and
imports to serve load with 100% renewable energy. Hydro resources are offline.
Variations of FFR and inertia were simulated with the goal of taking inertia as low as
possible while providing for well damped and stable frequency response.

e The cases for winter peak are more complex. Small hydro is required to operate in the West
under high load conditions for voltage and stability support. There are limited energy
resources in the western part of the province and it is remote from the large synchronous
plants. As the EMT studies progress, it is expected that evolving technology in IBR resources
will be able to provide voltage support to the weaker parts of the grid. It may be possible
to reduce hydro online when there is sufficient wind to meet the system load. However, at
this time, for system stability, hydro and some additional thermal is required online, raising
the inertia online in the cases. To meet the load, while reducing the thermal units, new
wind and BESS was added to the simulation cases.

Load Flow and Dynamic assessment was performed for the loss of NB tieline with high NS imports.

Case 5, with a low amount of inertia online, did meet the criteria. Removing one more small unit to
find the minimum threshold for adequate performance the case, Case 6, would not solve for
dynamics and was discarded as a nonviable scenario. For the remaining cases, while system
frequency was stable and settled out to meet grid criteria for frequency response, it was observed
that winter peak load cases had post-contingency voltage issues. The voltage issues gradually
increased as the number of thermal units online were decreased to the minimum for stable
frequency response. Under winter peak load conditions, grid simulations determined that
frequency damping control is not the limiting factor in determining the minimum number of thermal
units or other synchronous support required online for system reliability. Voltage issues were noted
and addressed in the System Strength portion of this study. See Section 4.

It was also noted that the system RoCoF was above 4 Hz/s for some cases. As some facilities may
trip off at high RoCoF further simulations, focusing on RoCoF, were run. See Section 3.2.

It was found that the Maritime Link with FFR enabled was able to reduce the inertia required for
frequency control. With this in mind, assessment for the 2030 grid includes a review of potential
FFR from IBRs as a potential source to reduce synchronous resources required to be online. IBR
technology is evolving rapidly and both WEC and BESS may be able to support frequency in the 2030
timeframe.

Notwithstanding the voltage issues and RoCoF, which are addressed in the following sections,
iterative study identified variations of case 5 for light load and case 10 for winter peak load as
defining the minimum inertia and FFR required online to provide for well damped frequency for loss
of the tielines to New Brunswick. The minimum requirements, shown in Table 2, are required to
maintain a stable and well damped frequency response with all load served by renewables and
imports other than that supplied by the thermal units online to maintain stable frequency response.

I
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Table 2: Minimum Inertia and FFR Required for Frequency Control
Total
Case Dispatch Inertia Dispatch Notes
(MW*s)
51 Light Load 1044 TUC5, TUC6 & ML 50 MW FFR, Biomass on / existing wind
52 Light Load 1102 TUC2, TUC6 & ML on no FFR, Biomass on / existing wind
53 Light Load 1603 TUP, TUC2 & ML offline, Biomass on / existing wind
TRE6, TUC2 & ML 50 MW FFR, hydro online/ existing wind plus
101 Peak Load 2381 . y ine/ existing wind plu
899 MW new wind, 182 MW BESS
TREG6, TUC2 & ML on no FFR, hydro online/ existing wind plus
102 Peak Load 2381 -y ine/ existing wind plu
899 MW new wind, 182 MW BESS
TUP, TRE6, TUC2 & ML offline, hydro online/ existing wind plus
103 | Peak Load 3158 v / gwindp
901 MW new wind, 182 MW BESS

Winter peak load has the highest inertia requirement for stable frequency response. The case
dispatches for the peak load, with maximum renewables:

e System load 2145 MW (2030 peak as forecast in 2020), including PHP at 152 MW

e ML at 152 MW with 50 MW FFR for case 101, ML at 150 MW without FFR for case 102,
offline for case 103

e NBimports at 296 MW

e Wind: approximately 474 MW existing transmission-connected wind, 900 MW planned
wind additions

e BESS: 182 MW, no FFR

e Thermal: TRE6 and TUC2 for case 101, Tupper, TRE6 and TUC2 for case 103

While the first iterations for inertia, focusing on a stable and well damped frequency response,
identified a minimum inertia required online, it does not consider RoCoF. As the NSPI generation
mix has a large synchronous component, RoCoF has not previously been an issue or routinely
considered in system studies. With the expected reduction in online SIR, RoCoF was noted as a more
determining factor in the requirement for online SIR and FFR. To evaluate the impact of changing
RoCoF, additional assessment focused on RoCoF was undertaken.

3.2 RoCoF

Historically, there have been RoCoF requirements for generation facilities and some protection
devices to ensure they function as expected during frequency swings. The requirements are as
needed to stay online for a grid with good SIR response. As the grid SIR has potential to decline with
the phasing out of some synchronous generation and increase of renewable generation, simulations
were run to better understand the impact on RoCoF. The NERC whitepaper “Fast Frequency
Response Concepts and Bulk Power System Reliability Needs” [1] provides a good overview of the
fundamentals of frequency response and the FFR as a mechanism to replace a portion of the existing
SIR required to maintain frequency and RoCoF.

I
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To determine the inertia needed to maintain an adequate RoCoF, a performance metric was needed
to benchmark the scenarios against. As a metric, a RoCoF for system design has no established
industry best practice or recommendation for a RoCoF for grid design.

Earlier recommendations for grid RoCoF were very general and often did not include the sample
time which is needed to apply a RoCoF requirement. More recently, in 2022, an international survey
was conducted over several entities in the Americas, Europe and Australia on RoCoF experiences,
ride-through and operational standards and control measures [12]. Findings indicate that there is
no common measure for RoCoF and in some cases no RoCoF requirements for system design.

The time sample over which RoCoF is calculated varies from utility to utility. 500ms is the middle
ground and was utilized for this study.

Simulations were run to determine the most severe RoCoF possible for the existing NSPI grid. At
light load, case 2 in Table 3 below, with minimum required SIR online as per the existing operating
guidelines, the RoCoF in simulation for the most severe contingency is 1.4 Hz/s calculated over a
500ms sample time. With all wind online, maximum imports and three thermal units on for inertia
support the highest load that can be served is approximately 1437 MW. That case, #11 in Table 3
below has a RoCoF of 2.3 for the most severe contingency.

Table 3: Most Severe RoCoF, 2023 Grid
Case Load Total Inertia (MW*s) ML FFR RoCoF
2 Light Load 2224 Offline 1.4
11 Summer Peak Load 2487 Offline 2.3

Case 2 is a light load case with three large units on as per the existing operating guideline.

Case 11 dispatch is the worst case achievable under existing transmission system configuration and
operating guideline for 3 thermal units and ML on for inertia:

e The maximum load that could be served with imports, wind and the minimum three
thermals online for inertia: 1372 MW + 65 MW for PHP

e Imports from NB: 298 MW

e Imports from NL: 300MW (ML frequency control at OMW)

e Hydro: 0 MW but 13V Gulch and 16V Weymouth online for System Strength support

e Thermal units: Tuft’s Cove 3, Trenton 6 and Tupper online

e Transmission Wind online: 431 MW

In the previous section, the minimum inertia required to maintain stable frequency response was
determined as shown in Table 2. When RoCoF was measured in these cases it was much higher than
for the existing grid and generation mix — in excess of 4Hz/s measured over 500ms. The GHD report
[12] suggests “+2 Hz/s for a moving average of 500 ms window” as a minimum RoCoF for ride-
through for generation facilities.
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Until further research or study dictates otherwise, sufficient inertia and FFR to maintain a RoCoF of
under 2.5 Hz/s on a 500ms sample time for the most severe contingency will be used in ongoing
system studies. This value is aligned with what could be experienced with 2023 dispatch conditions
and operating guidelines. That said, it is recommended that further study on an appropriate RoCoF
metric for Nova Scotia be undertaken.

The GHD survey [12] found that of the entities surveyed, only EirGrid had direct experience in
investigating generator ride-through for RoCoF. Eirgrid validated its legacy generation and had
confidence it its ability to ride through 1 Hz/s on a 500ms sample time. MHI recommends NSPI
survey existing legacy and Distributed Energy Resource (DER) generation sources to have sight of
the RoCoF ride through capabilities. If 2.5 Hz/s on a 500ms sample time can be maintained, it allows
more flexibility in the transmission system design. However, if there is potential for widespread
cascading, the 2.5 Hz/s on a 500ms sample time may need to be reduced. Additional SIR or FFR grid
support would be needed to reduce the RoCoF.

For new generation connections, the NSPI Transmission System Interconnection Requirements [13]
require facilities to ride-though a RoCoF of 4 Hz/s.

With the study condition to maintain RoCoF under 2.5 Hz/s, as per existing guidelines, iterations of
the Series 5 and 10 cases in Table 2 were run with variations of the ML online, with and without FFR
enabled. For the first RoCoF simulations with the cases carried forward as having the minimum
inertia/FFR online for frequency damping response during a grid event, it was found that the RoCoF
was above the desired 2.5 Hz in most cases as shown in Table 4.

Table 4: First Iteration for 2030 RoCoF
Case Load Total Inertia (MW*s) ML FFR RoCoF
51 Light Load 1044 50MW 2.65
52 Light Load 1102 oMW 341
53 Light Load 1603 offline 2.32
101 Peak Load 2404 50MwW 3.02
102 Peak Load 2404 oMw 3.27
103 Peak Load 3181 offline 2.48

The cases were re-dispatched, increasing inertia and FFR online to get RoCoF below 2.5 Hz/s as
shown in Table 5. A significant increase in online inertia was required to meet the RoCoF target.

Table 5: Minimum Inertia for RoCoF below 2.5 Hz ‘
Case Load Total Inertia (MW*s) ML FFR RoCoF
511 Light Load 1536 50MW 2.19
521 Light Load 1890 oMw 2.22
531 Light Load 2586 offline 2.15
1011 Peak Load 4219 50MW 2.17
1022 Peak Load 4355 oMw 2.19
1023 Peak Load 4233 offline 2.17

19





Frequency Control and System Strength Assessment
I

As BESS grid support capability is evolving rapidly, a test run was initiated on the 6 RoCoF cases with
200MW of BESS dispatched at 50% to allow for up to 100MW of FFR support.

Table 6: BESS FFR support for RoCoF
Case Load T°(t:,:v'\','f:)t'a ML / BESS FFR RoCoF/delta
511 Light Load 1536 50MW /100 MW 1.50/32%
521 Light Load 1890 OMW / 100 MW 1.66/25%
531 Light Load 2586 offline/ 100 MW 1.58/27%
1011 Peak Load 4219 50MwW / 100 MW 1.87/14%
1022 Peak Load 4355 OMW / 100 MW 1.89/14%
1023 Peak Load 4233 offline/ 100 MW 1.90/12%

As can be seen in Table 6, RoCoF was reduced significantly. As BESS with FFR with the capability to
respond in 100ms is integrated into the NSPI grid, the inertia required online for RoCoF can be
reduced as indicated by system study.
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System Strength Assessment in PSS®E

A minimum level of System Strength is required for the power system to remain stable during
system disturbances. A minimum level is also required for inverter-based facilities to stay online
during system disturbances and for switching events such as large motor starting.

Testing and analysis were conducted with a full contingency set based on the criteria applicable to
the NSPI grid and recommendations from the 2020 IRP preliminary studies. The case dispatch
started from the cases used for frequency control and RoCoF assessment as described in Table 5.
The 6 cases, dispatched to the minimum inertia needed for peak and light load conditions, were
carried forward for System Strength assessment. The full contingency set, 146 of the most critical
contingencies, was run on the cases.

4.1 Existing Fault Level Assessment

To understand the System Strength of the 2023 Nova Scotia grid, an “average” day dispatch was
taken as the benchmark for existing SCMVA.

Dispatch for benchmarking SCMVA has 3 thermal units, ML, all hydro, biomass and PHP motors
online. Wind is off to avoid counting the contribution of fault current from legacy wind as it does
not support the grid during a system disturbance.

Changing system load, different generation dispatch, or a transmission element out of service can
greatly influence the values. This “average” day dispatch will be reviewed against future expected
grid conditions on a similar average day to get a high-level indication of change as the grid evolves.
This is meant to be a high-level screening metric as we move forward. System design studies,
Interconnection studies, etc. will run a full system impact study and look at a multitude of values
over time.

See high level benchmarking screening level SCMVA for 69, 138 and 230 kV buses in Appendix A:
SCMVA Benchmark Values.

4.2  Minimum SCMVA for Sensitive Facilities

While the above metric will be a measure of overall SCMVA and a measure of change over time, it
will be necessary to monitor the minimum SCMVA for sensitive facilities such as manufacturing
plants and HVDC facilities where a minimum, or existing, design SCMVA must be met to ensure
continued reliability for the customer. The existing minimum, with all elements in service, is
documented in Table B - 2. If the future grid will see a reduction in the minimum SCMVA, study will
be undertaken to ensure there is no reduction in reliability for the customer. If adverse impact is
identified, mitigation will be taken to ensure grid reliability is maintained.
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4.3 Minimum SCR for Existing Wind Plants

For existing facilities, the minimum SCR documented in the Interconnection Request will be
maintained. If no minimum ride through value has been documented for an existing facility, NSPI
will target to maintain an SCR of 3 at the low side customer bus, usually around 34kV. For the
purposes of this study, the SCR values were benchmarked at the NSPI Transmission Level voltage
for consistency and high-level analysis of the change for various future dispatch patterns, as shown
in Table C - 2. The values cannot be used to determine the actual ride through SCR at the wind
facility.

4.4 System Support Requirements

System Strength requirements will be driven by the need to support existing facilities as the grid
transitions to high renewables as well as to strengthen the grid to support the addition of significant
guantities of IBR to meet NSPI, provincial and federal targets.

4.4.1 Post Contingency Voltage Support

To maintain post contingency voltage within the range required by NSPI, NPCC and NERC
criteria, reactor and capacitor banks were added at several locations in the province. For the
winter peak cases, small capacitor banks (5 to 15 MVars) were added at several substations in
the West and Sydney area to improve post-contingency voltage. For the light load cases, a small
reactor was added in the Sydney area to bring post-contingency voltage to the range required.
This proved adequate to maintain post contingency voltage for many scenarios.

Load growth will usually increase the need for static voltage support of this type. As NSPI load
grows, the exact location and size of these banks will be determined by detailed System
Planning studies. Future studies may indicate a need for dynamic reactive power support if load
growth is at a faster rate than currently forecast.

4.4.2 SCMVA for Sensitive Buses

With all contingencies solving well for the 6 cases, a comparative look at the SCMVA for sensitive
buses was run. See Appendix B: Sensitive SCMVA Buses for the tables of values. As can be seen
in Table B - 1, Table B - 2, Table B - 3 and Table B - 4 there can be a wide range of SCMVA
depending on the future generation dispatch. For example, the scenario which considers a
second 345kV tieline to New Brunswick will need inertia to support sensitive buses. EMT studies
are ongoing to determine if some of the support can come from IBR sources but, at this time,
synchronous condensers are the preferred mechanism to provide this type of grid support.
Without a second tieline, much higher inertia is required online to maintain a RoCoF of 2.5Hz/s
or less. This higher inertia requirement, if dispersed around the province, will contribute to
SCMVA support for sensitive buses.
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4.4.3 SCR as a Screening Index

SCR can be considered as a screening level index for a potential POl for IBR. However,
engineering judgement should be exercised when making screening level conclusions based on
such indices. This can be illustrated with the following example:

e Consider a POI bus with a SCMVA of 1000 MVA, and connected to this bus there is a 500
MVA grid following IBR. The Short Circuit Ratio for this IBR is 2.0 (SCR IBR_1 = 1000/500 =
2.0).

e Assume that the lowest SCR this IBR technology can handle is 1.5 (min SCR=1.5).

e Forasecond IBR project of the same rating is to be connected at the same POI, consider
two different scenarios:

o Case A: If we consider the Short Circuit contribution of the first IBR as contributing to
the System Strength, the SCR for the second IBR would be:
= SCRIBR_02 =1500/500 = 3.0 (> than min SCR of 1.5, therefore a strong POI)
= Similarly, the contribution from IBR_02 would affect the SCR of the IBR_01 so
that the SCR _IBR-01 is also 3.0

o Case B: If we don’t take into account the SC contribution of the first IBR as
contributing to the System Strength, the SCR for the second IBR would be:
=  SCRIBR_2 =1000/500 = 2.0 (> than SCR_minimum of 1.5; therefore project
OK)

Both calculations are misleading. More so in case A, as according to the SCR calculations, the
hosting capacity of the system for grid following IBRs would increase the more grid following
IBRs are added to the system.

As for calculation B, although not as optimistic as calculation A, it still overestimates the hosting
capacity of the system.

The hosting capacity of the system will be more closely dictated by the combined size of both
IBR projects connected to the bus (or system). In this case, since both projects are connected to
the same bus, the hosting capacity likely should be estimated as:

e Available SCMVA/SCR min = 1000 MVA/1.5 = 667 MVA
e The available capacity to connect would be combined plant total of 667 MVA

So far, industry wise, the SCR calculation has been used as a high level method to estimate
whether a project can be connected to a system. This screening estimate holds as long as the
overall penetration of grid following IBRs in the system remains low. However, calculation in
Case B shows that this method of estimating whether a project can connect starts to provide
misleading results once there is high penetration of grid following inverter-based resources in
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the system. Currently the method for assessing whether a new project can be connected to a
system with high IBR penetration is to perform dedicated EMT studies designed to evaluate
whether the IBR can ride-through events and does not negatively interact (Cl, SSCI, SSTI etc.)
with other devices in the system.

Most of the technical discussions on System Inertia and Strength assume that IBR plants are
operating on grid following technology. The need to implement new concepts and technology
such as grid-forming inverters, virtual synchronous machines, synthetic inertial response must
be evaluated on a case-by-case basis as part of the EMT study work.

4.4.4 IBR SCR

As noted in Section 4.4.3, SCR has limitations in its usefulness as a screening metric for the
connection of additional IBR. However, it is still a measure of a wind facility’s ability to ride
through system events and usually specified by the manufacturer. Additionally, as noted in
Section 2.3, while there is currently no industry accepted standard, an SCR between 2 and 3 is
considered low and below 2, very low. For legacy IBR plants, the intent will be to maintain SCR
at the POI, for the summed total MW of IBR facilities at that POI, to at least SCR of 3 unless a
lower value was identified in the facility SIS. New facilities, as per the NSPI Transmission System
Interconnection Requirements [13], may provide to NSPI a minimum SCR for unrestricted
operation at the time of interconnection. System short circuit level may decline over time and
the generating facility shall be able to accommodate these changes.

A comparison between SCR for a typical dispatch for 2023 and 2030 was reviewed. See
Appendix C: SCR Sensitive Facilities for the table of values. These values, benchmarked at the
NSPI Transmission level, should not be used for any other purpose as they are specific to this
study.

As can be seen in the tables, the SCR can vary considerably depending on the dispatch scenario.
For each new interconnection to and retirement from the NSPI grid, system study will be
required to determine when and where grid support is required. A large-scale maximum wind
study, with and without a second 345kv tie to New Brunswick, is ongoing and will provide
direction on the quantity and location of grid support mechanisms.

4.4.5 Stability Requirement

When sufficient inertia, FFR and reactive support was added to meet criteria (Frequency,
Voltage, and RoCoF, SCMVA etc) as defined in this report there were no observed stability issues
in PSS®E. Stability and Control interactions are best observed in EMT and will need further
analysis in PSCAD™ as per Section 5.
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Frequency Control and System Strength Assessment in PSCAD™

First Stage studies, RMS analysis in PSS®E, have been completed as detailed in the sections above.
Stage Two focused on EMT analysis in PSCAD are ongoing. As there are significant findings in the
First Stage studies, the results are to be released in this report and an updated report will be issued
when Stage Two studies are complete.

5.1 EMT Analysis Methodology

NSPI, in collaboration with MHI, is in the process of developing the full NSPI network (including
portions of neighbouring areas) in PSCAD™. The EMT model includes transmission details including
69 kV level and down to distribution voltages where necessary to best model generation and larger
manufacturing facilities. All dynamic plants are represented by detailed models provided by the
equipment supplier where available.

The PSCAD™ model is tied to a corresponding PSS®E case. Different study scenarios (load dispatch
conditions, generation online, etc.) are implemented in the PSS®E case and the corresponding
network conditions transferred to the PSCAD™ cases using python based scripts.

The general EMT study procedure is quite similar to the well established PSS®E based RMS dynamic
simulation study approach. Due the higher computational time of EMT simulations, the critical
contingencies under assessment in PSCAD™ are determined based on screening studies (SCR levels,
network resonance conditions at POI etc.) and RMS based study outcome.

[llustrative EMT results are shown in Figure 1, Figure 2, Figure 3 and Figure 4. These results are for
illustrative purposes only and do not correspond to NSPI system response.
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Figure 1: Illlustrative POI Voltage Waveforms Following a Fault Clearance.

The transients post fault, fault recovery period, can impact the performance of the IBR.
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Figure 2: PSCAD™ Simulation Showing Unstable Oscillations

The PSCAD simulation, in Figure 2 showing unstable oscillations at a connection point of two IBR
plants shown in Figure 3

PV Plant

Figure 3: Example System to Illustrate Unstable Interactions
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Figure 4: Illustrative PSCAD Results Showing Power Reversal

PSCAD™ results showing power reversal immediately following fault clearance - simulation of a
wind farm fault ride through.

5.2 EMT Models

NSPI requires that all new interconnection customers provide accurate, site-specific models of their
plant in PSCAD™ format. In addition to the PSCAD™ model, a corresponding PSS®E model that is
benchmarked for performance should be provided to NSPI by all plant owners. Accurate models are
essential to plan the NSPI future power system for stable and secure operation under a range of
load, dispatch, and equipment outage conditions.

While the PSS®E models for legacy plants on the NS grid as well as new models received from
interconnection customers are performing reasonably well, it has proven difficult to get working
accurate models in PSCAD™. Getting the existing Nova Scotia PSCAD™ generation facility models
working has also proved challenging. This is an industry wide problem. A NERC IBR Modelling
Update, Review of Findings and Recommendations form NERC Disturbances Reports and
Guidelines[14], identifies concerns with EMT models and recommends establishing EMT modelling
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requirements and model quality checks to ensure models not only perform well in simulation but
are an accurate representation of the installed equipment.

e MHIrecommends that NSPI publish specific model requirements for all load and generation
connecting to the NSPI system that will require detailed PSS®E and PSCAD modelling.

e MHI recommend that NSPI publish a document outlining the model quality and dynamic
response tests performance required as validation for the submitted models.

5.3 Detailed PSCAD™ Simulation

Detailed PSCAD™ simulations are used to identify stability and fault ride though concerns and
further assess potential RoCoF concerns.

EMT simulations have become critical when integrating PE inverter-based plant and other power
electronic based equipment to AC networks. EMT simulations highlight technical challenges related
to the connection to the power electronic based equipment. Performing dynamic simulations in
RMS platforms may not uncover design considerations that may result in project delays and cost
implications.

Grid following IBR plants may not operate as intended if SCR SCMVA too low. Traditional RMS
simulation (PSS®E) will not pick up off-fundamental frequency oscillations. The Australian
experience highlights the need to utilize wide area EMT models to replicate system observed issues
that were not reproducible by any other means [15].

Increasing the short circuit level is an obvious approach to enable greater IBR penetration with
synchronous support being the optimal solution. New transmission build is also an acceptable
option for System Strength issues in many cases but is generally not economically viable when
compared to the alternatives. EMT study results will provide more detailed recommendations for
the support required and best locations for synchronous support. Further detailed analysis of the
future NSPI grid will assess advances in technology® for IBR contribution to System Inertia and
Strength as a potential replacement for synchronous support for System Strength.

! One avenue with demonstrated potential is the use of IBR controls at the inverter level rather than
at the Farm Control Unit (also referred to as Power Park Control). A Cigre article [15] documents the
Australian system as a network with a high number of IBR, SVC and STATCOMs as having the
potential to show network oscillations due to controller interactions. The report references a sub-
synchronous control Interaction (SSCI) event observed in the Queensland transmission network due
to low System Strength. NSPI future grid will be very similar to the South Australia portion of the
Australia in terms of system load, number and size HVDC and AC tieline and high penetration of
IBRs.
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5.4 Potential IBR Connection Issues

The EMT analysis will review technical interconnection issues associated with large scale connection

of IBR.

5.4.1 Fault Ride-Through

NERC Reliability Standard PRC-024-2 describes how generator protective relays should be set
such that generating units remain connected during frequency and voltage excursions (see
Figure 5). The curves specify a “No Trip Zone” where the bulk electric system (BES) resources

should not trip within the specifi

ed time durations. Outside this designated area, BES resources

may remain online to support grid reliability to the greatest extent possible. There is no explicit
requirement for BES resources to trip, driven by plant protection requirements or local grid

reliability issues.
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Figure 5: PRC-024 NERC Voltage Ride-Through Time Duration Curve

Meeting LVRT requirements under weak grid condition is challenging for PE inverter-based
plants operating based on grid following technology due to the following reasons.

e High rate of change of bus voltage angle - (limitations in Phase Locked Loop response).

e Larger voltage phase angle change following a system disturbance - (limitations in Phase

Locked loop response).

e dV/dQ sensitivity of the weak grid.
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e Low voltage ride-through performance is critical under weak grid conditions.

e Tripping of the plant will reduce voltage control capacity in the weak local area (where
synchronous machines that can provide support are already limited or nonexistent).

e Tripping of the plant will reduce power transfer in (potentially long) lines or cable, further
complicating voltage control requirements.

e Tripping of multiple plants (or large plants) will impact system frequency and stability
[16,17].

5.4.2 Control Interactions

Control Interactions (Cl) is a specific issue that can impact the coordinated operation of Power
Electronic devices in a local area. Control systems of dynamic devices can interact in an
undesirable manner resulting in unstable or poorly damped oscillations following system
disturbances such as fault recovery. Integration of large-scale power electronic based devices
to the power systems has elevated the need to analyze the potential Cl risks; especially when
two or more dynamic devices are operating in parallel at relatively weak grid locations. The fast-
acting reactive power controllers are identified as a primary contributor to Cl issues. Generally,
if Cl issues are identified at design stages, these issues can be mitigated through careful tuning
of control parameters [2,4].

Based on MHI experience, the following conditions are identified as situations for high potential
for Cl risks:

e The dynamic devices are connected to a weak grid location.
e The dynamic devices provide fast reactive power support.
e The reactive power controllers have comparable response times.

e Devices that can lead to control interactions are Wind, Solar PV, HVDC, STATCOMs and
conventional power plants with fast acting exciters and PSS.

e |nteractions between windfarms.

e Interactions between HVDC ties (Ex: Nemo & Nautilus in Europe) and windfarms.

Interaction with the rest of the AC power system.

ERCOT has dealt with sub synchronous interaction issues for over 10 years and have provided
several useful observations [18].

e SSR/SSCI events were not easily observable.
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o In many ways, the disturbance appeared to be a simple relay trip.
o Detection of oscillations required high resolution measurements.
o PMUs are not suitable for detecting SSCI events.

e Reproducing the disturbance requires detailed analysis.

o Model adequacy and assumptions are critical.

o Need to represent other dynamic devices in the vicinity as well as a significant part of
the ac system in an EMT type simulation setup.

o IPissues when having to obtain vendor level models from different entities.

e Controller tuning is inherently difficult.

o Tuning has to consider a variety of grid conditions and dispatch conditions — tuning to
damp oscillation under a N-x condition may impact robustness of operation under
normal grid conditions (example — Fault Ride Through under normal conditions).

o May require controller re-design (not simply a parameter change) — Damping
controllers for sub synchronous frequency ranges are harder to design, and if not done
judiciously, may impact robustness under normal operation.

e Mitigation is vendor specific, and their participation is required in most situations.

The Maritime Link HVDC, with newer VSC technology, was designed to operate in a “weak grid”
to support the integration of renewables. It was designed to avoid adverse sub synchronous
torsional interactions with existing thermal plants. With the significant increase in IBR and PE,
their control systems interaction with NSPI generation plants requires detailed study to ensure
there is no adverse interactions not only between the PE controls but with the shafts on the
remaining synchronous machines.

5.4.3  Sub Synchronous Control Interaction

When an IBR is connected to a network, the voltage and phase at the IBR terminals are each
sensitive not only to the inverter output but also to the output from other nearby IBR projects
or FACTS devices. This cross-coupling of control loops within as well as between projects
provides many opportunities for resonances and Sub-Synchronous Control Interactions (SSCI)
to manifest. [15]

Sub Synchronous Control Interaction and Instability is a specific concern when IBRs are
connected close to series compensated lines. The IBRs (especially Type 3 wind units) may
provide negative damping to sub synchronous frequency voltage and current transients that
can result due to disturbances near series compensated lines. NSPI does not have series
compensated lines at this time. However, they are under consideration for some studies and
the potential for SSCI will need to be taken into consideration.
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5.4.4  Sub Synchronous Torsional Interaction

Mechanical shafts of generators will undergo transient torque oscillations following
disturbances in the electric network. Large and poorly damped transient torques can damage
the generator shaft or impact the shaft life due to material fatigue. Each occurrence of such an
event will reduce the shaft life. Network events that can lead to large amplitude transient
torque oscillations are system faults, transmission line switching and insertion of series
capacitors.

SSTI due to interaction with power electronic converters:

Power electronic converters and their controls can interact with the natural modes of
generator shafts and give rise to poorly damped mechanical shaft oscillations. A main
objective of EMT study is to investigate possible SSTl impacts due to interactions with power
electronic based devices (STATCOM, HVDC, wind) in close vicinity of generating stations in
transmission system.

Torsional interactions due to network resonance conditions:

In addition to SSTI due to interactions with power electronic converters, transient torque
magnitude and damping can be negatively affected when series compensated transmission
are located in the vicinity of the generator. The addition of series compensation will change
the overall network electrical characteristics (network resonance points) of the system,
when viewed from locations close to the series compensated line ends. Of specific interest
from a sub-synchronous resonance and interaction point of view, is the network series
resonance points at sub-synchronous (below 60Hz) frequencies. During disturbances
(faults, switching, capacitor insertion, etc.), the transient voltage and current waveforms
will contain dominant frequency components corresponding to such resonance frequencies
(fe). The transient sub-synchronous currents entering the electrical machines will lead to
torque oscillations at complementary frequencies (60-fe) and present potential risk to
thermal generators and their mechanical shaft-mass systems.

If a natural frequency (fm) of the mechanical shaft mass system is close to the complement
of the sub-synchronous network resonant frequency (60 — fe), the interaction between the
electrical (generator/line series capacitor) and mechanical systems (long shafts and masses
of thermal units) can result in a unstable resonant condition. This condition can be avoided
through careful consideration at the system planning stage or by adopting necessary system
operating practices.

5.4.5 IBR Low Frequency Oscillations

According to field results and detailed simulation-based studies, the operation of many
inverter-based devices in a weak network area can result in sustained low-frequency
oscillations. The oscillation frequencies are typically in the 8 Hz — 12 Hz range. Even though
these oscillations are small in magnitude and stable, the frequency range is of concern from the
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standpoint of visible flicker. This is a relatively new finding, first observed in Australia around
2019. CIGRE paper? “Practical experience with mitigation of sub-synchronous control
interaction in power systems with low system strength” [15] documents low frequency
oscillation phenomena experienced in Australia. The network contains high numbers of IBRs,
SVCs and STATCOMs and under specific conditions may show network oscillations due to
controller interactions.

This is an important area for NSPI to explore and model thoroughly as they will have high IBR
penetration and solutions for System Strength issues include SVC, STACOM and other dynamic
equipment.

5.4.6 RoCoF

The addition of IBR and the subsequent phasing out of conventional generation in Nova Scotia
has potential to adversely impact the system RoCoF. This in turn will have impacts on the stable
operation of IBRs that are based on grid following technology (current technology) as well as
the ability of legacy plants to stay online during frequency events.

“System Rate of Change of Frequency, A GHD survey of international views, identified RoCoF as
a potential concern as IBR increases [12]:

e System operators are concerned that legacy generators may not be able to comply with the
RoCoF ride-through requirements expressed in grid codes and that failure to ride-through
could further exacerbate a RoCoF event.

e ENTSO-E review of global experience with high RoCoF events suggests that emergency
controls like UFLS may not manage to prevent blackouts if RoCoF exceeds 1 Hz/s measured
over 500 ms.

o NSPI needs a better understanding of RoCoF ride through capability of the existing
generation fleet and DER.

o MHI recommends a survey of NSPI generation plants and DER to determine the RoCoF
needed for NSPI to avoid a cascading event.

e For larger networks, like the European interconnected system, the highest RoCoF events
are expected following events that lead to the formation of islands that are separated from
the primary interconnected system

o When NSPI says connected to the Eastern interconnection during a grid disturbance
RoCoF will be low.

o Asecond AC tie to a neighbouring area would reduce the inertia required to maintain a
low RoCoF. With two 345kV tielines, it would take n-1-1 to island NS. Rather than

2 This paper [15] examines a phenomenon regarding controller interaction that has been observed in transmission
systems with a high penetration of IBR devices and can be reproduced in detailed wide-area models. The paper
looks at the practical consequences of these interactions in a wide area simulation of the Queensland (Australia)
transmission network.
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maintaining a required RoCoF for system design, fast acting jets, FFR or inertia forming
machines could be dispatched out of merit for that short duration when one of the
345kV lines was out of service for maintenance or trip event.

The existing operating guidelines for NSPI would allow for system conditions that could result
in a RoCoF of up to 2.5 Hz/s over a 500ms sample time for loss of the NB tie. For First Stage
studies, NSPI will strive to maintain the current allowable minimum RoCoF of 2.5 Hz/s.

MHI recommends that network response under high RoCoF contingencies be verified through
EMT simulations for the existing RoCoF allowable for NSPI. 2.5 Hz/s on a 500ms sample time is
higher than that usually seen in industry.

5.4.7 Motor Starting

Industrial motor starting has been a critical consideration of the NSPI power system planning
process. With the expected penetration of IBR, EMT study-based verification may be required
in specific situations. Data has been collected from the large manufacturing plants in Nova
Scotia and plant models are under development to assess any adverse impact to the ability to
start large motors via EMT study.

5.4.8 Transformer Inrush

NERC technical report: “Integrating Inverter Based Resources into Low Short Circuit Strength
Systems” [9] raises concerns for the energization of transformers in a weak grid. Transformer
inrush current initial peak magnitude can be significantly greater than the rated transformer
current (3-8 times typically). The inrush currents decay relatively slowly, typically taking few
hundreds of milliseconds to a few seconds to settle to lower (typically around 1% of the rated
transformer current) steady state levels. The high inrush currents can cause voltage dips near
the transformer location. This is specifically an issue when energizing transformers at weak grid
locations. The voltage dip magnitude and the duration can impact the operation of other PE
based plants in the local area. If the voltage dip magnitude and duration exceed the required
low voltage withstand limits of the other plants, there is risk of plant tripping.
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Potential Mitigation Options

Technology to support the integration of renewable energy sources is evolving quickly, in particular
for IBR sites with PE controls. The following are mitigations under consideration to resolve issues
identified as having the potential to have an adverse impact on the Nova Scotia grid. Some
technologies are mainstream and well understood, some are emerging technologies and it remains
to be seen how effective they will be.

6.1 IBR Control System Design

Fault ride-through, control interactions, RoCoF control, and low frequency oscillations are the
primary concerns. The most cost-effective solution, where possible, may be the re-tuning of control
settings or adoption of alternate control strategies (e.g. active or reactive power control, inverter
level voltage control loops). A fast active and reactive power response from an IBR has the potential
to effectively replace inertia from traditional plants.

6.1.1 Mechanical Inertia from WECs

Recent development in WEC turbines allow for the short-term extraction of mechanical inertia
in wind turbine generators. IBR control design can support the fast delivery of this mechanical
inertia to the grid. There are requirements on all new WECs to provide a frequency support
contribution to the NSPI grid and that can include mechanical inertia from the turbine.

6.1.2 Grid Following and Grid Forming Inverters

Typically, IBRs have been grid following — taking a reference signal from the grid and matching
output to synchronize with the grid angle and voltage. System voltage and frequency is
maintained by SIR from synchronous generation sources. This works very well — until it doesn’t.
If there is a lack of additional grid strengthening measures to replace SIR as IBRs increase and
synchronous generators are retired, there is potential for a reduction in System Strength. In a
weak grid, the ability of the grid following inverters to follow and synchronize with the grid is
reduced as voltage can change rapidly and the wave form becomes distorted. Once a grid
following IBR loses synchronism, it may disconnect from the grid. In this scenario, with a large
number of IBR online, a cascading event may occur resulting in significant adverse impact to the
interconnected system. There is ongoing research and study into mechanisms to a keep grid
following inverters online through a wider range of grid events.

Nova Scotia has 600MW grid following IBR at this time and anticipates a future grid with a much
higher penetration IBR. In addition to having grid following IBR ride though on a weak system
(as described above), there is also a focus on having IBRs strengthen the grid locally in addition
to staying online. This approach would have an IBR to operate in “grid forming” mode or with
novel control concepts such as “virtual synchronous machine emulation”.
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Grid forming inverters quickly change output to control voltage and frequency in a manner
similar to a traditional synchronous machine. This energy source for grid forming IBRs can be
batteries, wind, or other sources (PV, energy supplied across a HVDC link) [19, 20]. Grid-forming
controllers have the potential to replace grid following controllers to augment the lower
amount of available SIR in a high renewables grid.

There is significant research and in service projects supporting the advancement of IBR control
systems:

e The NREL paper “Research Roadmap on Grid-Forming Inverters” provides a good overview
of the challenges of increased inverter controls on the power system and the need for
technical and system roadmaps to enable a 100% power electronics grid. Inverter-based,
grid-forming resources will be necessary for the stable operation of the bulk power grid.
[20]

e The Australian National Energy Market operates a high IBR grid in combination with
synchronous generators online in all regions to ensure secure operation of the power
system. As they move to periods of operation with fewer synchronous generators online,
they have identified grid forming inverters as having the potential to support System
Strength over and above what is needed to facilitate their own connection to the grid [19].

e The Dalrymple Battery Energy Storage System, a grid forming inverter BESS in South
Australia, has demonstrated the ability of grid forming inverter control systems to
strengthen the grid by replicating the behaviour and performance of a synchronous
machine, providing reliability and flexibility services such as fast power injection, seamless
islanding and black start of the local distribution network [21, 22]. The addition of frequency
control, System Strength and high fault current from the grid forming BESS can allow higher
levels of renewables to connect and operate.

e The Maritime Link (ML), a VSC HVDC link between Nova Scotia and Newfoundland is an
application of an inverter-based PE control system strengthening the grid. It has
demonstrated frequency support for Nova Scotia during contingency events when all or
part of Nova Scotia disconnected from the North American grid. Fast response over the
HVDC link helped arrest the frequency decline when power imports into the area were lost.
The ML has also supported the island of Newfoundland when generation on the island
tripped off or power imports suddenly dropped. The fast response of the controls provided
a FFR that avoided or reduced the disconnection of customer load to stabilize the grid. The
ML HVDC has also been designed with the capability to startup a blacked-out grid. While
this has never occurred in Nova Scotia, there is always have a plan for “Black Start” This has
traditionally focused on using smaller black start generators to get synchronous resources
back up as fast as possible. As we move to renewables, we will need to redesign our “Black
Start” plan and grid forming controls have the potential to be an important part of that plan.
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6.1.3 Fast Frequency Response

Figure 6 in Section 7.1.2 demonstrates the ability of FFR from an IBR in damping a frequency
deviation for a system disturbance. FFR from HVDC, BESS and other fast acting devices will be a
valuable source of fast response to a drop of generation in NS. Storage device such as BESS that
can provide a sustained response allowing the System Operator to ramp generation will be
particularly valuable. These systems have the flexibility to rapidly change the injection or
consumption of active power depending on state of charge at the time.

6.2 BESS

BESS can support the management of the energy supply in a renewable energy dominated NSPI
system. Additionally, with appropriate specifications, the fast-acting nature of BESS inverters can
also be used to mitigate stability related concerns. BESS systems are potentially the best candidate
in the near term to provide grid-forming and virtual synchronous machine response.

6.3 Synchronous Condensers

The addition of synchronous condensers at selected locations in an electrical system is an effective
technical solution to facilitate high IBR penetration. It is expected that additional synchronous
support will be required for the NSPI grid to enable very high penetration of IBR. The study will also
identify recommended locations and ratings as applicable.

Research and conversation with vendors is also ongoing to better understand the design and
specification of synchronous condensers to support System Strength. For example, static excitation
looks to provide better SCMVA support than brushless excitation. EMT models have been requested
from vendors and assessment of the potential value to better support System Strength is underway.

In addition to System Strength support, synchronous condensers also provide RoCoF support and
frequency oscillation damping during system disturbances.

6.4 FACTS, SVCs, STATCOM, Switched and Static Capacitor Banks

Both fixed shunt devices and dynamic voltage control devices can help mitigate local IBR connection
challenges. The size and locations are identified during the interconnection study process.

6.5 Fast Acting Synchronous Generation

As the penetration of IBR increases, many of the larger synchronous thermal units will be phased
out or operating infrequently. To plan for peak load periods when sufficient wind and imports are
not available, there will be fast acting synchronous generators that can ramp up quickly to meet any
energy shortfall. These sites can be specified to have synchronous condenser capability that can be
dispatched as needed to support the local area when they are not operating as generators,
enhancing the value provided by these new assets.
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6.6 Transmission Connections

New transmission paths will generally strengthen a power system. The more the ties between areas
of a power system the stronger the ability of the system to withstand grid events. For Nova Scotia,
additional transmission connections with neighbouring area could mitigate high RoCoF concerns
and raise SCMVA in the vicinity to the tie line terminus. Two area were noted with the potential to
improve the ability of the greater area to increase IBR resources and operate over a wider range of
system conditions.

6.6.1 Second Tie with NB

The addition of a second 345kV transmission line to New Brunswick would improve System
Strength available from New Brunswick in the Onslow area and reduce the impact of the most
critical contingency of the present system. In particular, the NSPI system can experience high
RoCoF for the loss of the existing 345kV line under high imports. As IBR increases in Nova Scotia,
keeping the RoCoF down may involve significant additional grid support and a second tie is a
viable grid support option. The benefit of a second tie line to reduce RoCoF would be weighed
against the reduction in System Strength if synchronous units are no longer online. In particular,
the eastern and western areas of the province at 69 and 138kV may see SCMVA dip below that
needed to keep WEC facilities online during a system disturbance.

6.6.2 Transmission Reinforcement in Western Nova Scotia

Traditionally a weak area of the NS grid, the western area of the province may need additional
transmission build to support growing load. In the ongoing PSS®E studies, there are voltage and
SCMVA violations for the 2030 load and generation dispatch. As new transmission lines help
support the grid, additional transmission connections in this area may resolve many of these
issues and allow for additional wind projects in this area.

6.7 Operating Guidelines

It is important to consider credible operating conditions when identifying potential issues and
corresponding additional investments to strengthen the system. As an example, curtailing a portion
of wind output during outlier conditions (e.g. high wind / low load, high wind / high AC imports)
may be less expensive than building a system that would be stable under those conditions.
Redispatch for rare combinations of system conditions that are causing an adverse impact may be
more economic than designing the system to run without restrictions for all hours. Curtailed wind
farms can be utilized for AGC control and the ability to ramp quickly providing FFR to the grid.
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Findings and Recommendations

This study scope includes full EMT assessment. Due to delay in getting adequate EMT generation
and load facility models, it was determined that the initial findings and recommendation should be
published immediately. An updated report will be published when the EMT studies are complete.

Findings and recommendations provided in the following sections are based on the following:
e Technical literature reviews on industry experience and best practices.
e Technical workshops and discussions with industry experts including NSPI’s consultant MHI.

e First Stage Studies assessment of inertia (including RoCoF) and SCMVA based on PSS®E
studies, considering the present system and the 2030 projected system.

7.1  Findings

NSPI can incorporate renewables, in particular IBR resources, limited only by the load to be served
and the best economic dispatch to meet target metrics for renewables. There will be technical
challenges and the grid will need significant support as many legacy plants are phased out or
converted to alternate fuels. That said, it is achievable with the existing and evolving technologies.

7.1.1 IBR for Frequency and System Strength Support

A decade ago, IBRs were not considered to provide good frequency and System Strength
support. However, this is changing due to the introduction of new frequency and voltage control
strategies.

In general, for IBRs to provide frequency support they must be operated below their maximum
available power, such that it allows for the power output to increase or decrease as required.
This is counter to typical IBR renewable energy generation dispatch, where they are set to
generate the maximum available power. The NSPI strategy to maximize energy from renewable
resources will allow for curtailment of wind as needed to provide frequency control or AGC
headroom. BESS will also be used for the same support when available. Together these IBR will
provide FFR and be able to change output quickly to meet the tie schedule during periods of
high volatility of wind energy.

IBRs can also provide grid support during voltage excursions, both under voltages or over-
voltages. IBR is generally required to inject or absorb current (1 pu or more of the plant rating)
to maintain fault current levels so that existing system protection and relaying will have reliable
levels of fault current to detect system faults. Most modern IBRs can provide up to 100%
reactive current (lg) during faults, thus contributing to the overall short-circuit MVA of the
system. There is however a caveat to this last statement. Different definitions of short-circuit
MVA should be adopted at this point:
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e Short circuit MVA for fault detection and protection purposes.

o This can include contribution of both synchronous machines and IBRs. This becomes
crucial the weaker the system becomes.

e Short circuit MVA when using this quantity to assess System Strength (for IBR
interconnection screening).

o The prudent approach, due to potential interaction between IBR plants, is to not
consider the contribution of IBRs in the overall calculation of the SCMVA.

7.1.2  Minimum System Inertia and FFR
The PSC study [23] performed for NSPI in 2019 documented the following:

e A minimum of 3266 MW.sec of synchronous inertia will be required for steady state
operation.

o Synchronous condensers generally provide relatively low inertia, with inertia
constants of less than 1.6 MW.sec/MVA.

o High inertia SC designs fitted with flywheels can provide inertia constants of greater
than 5 MW.sec/MVA.

e The kinetic inertia constraint was modeled at 3266 MW.sec minimum online
requirement

e This is derived as allowing an approximate contingency of 500 MW.sec (~1 thermal
generating unit) above the level of 2766 MW.sec that was found to be required for
stability in the 2019 PSC Study

The above was a recommendation based on study with four dispatch cases and did not consider
RoCoF or System Strength. With a greater set of scenarios, studied in this assessment, it was
found that the inertia requirement is not a static number but varies depending on system
configuration and generation dispatch. Based on the First Iteration study results, as
documented in this report, the methodology to maintain sufficient inertia for NSPI will be based
on the RoCoF limit and criteria identified in the previous sections.

Until further research or study dictates otherwise, NSPI will study inertia and FFR based on
current operating guidelines to achieve a RoCoF under 2.5 Hz/s on a 500ms sample time for its
most severe contingency. That said, this metric should be reviewed to determine if it is suited
for a grid with IBR as a high percentage of online generation.

There are many sources of inertia and FFR on the current Nova Scotia grid that contribute to
arresting RoCoF. In addition to the large thermal units, the following also provided support to
arrest frequency decline.

e Small and large hydro plants
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e Biomass facility
e Customer facilities with large machine loads
e Maritime Link with FFR enabled.

In particular, the FFR provide by the Maritime Link provides very good RoCoF arresting
capability. Simulation indicates that the ML with +/- 50 MW on frequency control can generally
perform equivalent to a large synchronous machine with over 700 MW#*s of inertia. This
indicates that grid forming IBR with FFR will be a valuable source of frequency and RoCoF
control. The addition of an additional Voltage Source Converter HVDC source into the Maritimes
Area would also provide an opportunity for frequency support between utilities on either side
of the link. Grid scale batteries can also provide this type of sustained FFR.

Figure 6 below demonstrates the response of the ML (ACTIVE_POWER [MW)]), to a frequency
drop in Nova Scotia during a system disturbance during which Nova Scotia separated from the
North American grid and became an islanded system. The threshold for the ML FFR to activate
is 59.85 HZ. As can seen in the plot, the ML ramped power very quickly to help frequency
recovery in Nova Scotia as it passed the triggering threshold.
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Figure 6: Maritime Link Frequency Response

Based on the above, with new technology and FFR capability, the inertia requirement for stable
grid operation can be a dynamic value based on system load and generation mix. This dynamic
requirement can be met via a combination of traditional SIR as well as FFR from IBR resources
such as the HVDC link and BESS.

The minimum required online inertia requirement for frequency control, including RoCoF, has
a range of 2224 MW*s under light load (Table 3) to 3181 MW*s (Table 2) during winter peak
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conditions. ML FFR can reduce this requirement to 1044 MW*s and 2404 MW*s respectively
for the study scenarios.

As noted, the above assessment addressed only frequency control in line with the original PSC
study. Depending on the location of the frequency support, additional SIR may be required
online at specific locations to maintain SCMVA.

7.1.3  EMT Model Quality

IBR control systems and operating modes are evolving rapidly and have the potential to
strengthen the grid and support a 100% renewable energy dispatch in Nova Scotia. Detailed
analysis of options may provide more targeted and cost-effective solutions to directly address
underlying issues without increasing the short circuit level. In this endeavor, high quality EMT
models of the network and IBRs are essential for understanding the underlying phenomena and
evaluating the possible solutions [15]. To study the effectiveness of these evolving technologies,
vendor provided simulation models allow limited access to control parameters. While most
vendors do provide access to specific inputs such as postfault power, reactive power ramp rates
and plant level control gains, at present, models are frequently not performing well in large
simulation cases and not always a good match for the planned or in service equipment.

The most critical element to developing project specifications and requirements is to have
robust EMT models of the existing and proposed facilities as well as for new and evolving
technology.

7.1.4 Operability

As the grid moves to higher penetration of IBR, reduced SCMVA that occurs due to forced
outages and planned maintenance will need an assessment for SCMVA and IBR stability. This
may be in the form of updated guidelines or real time studies. Real time data needs may
increase substantially and real time calculations for inertia and SCMVA at critical buses may
need to be visible to Transmission Operations staff.

e Distributed Energy Resources

Increases in the total MW of DER and other behind the meter generation will pose a risk as it
may not have the associated System Strength to remain stable during system disturbances. As
IBR generation sources not controlled by the System Operator become a larger percentage of
online generation, detailed study will be needed to understand the potential impact. At this
time, it is not modelled or considered in the system studies as an IBR source due of lack of
models.

e  Protection and Control

The expected short circuit levels, considering fault current contribution from IBR as well as
without a contribution from IBR is noted in the above. This information and EMT study results
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should be reviewed by protection engineers to verify that the reduced fault current levels will
not impact existing relay performance. The contribution of negative sequence current from
generation sources for the new grid configurations should also be reviewed for Protection
device impacts.

e Motor Load Customers

Motor starts as noted in Section 5.4.7 and other reliability concerns for the industrial customer
should be assessed for any significant change in point of interconnection conditions. As the
transition to 2030 progresses, individual site specific studies will be needed to identify any
issues that may require mitigation.

e Transformation

Inrush issues may arise as noted in Section 5.4.8 and will be evaluated on a case-by-case basis
as new plants and equipment are connected to the grid.

7.2 Recommendations

The following recommendations are advised to enable large scale integration of Inverter Based
Resources in Nova Scotia.

7.2.1 Stable and Reliable Integration

Recommendations to facilitate the integration of renewables on the timelines in place for Nova
Scotia:

e Based on study to date, there are significant concerns for the ability of the existing and
future generation fleet to ride through high RoCoF events. It is recommended that network
response under high RoCoF contingencies be verified through EMT simulations. The existing
allowable RoCoF for NSPI may be too high, which could lead to cascaded tripping for loss of
the NS/NB tieline under high import conditions. It should be noted that when NSPI stays
connected to the Eastern interconnection, the RoCoF will be low. A second tieline in service
would remove the RoCoF constraint. For the short timelines associated with a forced or
maintenance outage for a NS/NB tieline, out of merit dispatch of hydro and fast acting
generation in Nova Scotia would mitigate potential grid restrictions.

e Survey NSPI existing legacy generation plants and DER to have sight of the RoCoF ride
through capabilities. If the survey identifies potential for widespread cascade tripping, the
existing RoCoF limit of 2.5 Hz/s on a 500ms sample time as a system design metric will
require further study to determine the system support needed to reduce the RoCoF to that
acceptable to NSPI.

e Regularly review and recommend updates to the Transmission System Interconnection
Requirements to address concerns identified during system study (RoCoF, models,
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harmonics, voltage, BESS, Solar, grid forming requirement for IBR). MHI has provided
recommendations for additions and revisions to the existing requirements for the next TSIR
revision.

Update Distribution System Interconnection Requirements to align with IEEE 1547-2018
Category 3 for RoCoF. It may be necessary to specify type and RoCoF class for future DER as
there is the possibility of a cascading tripping event under maximum RoCoF conditions. See
Section 3.2.

As existing wind PPAs terminate, where feasible, require additional inertia support and
other upgrades to meet the current grid code to avoid unnecessary curtailment and to
support the addition of additional IBR facilities. The performance of many of these existing
facilities in a high IBR grid is well below that expected of newly connected facilities.

Perform incremental studies for each wave of load and generation additions, and
generation retirements to the NSPI grid. The cases for this analysis studied the 2030 grid
with the load as forecast in 2020. Due to the limitations of SCR as a planning metric, MHI
recommends NSPI conduct a full grid study in PSS®E and PSCAD™ for each round of new
IBR to be added to the NSPI grid to identify transitory conditions or operational challenges.
For the next wave of wind integration, well before 2030, the studies should look at
confirmed in service changes to the system and updated load forecast. All system operating
guidelines will need review, and many will need to be updated; this is estimated to require
1 to 2 years to complete.

As synchronous plants are retired, additional grid support for inertia and System Strength
is expected to be required. It is recommended that studies be undertaken to determine the
optimal locations for the grid support. Rather than in the eastern area of the province,
where the existing thermal fleet is concentrated, there may be benefit in spreading the grid
support mechanisms around the province. For example, today the Valley and Western areas
of the province are weaker areas of the grid.

7.2.2  Resource Planning for High IBR Penetration

Recommendations to facilitate current and future economic generation dispatch for increased

renewables on the timelines in place for Nova Scotia:

Update IBR and inertia constraints for Plexos modelling.

Adequate frequency response is highly dependent on system load, particularly for RoCoF.
Under certain conditions, higher inertia requirements than currently used in resource
planning have been identified, see Section 3.2. FFR is also demonstrated in simulation as a
good replacement for at least some traditional inertia to support both RoCoF and frequency
damping. Develop a sliding scale for Inertia/FFR and system load as an input to future
dispatch scenarios.

44





Frequency Control and System Strength Assessment
S

e Therequirement for inertia to support the Nova Scotia grid is not completely removed with
the addition of a second NS/NB tie. It is reduced and should be captured in the metric
identified in the bullet above. Specifically, inertia or its equivalent, will be required in the
long term and day ahead planning to maintain the SCMVA required for stable operation.

e Until technology evolves such that all online generation resources provide SCMVA as with
a traditional grid, online SCMVA to maintain System Strength at critical buses will be a new
metric to input into resource planning. It will need to be dynamically planned and
dispatched in the future grid as it will be highly dependent on the generation mix online.

At the present time, studies indicate that there is no hard limit on IBR penetration and dispatch
if there is adequate frequency and System Strength support online.

7.2.3 Good Planning Practice

Recommendations to implement good planning practices to the integration of renewables in
Nova Scotia:

e  MHI recommends performing an annual assessment of NSPI System Inertia and Strength
requirements in the 10-year horizon to identify potential issues. See Section 2.2. Include
FOR and planned maintenance outages in assessment. Confirm a generating unit outage
can be managed with operating guidelines and/or out of merit dispatch.

e Document and publish updated model requirements for Load and Generation customers.
See Section 5.2.

o It is recommended that NSPI publish specific model requirements for all load and
generation connecting to the NSPI system that will require detailed PSS®E and PSCAD
modelling.

o It is recommended that NSPI publish a document outlining the model quality and
dynamic response tests performance required as validation for the submitted models.

e Perform a system study of the expected load growth and hydro generation availability for
western Nova Scotia. For the planned 2030 grid, small hydro plants in the western area of
the province must run or some portions of the grid will disconnect and go offline due to low
System Strength during some simulated system disturbances. NSPI System Planning should
assess whether additional resources are required to address this concern.

e Maintain SCMVA as per Section 4.1 unless studies determine that lower levels do not
adversely impact NSPI customers.

7.2.4 System Operator Transition to High IBR Grid

Recommendations to support the System Operator transition to a grid with high IBR online.
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e Develop a methodology to estimate the minimum SCMVA and SCR online prior to the
addition of additional IBR (WEC, BESS, HVDC etc.) to the NSPI grid for operating guidelines
and Outage Coordination.

e Develop a methodology to estimate the inertia online to maintain the minimum SCMVA
required for a stable grid prior to the addition of additional IBR (WEC, BESS, HVDC etc.) to
the NSPI grid.

e Review and update all operating guidelines, as required, for the NSPSO in advance of next
round of Transmission connected IBR (WEC, BESS, HDVC etc.) wind integration. EMT study
will be required.

7.2.5 Black Start Restoration Planning
Recommendation to support restoring a blacked out grid:

e Review and assess potential Blackstart options for the planned 2030 grid, considering the
generation mix available a that time.
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Executive Summary

Nova Scotia has established a formal goal to transition to net zero carbon emissions by midcentury?, in
alignment with Canada’s federal target and targets set by other climate-leading nations. Achieving this
goal requires rapid transformation of the way Nova Scotians produce and use energy in buildings,
transportation, and industry. Coordinated near-term action across the economy will be essential to
meeting Nova Scotia’s goals at low cost, as shown in studies of Nova Scotia and across North America.

A common finding of economy-wide net zero carbon pathways studies is the need to accelerate
electrification of transportation and building end-uses to reduce carbon emissions in those sectors?. In
addition to reducing carbon emissions, electrification can reduce consumers’ total energy bills and
improve public health. Nevertheless, accelerating customer adoption of electrified technologies requires
overcoming various hurdles, including high up-front costs and the need for enabling infrastructure to drive
adoption, as well as ensuring a reliable electric grid to support substantial load growth. Electrification can
also have a significant impact on the need for new electricity infrastructure, requiring careful planning to
minimize these impacts and ensure a seamless transition.

Nova Scotia Power engaged Energy and Environmental Economics, Inc (“E3”) to assess questions related
to its’ approach to initiatives aimed at electrification. This study supports Nova Scotia Power with an
assessment of key potential “beneficial electrification” measures. For purposes of this study, we follow
the definition proposed by the Regulatory Assistance Project: “to be considered beneficial, or in the
public interest, electrification must meet one or more of the following conditions, without adversely
affecting the other two:

1. Saves consumers money over the long run;

2. Enables better grid management; and

3. Reduces negative environmental impacts”

Key study questions to inform Nova Scotia Power, policymakers, and stakeholders in developing
electrification strategies and planning include:

+ Jurisdictional Scan: What role is electrification playing in helping jurisdictions across North
America make progress toward Net-Zero?

+ Economics: What are the benefits and costs of adopting key electrified technologies—electric
vehicles and heat pumps for this study—from the perspective of adopters, ratepayers, and the
province?

1 Environmental Goals and Climate Change Reduction Act defines Net-Zero in Nova Scotia as “balancing greenhouse gas
emissions with removals and other offsetting measures” (Bill No. 57, “Environmental Goals and Climate Change Reduction
Act”, 2021)

2 See Nova Scotia Power’s Phase 1 Pathways Report, available here: https://irp.nspower.ca/files/key-
documents/scenarios/20200225-revised-E3_NSPI_Pathways_Study.pdf

3 Beneficial Electrification: Ensuring Electrification in the Public Interest. https://www.raponline.org/wp-
content/uploads/2018/06/6-19-2018-RAP-BE-Principles2.pdf
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+ Utility Planning & Program Recommendations: What are the aggregate impacts of
electrification on Nova Scotia Power’s electricity sales and peak demands over time, and how
should the utility proactively plan for these to minimize the cost of serving new electrification
loads? What program design elements should Nova Scotia Power, or partners, put in place to
encourage and enable beneficial electrification in the near term?

Analysis Highlights

=+ Electric vehicles reduce carbon emissions, save customers money, and produce average
ratepayer savings. However, higher up-front costs, insufficient infrastructure, range
anxiety, and other factors are challenges to adoption and realizing benefits at scale.

+ Time-of-use rates and vehicle-grid integration (V1G and V2G) offer opportunities to
reduce customer costs, integrate load flexibly, and manage peak impacts.

-+ Adoption of cold-climate heat pumps by fossil and electric resistance residential
customers reduce carbon emissions and provide significant provincial benefits. The
consumer economics currently are favorable for many residential customers, though
outcomes depend on current fuel prices and electricity rates, existing heating system,
heat pump sizing and performance, and rebates.

+ Winter peak impacts on the electricity system from cold-climate heat pumps can be
mitigated by encouraging hybrid (mini-split) systems and best-in-class performing heat
pumps.

Study Context

To align with Nova Scotia’s Environmental Goals and Climate Change Reduction Act, which sets
greenhouse gas (GHG) emissions reduction targets of 53% below 2005 emissions by 2030 and net-zero by
2050, Nova Scotia Power is proactively planning for a future that requires a significant energy supply
transformation and potentially equally large-scale shifts in energy demands. In 2019, E3 worked with Nova
Scotia Power to develop a deep decarbonization pathways analysis that included an array of economy-
wide decarbonization scenarios highlighting the central role of the power sector in all deeply decarbonized
futures. In 2020, Nova Scotia Power filed its 2020 Integrated Resource Plan, which included electrification
assumptions based on the Pathways Study scenarios. Given the significant planning implications, the IRP
identified electrification as a key action item for the utility to assess through a subsequent electrification
strategy.

This report provides E3’s assessment of key considerations for Nova Scotia Power as it supports
provincial electrification and provides outputs from supporting analyses E3 developed on behalf of Nova
Scotia Power.
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Scope of Analysis in this Report

As noted above, this report provides results from two key analyses. To assess the cost-effectiveness of
electrification®, E3 analyzed the marginal costs and benefits of building and transportation electrification
from three key perspectives:

+ Participant Cost Test (PCT): What are the total benefits of adopting an electrified technology
relative to the costs over the technology lifetime, from the perspective of adopters (electric
vehicle or building owners)?

+ Ratepayer Impact Measure (RIM): What are the costs and benefits to all non-participating
ratepayers — will average utility rates increase or decrease from marginal adoption?

+ Societal Cost Test (SCT) from the perspective of Nova Scotia: What are the costs and benefits,
inclusive of non-monetized externalities, of adopting the electrified technology to the province
as a whole?

The cost-benefit analysis is done on a marginal basis — reflecting the incremental costs and emissions
associated with serving electric load from a new electric vehicle or heat
pump by the marginal generator in each hour of a given year, based on
. . asks: What are the incremental
the adoption year and expected usage patterns over the equipment .
o g o ) benefits and costs of an
lifetime. Marginal costs and emissions rates were provided by Nova | ,.qitional electric vehicle or
Scotia Power from modeling scenarios of a mid-electrification | heat pump on Nova Scotia’s
trajectory. Marginal costs could change significantly over time | Grid? This serves asa
depending upon the pace and scale of electrification, the changing mix | complement to IRP PLEXOS
. . analysis of the total impacts of
of resources used to provide energy, notably increased renewable e ;
) o ] electrification loads on the grid.
penetration, and demand side interventions to manage new load.
Because Nova Scotia Power is greening its grid over time, sales-
weighted averages of marginal emissions from electrification fall over time and for adoption in future
years. The design of new or additional carbon policies will also influence marginal costs and emissions
rates through their impact on the portfolio over time. In addition, energy prices will continue to affect the
marginal costs of electrification as well as the costs of relying on the counterfactual fuels. In this study,
because the electricity marginal costs reflect the 2020 IRP, they reflect energy market prices and

Marginal cost-benefit analysis

projections at that time.®

Electrification at scale will also generate system-level load and peak load impacts. In parallel to the above,
E3 developed a set of electrified load shapes under scenarios that reflect different customer technology
choices, their performance characteristics and utility load management strategies. For these scenarios,
unless otherwise noted, the results shown exclude the additional impacts of energy efficiency measures,

4 We note that this study is focused on building heat pumps and electric vehicles. Other energy-consuming sectors with
potential for electrification (e.g., industrial sector) and other off-road transportation end uses were not included in this study.

5 We note that given different data sources for different energy inputs (e.g., electricity from Nova Scotia Power, gasoline from
Canadian Futures, and oil based on benchmarking to local sources and scaling using public forecasts), they may reflect
somewhat different energy price conditions and future assumptions. Future energy prices are an important source of
uncertainty in this study, and any differences across the different projections are an inherent limitation on this work. E3
worked with NSP to evaluate some price sensitivities as part of internal modeling, and this will be an important area for NSP’s
ongoing tracking as it monitors and supports electrification in this province.
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for example those introduced through codes and standards or those developed by EfficiencyOne (E1).
Studies by E3 and others across North America demonstrate that coupling electrification with investments
in energy efficiency (e.g., building shells, weatherization) is critical to ensuring cost effective
decarbonization. Analyses presented in the appendix demonstrate the potential benefits of illustrative
building shell energy efficiency measures on building load and peak impacts.

Key Analysis Findings

The analysis generated several findings related to electrification in Nova Scotia.
Key Finding 1: Building and transportation electrification reduces emissions in Nova Scotia.

In all transportation and building electrification scenarios evaluated, incremental CO, emissions from
electricity generation to meet vehicle charging and building loads were lower than the offset emissions
from fossil fuel end uses. For example, adoption of a light-duty vehicle today reduces emissions by almost
20 tons (about 50%) over the vehicle lifetime compared to an internal combustion vehicle. Results for
several technologies evaluated are shown in Figure ES-1 below. Emissions benefits also increase with time,
as the electric grid becomes greener through coal-fired generation phase out and investments in wind
and clean imports.
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Figure ES-1. Lifetime CO; emissions savings for electrified transportation and building
investments by representative customers, adopted in 2022 (Lifetime CO; in tonnes shown in

bar)
686 i

484

0.8

0.6

04

Normalized per vehicle
lifetime CO2 emissions

0.2

0

ICE EV ICE EV ICE EV

Light-Duty Vehicle Parcel Truck Transit Bus

Notes: Normalized per vehicle/home CO2 emissions over the lifetime of the selected vehicle or building, with total
emissions labeled within the bar in tonnes (metric). The emissions for ICE vehicle and fossil or electric resistance
buildings are normalized to 1 and electrified transportation and buildings are scaled to their relative counterfactual.
(*) Buildings graph assumes all-electric current heat pump performance (coefficient of performance of 2.7 at -8°C).
The representative fuel oil customer modeled in the figure above has slightly lower emissions than their ER
counterpart given the oil heat pump was a larger size (2 ton vs. 0.5 ton) and operating at a higher COP on average.

Key Finding 2. Most transportation electrification investments produce benefits that exceed costs from
the perspective of drivers, utility ratepayers and Nova Scotia.

While electric vehicles have higher up-front costs today, drivers benefit from existing rebates, avoided
gasoline purchases, and lower maintenance costs over time. Driver benefits are slightly greater when
drivers adopt time-of-use rates and drivers respond to the rates by shifting their charging to off-peak
periods. Likewise, utility ratepayers benefit as electricity sales exceed the cost of supplying electricity.
From the provincial perspective, Nova Scotia benefits not only from the net cost savings and the influx of
federal rebate dollars, but also from the societal value of avoided emissions, which grows over time.
Similar dynamics underpin the analysis of adopting parcel trucks and transit buses in the province, as
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presented in the report body; light duty vehicles and parcel trucks generate net benefits today, and transit
buses are expected to yield net benefits by mid-2020s. Finally, the economics of adopting electric vehicles
are expected to improve with forecasted battery cost declines, enabling light-duty electric vehicles to
achieve cost parity with combustion-based vehicles over time, though significant near-term supply chain
uncertainties exist.

Figure ES-2. Net present value of costs and benefits of adopting light-duty vehicle in 2022,
assuming managed charging with load management using vehicle-grid integration

Light-duty Vehicles
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Notes: The benefit estimates vary across scenarios based on rates, fuel costs, incentives, and marginal electricity
costs. Results have been rounded to the nearest $100. The figure above assumes (not exhaustive): managed charging
with VGI to smooth loads, TOU electric rates, base gasoline and diesel prices, and a 12-year vehicle lifetime. Light-
duty vehicles receive a $3,000 provincial rebate and $5,000 federal rebate.
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Key Finding 3. While building electrification yields net benefits for Nova Scotia, policy may be required
to encourage adoption of duel-fuel and highest performing equipment that minimizes peak impacts and
avoids adverse impacts to electric ratepayers.

The economics of building electrification from the customer perspective can be more uncertain than a
similar transportation analysis, dependent on current and uncertain future fuel prices and electricity rates,
building type and size, counterfactual heating system, and technology choice. This study evaluated a
selected set of representative electric heat pump options— including “current” or “average” performance
cold-climate air source heat pumps, “best-in-class” cold-climate air source heat pumps, and “hybrid” or
dual-fuel mini-split air source heat pumps, which rely on retaining fuel back-up—from the perspective of
representative current electric resistance, fuel oil, wood, and natural gas customers. Broadly, the
economics for mini-split and current performance heat pumps are more favorable, with selected
conversions generating net positive benefits today and many choices being strongly net positive for
participants by 2030. Duel-fuel mini-split systems, in which an air source heat pump is paired with back-
up fuel oil, offers particular advantages by reducing fossil usage through electrification of most load, while
minimizing peak impacts and therefore electric infrastructure needs through switching to fossil back-up
for the coldest hours. Given currently high fuel prices, the customer economics of best-in-class heat pump
adoption also appear economic and can reduce peaks, given the operating cost savings from using a more
efficient appliance. That said, current performance all-electric heat pumps adopted at scale would
generate higher system peak impacts than best-in-class heat pump adoption. This trade-off requires
careful consideration: the economics are highly uncertain and will be influenced by the marginal cost to
serve large amounts of new load, as well as the rate of heat pump technology cost decline, the influence
of high fuel prices on future electricity rates, rate design, oil prices, and other important variables. Finally,
we note that although not within scope for this study, existing research suggests that electrification is
likely to remain a cheaper option than decarbonized fuel for most homes. Similar, although not evaluated
here, the economics of new construction are much better than retrofits, and these costs should be
evaluated in future work.®’®

6 Maryland Commission on Climate Change, “Building Energy transition Plan: a roadmap for decarbonizing the residential and
commercial building sectors in Maryland,” November 2021,
https://mde.maryland.gov/programs/air/ClimateChange/MCCC/Commission/Building%20Energy%20Transition%20Plan%20-
%20MCCC%20approved.pdf (pg. 7)

7 E3, “Financial Impact of Fuel Conversion on Consumer Owned Utilities and Customers in Washington, May 2022,
https://www.commerce.wa.gov/wp-content/uploads/2022/06/Financial-Impact-of-Fuel-Conversion-on-Consumer-Owned-
Utilities-and-Customers-in-Washington-Final-Report.pdf (pg. 3)

8 Massachusetts D.P.U. 20-80, The Role of Gas Distribution Companies in Achieving the Commonwealth’s Climate Goals:
Independent Consultant Report, Technical Analysis of Decarbonization Pathways, March 2022,
https://thefutureofgas.com/content/downloads/2022-03-21/3.18.22%20-%20Independent%20Consultant%20Report%20-
%20Decarbonization%20Pathways. pdf

The Economics of Electrification in Nova Scotia 12



https://mde.maryland.gov/programs/air/ClimateChange/MCCC/Commission/Building%20Energy%20Transition%20Plan%20-%20MCCC%20approved.pdf

https://mde.maryland.gov/programs/air/ClimateChange/MCCC/Commission/Building%20Energy%20Transition%20Plan%20-%20MCCC%20approved.pdf

https://www.commerce.wa.gov/wp-content/uploads/2022/06/Financial-Impact-of-Fuel-Conversion-on-Consumer-Owned-Utilities-and-Customers-in-Washington-Final-Report.pdf

https://www.commerce.wa.gov/wp-content/uploads/2022/06/Financial-Impact-of-Fuel-Conversion-on-Consumer-Owned-Utilities-and-Customers-in-Washington-Final-Report.pdf



Executive Summary The Economics of Electrification in Nova Scotia: The Economics of Electrification in Nova Scotia

Figure ES-3. Net present value of adopting heat pump technologies for selected cases

Adoption of Average Performance All-Electric ASHP in 2022
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Notes: Results shown here are the costs and benefits for a single-family home on a flat rate. Adoption of heat pumps
amongst current electric resistance customers presents a net ratepayer cost as the more efficient system reduces
bills more than estimated electric supply costs. The incremental appliance cost of a heat pump compared to electric
resistance counterfactual system is lower than utility bill savings. Switching to a heat pump from a fuel oil system
creates net benefits for the homeowner. Mini-split customers are assumed to maintain their non-electric heating
system for use during peak periods, leading to ratepayer savings in that scenario. Retail fuel oil prices in 2022 are
assumed to be $5.56/therm ($2.03/L) and electricity rates are $0.1622/kWh. In 2022, the cost of a best-in-class heat
pump installed in single family home currently using fuel oil is $16,000; the cost of an average performance heat
pump is $10,869; and the cost of the dual-fuel mini-split is $6,500 (not including furnace replacement). See section
9.2 for detailed BCA assumptions.

Key Finding 4. Utility actions to manage transportation loads will be crucial to minimizing costs and
achieving ratepayer benefits.
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In the transportation sector, time of use rates and aggregating and smoothing loads to avoid “rebound
peaks” will be valuable as adoption advances; unmanaged transportation electrification, assuming typical
driver behavior under scenarios consistent with 100% EV sales by 2035, could generate over 1000 MW of
evening peak load in Nova Scotia by 2050 (as shown in Figure ES-4 below). Simulations that incorporate
driver responses to Nova Scotia Power’s current time-of-use (TOU) rate shift load out of peak hours but
create a strong rebound in charging demand when the off-peak period begins. A version of “smart”
programs to complement TOU rates will likely be needed to avoid unintended consequences of “rebound”
peaks at the beginning of off-peak hours. These programs can be enabled through technologies that
provide vehicle-grid integration (VGI), which allows utilities to communicate with home technologies and
coordinate charging load to when electricity supply costs are lowest.

Figure ES-4. Peak winter weekday loads from 2025-2050 with increasing light-duty vehicle
loads

4000 Unmanaged Managed with TOU 4 Managed with TOU
Only ] + Smoothing via
VGI
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Note: VGl in the figure above reflects the assumption that the utility is managing and shifting charge to flatten overall
load impacts.

Key Findings 5. Encouraging adoption of advanced building technology such as high performance all-
electric heat pumps and dual-fuel heat pumps will be essential to mitigate peak load impacts. Equally
important will be coupling new heat pumps with continued building shell and other energy efficiency
measures.

Current performance heat pumps can generate incremental coincident peak impacts of over 1000 MW
(non-coincident impacts can be even larger, at over 1100 MW by 2050). Building enough generation,
transmission, and distribution capacity to serve this load could be costly. High performance heat pumps
as modeled in the Best-in-Class scenario could reduce coincident peak impacts by almost 70 percent,
significantly reducing the need for new firm generating capacity (see Figure ES-5 and Figure ES-6 below).
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While the cost-benefit analysis estimates slightly lower ratepayer benefits from the adoption of best-in-
class heat pumps, this finding is sensitive to estimates of the marginal electricity supply costs, inclusive of
generation, transmission, and distribution. When electrification occurs at scale, the marginal cost to serve
load from new heat pumps could trigger significant new investments in generation, transmission and
distribution as heat pumps add new load to existing winter peaks when adopted in buildings currently
using fossil fuels for heating; this in turn would reduce ratepayer benefits of current performance heat
pumps, adding urgency to the need to incentivize best-in-class heat pumps and dual-fuel heat pumps to
reduce the peak load impact. Increased wintertime peak loads are especially challenging on the Nova
Scotia Power system, which in the future will need to in large part rely on peaking facilities fueled by either
natural gas (with associated carbon costs) or a clean substitute such as green hydrogen to meet system
peaks. (Note that net ratepayer impacts will depend on utility revenues, a function of rate design, from
electrified load relative to the costs to serve that load.)

Figure ES-5. Noncoincident peak impacts of building electrification: 1-in-10 impacts
increasingly important to consider as electrification is pursued at scale
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Figure ES-6. Components of non-coincident peak impacts from building electrification
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Figure ES-7. Peak winter weekday loads from 2025-2050 with increasing building heating
loads (buildings plus system load peak impact)
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Recommendations for Nova Scotia Power

Electrification has the potential to provide significant benefits to Nova Scotians by reducing total energy
expenditures and lowering the province’s overall emissions footprint. However, realizing the full
benefits of electrification will require actions from a range of parties, with no one group, stakeholder, or
the utility able to drive the transformation alone. In Nova Scotia, Nova Scotia Power plans, operates,
maintains, and balances the majority of the grid assets needed to power widespread electrification and
therefore is well positioned to proactively identify and support initiatives to advance electrification,
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particularly those to meet reliability, affordability, and equity goals. Nova Scotia Power should
proactively collaborate with its partner, E1, to identify and prioritize investments with the greatest
customer and societal benefits. Nova Scotia Power should also work with other partners and
stakeholders, particularly E1, to execute on these recommendations. The recommendations below
highlight key utility actions for Nova Scotia Power as it implements its electrification strategy. We note
that these recommendations are derived both from the analysis as well as from the jurisdictional scan
and E3’s broader experience working on utility electrification across North America.

Short-term Actions, Customer Programs & Capital Investments

Recommendation 1. Design and promote increasingly dynamic rate structures that encourage adoption
and minimize costs, including expanding current time-of-use rates to the full year and gradually moving
to rates that reflect the marginal cost to serve load.

+ Implement dynamic rate design®: Transportation loads in particular are a flexible source of new
load for utilities across North America. Better alignment of retail rates with the marginal costs to
serve load lowers costs to ratepayers and provides EV adopters opportunities to shift their
charging to lower cost hours (e.g., periods of renewable generation). More efficient rate
structures reflect the costs of interconnection, capacity, and energy services by time of day,
while appropriately compensating customers who can provide system services (e.g., energy,
load flexibility) themselves. Rate designs that encourage shifting can reward users through
lower rates during these lower cost times, improving the economics for adopters and helping
avoid the need for costly infrastructure upgrades. While today, the most common utility rate
design is a time-of-use rate, these do not realize the full benefits associated with home/vehicle
to grid integration, and more dynamic price signals that vary with grid conditions will provide
even stronger incentives for shifting load. The SDG&E Grid Integration Rate (GIR) piloted from
2018-2020 is a good example that included day-ahead hourly prices with adders for system and
distribution peak hours. SDG&E reports indicate that the GIR rate was effective at shifting
charging from peak hours in early evening to outside of the peak period.'® Another example,
though based on a much larger jurisdiction with a carbon-neutral target, is New York’s Smart
Home Demonstration Projects, designed to demonstrate how alternative rate structures with
customer price signals can optimize value for the customer and the system. Customers were
given home energy management technologies and signed onto a rate structure reflective of day-

9 The conceptual ideal multi-part rate design includes: 1) a dynamic hourly energy rate that is low in most hours of the year
when zero/low variable cost resources are abundant and on the margin; 2) a long-run marginal cost-based coincident
demand charge or hourly allocation of long-run marginal capacity costs that encourage reducing and shifting load out of a
relatively small number of hours driving new investments in generation, transmission, and distribution capacity; and 3) non-
bypassable customer charges designed for equity that recover remaining embedded and unavoidable fixed costs.

10 Despite the program’s success, challenges included software customizations. It was also noted that because direct charging
control was not included in the project, VGI could not be utilized to its fullest capacity for renewable integration and
distribution system management. For more information see:
https://www.sdge.com/sites/default/files/regulatory/SDG%26E%20FINAL%20Power%20Your%20Drive%20Research%20Rep
ort%20April%202021.pdf. Initial filing available here: Microsoft Word - Application Testimony Chapter 5 - Rate
Design CF final.docx (sdge.com)
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ahead hourly locational-based marginal prices.!* While this type of pilot would likely require
larger investments, it’s useful to consider as an “aspirational” longer-term goal.

In this instance, E3 does not believe that submetering or installing a second meter for
EVs is necessary to support EV adoption in the near-term. These options have generally
been costly, and have faced implementation challenges, including for submeters,
challenges related to accuracy and the ability to do utility-grade metering for billing. This
may change in future years as more VGI and particularly V2G opportunities are
implemented. In the immediate future, E3 believes it’s more important to focus on
whole-home rate designs that reflect the costs of supply.

-+ Drive customer transition: A transition to more dynamic rates requires significant customer
outreach and education and should be implemented gradually to ensure customers can adjust
their behavior and avoid abrupt bill changes. Pilot programs and opt-in rate designs allow
customers to transition at their own pace and directly experience benefits over time. Nova
Scotia Power is advancing opt-in Time Varying Pricing (TVP) and Critical Peak Pricing (CPP) pilots
for this purpose, with an interim report currently filed with the Board*. This approach is aligned
with E3’s recommendation that Nova Scotia Power start with opt-in and transition to opt-out
once benefits and successful customer outreach strategies are well established. California’s
transition to default, opt-out TOU rates has taken over five years and was hampered by early
customer complaints and confusion. At the same time, customers with EVs and PV have
generally been positive about opt-in TOU rates.*?

Leverage advanced metering infrastructure (AMI) to manage loads for the benefit of
all customers: AMI, or smart meters, which measure and record electricity usage data at
least hourly, are required for more dynamic rate designs and demand response
programs. AMI enables widespread adoption of TOU rates, which are a good starting
point for encouraging load to shift from on- to off-peak periods. However, TOU rates do
not facilitate customer responsiveness to the specific hours with the highest or lowest
costs and GHG emissions and can cause secondary peaks at the start of the off-peak
period. As customers adopt more flexible DER such as energy storage, EVs and electric
water and space heating, more dynamic rate and load management strategies will be
needed to maximize their value for both Nova Scotia Power and the customer. Enabling
more dynamic strategies for flexible electrification technologies will require work in
several areas, including cost-effective communications, metering and interconnection
requirements.

Vehicle Grid Integration (VGI): An early use case will be VGI, which includes managed
one-way charging (V1G) as well as two-way charging and discharging, including vehicle-

11 NY Smart Home Rate Demonstration Projects - LPDD

12 M09777: Time Varying Pricing Pilot Program Nova Scotia Power Interim Report, July 29, 2022

13 This approach can also be taken a step further to drive electric adoption by offering electric rates specifically for all-electric
customers who adopt heat pumps. At the same time, care must continue to be taken to ensure that rate designs do not
generate cost shift.
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to-grid (V2G) and vehicle-to-building (V2B) services. VGI services are broadly categorized
as “passive” (e.g., responding to a TOU rate) and “active” (e.g., providing a verified
response to a dispatch signal). Passive V1G services are feasible today and widely
adopted with AMI. Active and V2G strategies require more enabling technology and
policy changes, but also have potentially significant incremental value if those
challenges can be addressed in the coming years. E3 recommends that Nova Scotia
Power continue its roll out of TOU and CPP rates, and quickly scale existing investments
in V1G with AMI, while finishing the Smart Grid NS pilot that includes V2G technology.

Recommendation 2. Work with E1 to provide rebates to help customers overcome high up-front costs
of electrification, with the utility focused on technologies that provide ratepayer benefits.

-+ Spur electrification with ratepayer benefits: Rebates can help customers overcome
electrification first-costs. While the government should support adoption aimed at achieving
the societal goals and benefits of electrification, the utility role should be distinctly focused on
encouraging technologies with better RIM (ratepayer impact measure) test results. EVs and oil-
to-heat pump conversions will yield net revenues to the utility and thus ratepayers, due to an
increase in sales relative to the cost to serve new loads. These revenues can help fund incentives
or rebate mechanisms that increase adoption and create benefits to Nova Scotia, while at the
same time reducing upward pressure on electricity rates. As shown in the BCA analysis,
electrification of certain buildings and transportation segments generate ratepayer benefits that
are less than the incremental cost of electrification from the participant perspective. For certain
customers, ratepayer funded rebates will be insufficient to incentivize electrification.'* Thus,
non-ratepayer sources of funding will be needed to support near-complete levels of
electrification without negatively impacting non-participating ratepayers.

e Transportation rebates: Despite net benefits for participants over the lifetime of the
vehicle, electric vehicles of all classes are still expected to have incremental up-front
costs until the early to mid-2030s, with a payback period estimated at three years for
light-duty vehicles. Because electric ratepayers benefit from EV adoption through lower
average electric rates, a portion of ratepayer benefits associated with electric vehicles
could be used to support adoption through up-front vehicle or charging infrastructure
incentives.

e Space heating rebates: Payback periods for heat pumps can take several years. For
existing oil customers, hybrid dual-fuel heat pumps (i.e. mini-splits) are typically already
cost-effective, and encouraging adoption of dual-fuel heat pumps with new rebates could
generate provincial benefits through avoided fuel and emissions. Without rebates,

14 This is partially driven by the large magnitude of lifetime net costs. For example, transit buses adopted in 2022 face a lifetime
net cost of over $156,000 as seen in Figure ES-3, which is greater than an amount that could be recovered without impacting
non-participating customers. This is also driven by the financing structures that may be required to support low-income
adoption of appliances or vehicles with high upfront costs; even if customers can achieve lifetime net savings, further
reductions to upfront costs may be needed to increase accessibility of electrified devices to some customer types.
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conversion to all-electric systems for current oil customers is slightly costlier today given
the incremental up-front system cost, but societal benefits are achievable and ratepayer
benefits could support all-electric heat pump incentives. For electric resistance homes,
adoption of current performance all-electric heat pumps is cost effective today and
generates significant societal benefits through avoided electric supply and emissions.
Although not directly evaluated in this study, new construction is expected to have better
economics than retrofits and should be prioritized in programs and policy.

e High performance heat pumps: While the highest performing (“best-in-class”) heat
pumps are more costly to customers and therefore provide somewhat lower societal
benefits even with technology cost declines, the benefits associated with avoiding
electrification peak impacts are expected to grow as electrification is pursued at scale. In
other words, while the costs of meeting incremental loads with new capacity may be
reasonable on the margin, meeting this new peak growth over time and in aggregate may
require more expensive capacity (e.g., hydrogen-ready combustion turbines, significant
penetrations of grid-scale batteries) and distribution system upgrades (e.g., transformer
replacements, line reconductoring, voltage upgrades, etc.). Thus, increasingly
incentivizing these systems is likely to be valuable (particularly for electric resistance
customers where fuel back-up is not an option).

e Water heating: Like space heating, converting customers to heat pump water heaters
generates significant societal benefits, including reductions in emissions and lowering
total energy bills; however, for electric resistance customer conversions, which do not
result in lower electric rates for non-participants, public funds should be used to pay for
rebates for electric heat pump water heaters.

Recommendation 3. Support development of infrastructure “backbone” for electric vehicle charging to
improve geographic coverage and fill gaps where third parties may have less incentive to invest.

-+ Create infrastructure backbone: A robust electric vehicle charging network will be required to
address range anxiety and support adoption of electric vehicles. Electric utilities like Nova Scotia
Power have broad experience developing electricity infrastructure projects and have an ability
to fund investments with revenues earned through rates when benefits are clear, and to work
with partners, such as third-party charging providers, to facilitate investments in charging
solutions. In addition, given it manages the distribution network, the utility can ensure that
chargers are built in a way that leverages the existing distribution network at least cost and in a
manner that maximizes customer benefits. E3 recommends that Nova Scotia Power focus its
efforts on building a backbone of public chargers and a broader network of make-ready charging
infrastructure to support third-party chargers in meeting customer locations and driver needs.

e Invest in make-ready investments in high-traffic locations: E3 encourages Nova Scotia
Power and its’ partner E1 to invest in make-ready charging infrastructure, including
infrastructure to support Level 2 chargers at public locations, multi-unit dwellings, and
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workplaces, and in high-traffic spots where distribution network capacity is readily
available. Similar make-ready infrastructure programs have been implemented by
utilities across North America and have played a key role in building out charger
networks.? These make-readies can enable third party chargers, leveraging their private
investment in the province, and help steer charging providers toward locations that are
the less constrained and thus lower cost interconnection points.

e Invest in full charging infrastructure to fill charging gaps: Beyond supporting third-party
charging providers and building owners in make-ready investments, Nova Scotia Power
should invest in full charging infrastructure, including both EVSEs and make-ready
infrastructure, in locations where charging gaps are likely to exist due to lower third party
incentives for investment. ' For example, private providers are likely to have less
compelling business cases to build chargers in areas with lower average household
incomes, disadvantaged communities, and rural communities, where concentrations of
EVs are currently low. Private providers also have lower incentives to serve multi-unit
dwellings, where access and utilization are lower than other public charging locations but
where charging access is critical for facilitating EV adoption. Utilities across North America
have also begun filling in charger gaps through investments in full charging infrastructure.
By filling these gaps with a mix of DCFC and Level 2 chargers, Nova Scotia Power can help
enable widespread and equitable adoption of EVs.

Recommendation 4. Support cost-effective grid modernization and panel upgrades, as well as all-
electric ready new construction, to ensure the utility doesn’t become a bottleneck to electrification.

-+ Grid modernization and panel upgrade investments are necessary to enable electrification but
can increase near-term rate pressure and so should be carefully evaluated.” All new
construction should be built to accommodate future electrification. This “electric-ready”
construction has electrical panels and services sized to accommodate electric appliances and
vehicles. Electric-ready construction can be mandated by government through energy and
building codes. Building new construction to be electric-ready can avoid the expensive costs of
retrofitting infrastructure. In existing buildings, where retrofits are needed, upgrades are likely
to increase rate pressure. Electrical upgrades can require utility permits and approval, which has
been slow and created bottlenecks in other jurisdictions. Nova Scotia Power can help avoid
these bottlenecks by streamlining the process for evaluating upgrades and issuing permits.
Given its role as the electrical inspection authority within its service territory, the utility can also

15 Examples include Eversource and National Grid, which have implemented make-ready programs to support public, multi-unit
dwelling, and workplace charging. Hawaiian Electric Co. (HECO) has also implemented make-ready charging infrastructure
programs. Southern California Edison (SCE) and San Diego Gas & Electric (SDG&E) have both implemented make-ready
charging infrastructure programs for medium- and heavy-duty vehicles.

16 Utilities in North America that have implemented full charging infrastructure have included costs in their rate base. Examples
include San Diego Gas & Electric’s rate base cost recovery of 3,500 L2 chargers in its Power Your Drive program and Southern
California Edison’s rate base cost recovery of chargers at 1,500 sites as part of its Charge Ready program to help jumpstart EV
adoption in their service territories.

17 To ensure equitable access to electrified technologies, one strategy may be to prioritize undersized panels and panels for
low-income and/or disadvantaged communities.
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help facilitate appropriate procedures up front and prioritize timely inspections to ensure this
doesn’t slow down electrification. E3 also recommends that the utility identify ways to more
efficiently and cost-effectively support distribution system and service upgrades. For example,
Nova Scotia Power may develop plans for coordinating investments in higher amperage service
conductors by having a program in place to proactively schedule and complete the associated
upgrades in a coordinated fashion that can both minimize certain costs that can be shared (e.g.,
road closures) and accelerate the overall pace at which upgrades can be completed.

Long-Term Strategy and Planning

Recommendation 5. Fully incorporate electrification strategy findings, including peak impacts and
mitigation strategies, into utility planning models.

+ Model impacts on resource needs and costs: Reliably serving electrification loads will be a
defining challenge for Nova Scotia Power in coming decades. While many programs and initiatives
described above could help to mitigate this impact (e.g., smart charging, dual-fuel heat pumps),
Nova Scotia Power should continue to model the impacts of electrification on the generation
portfolio through its IRP Evergreening process and beyond, enabling the utility to proactively plan
a mix of generation and demand-side resources to meet the system’s capacity needs at least cost
and while maintaining emissions constraints. An ongoing emphasis in Nova Scotia Power’s
planning should be evaluation of the potential electricity cost savings associated with peak
mitigation strategies.

-+ Model impacts of electrification on reliability: High levels of electrification will change the
timing and shape of Nova Scotia Power’s peak loads and may increase load’s weather sensitivity.
This in turn may affect the ability of variable and energy limited resources to provide capacity
and could potentially increase the required planning reserve margin. At the same time, flexible
electric vehicle loads may provide reliability benefits, and Nova Scotia Power should consider
modeling the reliability benefits managed load can provide relative to unmanaged loads. We
recommend Nova Scotia Power evaluate the potential for different DER programs to provide
effective capacity contributions through robust reliability modeling (e.g., using a loss-of-load
model); this modeling could also inform a comparison of the ability of different DER programs to
provide cost-effective alternatives to supply side investments (e.g., batteries).

-+ Evaluate the impacts of electrification on equity and affordability. Electricity system planners
are increasingly playing a role in assessing the potential impacts of electrification and other
decarbonization investments on energy affordability. Metrics to assess affordability include
monthly or annual energy bills, energy costs that incorporate both bills and upfront costs, and
energy bills as a fraction of household income. While electric rates are a useful gauge for how
the costs of electricity for customers change over time, applying electric rates to customer loads
is needed to determine the actual impacts of electrification on customers’ total energy bills and
costs. Understanding the affordability implications of electrification can help inform provincial
planning and determine where additional provincial support will be needed. Affordability also
extends beyond electricity; affordability metrics should consider the offsetting reductions in
natural gas, fuel oil, gasoline and diesel expenditures as building and transportation end uses
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are converted to electricity, as well as the up-front cost premiums associated with electrified
equipment and appliances.

Recommendation 6. Advance public-facing distribution planning process to support electrification.

-+ Proactive distribution system planning: Utility planners need to manage an increasingly
complex distribution system proactively and effectively. Pre-planning is needed to identify areas
where significant load growth is expected and the upgrades that might be needed if various
scenarios play out with electrification, and to coordinate with those investments. E3
recommends that Nova Scotia Power proactively identify needed transmission and distribution
facilities to ensure that customers do not experience delays in upgrading to electrified
equipment. At a high level, this involves building out spatially explicit load forecasts under key
electrification planning scenarios, and typically using commercially available tools to allocate
expected load growth at the substation level. The next steps often involve evaluating the ability
to shift load away from overloaded areas and adding capacity in the most constrained areas of
the distribution system. Ideally, more detailed modeling of customer equipment that can shift
load, providing benefits to the grid through load management, is pursued as another step in
distribution planning, as this can potentially reduce the size of needed transmission and
distribution investments. A formal distribution system planning process that includes such non-
wires alternatives will also enable stakeholder engagement and public participation to help
identify the most pressing issues to customers and identify areas that are in need of utility
investment in order to ensure a reliable, resilient grid and help the province meet long-term
goals.

Partnerships & Customer Engagement

Recommendation 7. Electrification at scale requires concerted effort and coordination across diverse
organizations and interests with complementary expertise. Nova Scotia Power should continue to
proactively build partnerships with these other key stakeholders.

+ Key partnerships are likely to include the following:

e Efficiency One: Support E1 in accelerating building shell and other efficiency measures to
reduce customer bills when switching to electrified space and water heating. Coordinate
and support E1 in promoting heat pump adoption among current electric resistance
customers, consistent with utility remit under the Public Utilities Act. Bill 228 expands
“electricity efficiency and conservation” activities to include “strategic electrification of
energy end uses currently powered by fossil fuels in a manner that reduces overall
greenhouse gas emissions and electricity costs.” ¥ As the utility, Nova Scotia Power
should work with E1 on prioritizing electrification programs and initiatives.

18 Bill 228, which received Royal Assent on November 9, 2022, adds “strategic electrification of energy end uses currently
powered by fossil fuels in a manner that reduces overall greenhouse gas emissions and electricity costs” to the mandate of
Nova Scotia’s electricity efficiency and conservation franchise holder.
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e Government: Nova Scotia Power should engage in ongoing collaboration helping
encourage 1) electric-ready building codes and other building policies that encourage
beneficial electrification; 2) enable the deployment of charging stations; 3) identifying
underserved communities and investments needed to ensure equitable access to
electrified mobility and heating.

e Third Party EVSE Providers: Work to collaborate on improving the process of
interconnection and developing additional public and workplace charging infrastructure.
The utility role may complement third-party charging companies by filling in ‘gaps’ in
coverage in underserved areas.

e Equipment Manufacturers: Collaborate on education, outreach, and innovation.

e Transit/Bus Owners and Operators: Work to develop electrification pilots and support
education on model types, capabilities, and limitations.

e Consumer Advocates: Collaborate to understand broad impacts on underserved
communities. Pursue outreach and potential programs to help overcome first-cost
hurdles.

e Supporting customer education and training: Despite growing awareness of
transportation electrification options, many consumers as well as building and vehicle
fleet managers and operators have insufficient information in considering electrification
options. Customer engagement is needed to identify where and when on the grid loads
will materialize.

e Supporting technical contractor training: Lack of knowledge of the benefits and
capabilities of heat pumps by contractors may drive up contractor mark-up. Training
contractors and developing public lists of contractors with expertise in heat pump
retrofits can help make customer adoption easier and cheaper.

Recommendation 8. Support an equitable transition through programs directly aimed at lower income
or disadvantaged communities.

+

Identify underserved communities and prioritize investments to ensure equitable access:
Without intentional program design, electrification at scale is expected to pose challenges that
disproportionately impact lower-income and disadvantaged communities. For example, these
customers may be less able to self-fund capital investments required for building electrification,
and on the transportation side, they may live in communities with less access to charging
infrastructure. It will be critical for Nova Scotia Power and E1 to work with provincial and local
governments to identify underserved communities and investments needed to ensure equitable
access to electrified mobility and heat. For example, these could include lower income
households or areas, communities with disproportionate health or pollution burdens, or rural
areas with less infrastructure. In addition to including equity-related analysis in utility planning
(e.g., by estimating energy burden as noted above), the utility should pursue specific initiatives
to address equity-related challenges. One approach best-in-class utilities are taking is to set
specific targets for electric vehicle charging infrastructure in disadvantaged community or multi-
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family housing units. For example, a specific challenge in Nova Scotia relates to communities
currently served by radial transmission lines. These communities have lower reliability and less
ability to integrate new large electric loads without major upgrade costs. For widespread
electrification, these customers will require upgraded supply. Thus, the costs of supporting
investments in these communities — relative to the potential achievable electrification net
benefits — should be a priority to evaluate, and investments in these areas could be considered
on the basis of promoting equitable access to electrification benefits in the province.
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1.

1.1

Introduction

Motivation

Economy-wide decarbonization modeling in Nova Scotia and in jurisdictions across North America
demonstrates that electrification of transportation and most buildings is a “safe bet” strategy for
achieving Net Zero. Electrification is generally lower cost than other decarbonization strategies and the
technologies for electrification of transportation and buildings are commercially available today. In
conjunction with power sector decarbonization and energy efficiency, electrification is critical to achieving
the province’s decarbonization goals.

This study provides Nova Scotia Power, policymakers, and stakeholders insight into the economics of
electrification today, the system-level load impacts, and recommendations for the utility to support
electrification to reduce emissions and costs for Nova Scotians.

1.2 Objectives

The objective of this report is to answer the following questions to inform Nova Scotia Power, provincial
policymakers, and other stakeholders on the development of electrification programs that help the
province meet its decarbonization goals and provide benefits to the province. These questions include:

+ Jurisdictional Scan: What role is electrification playing in helping jurisdictions across North
America make progress toward Net Zero targets?

+ Economics: What are the benefits and costs of adopting key electrified technologies — electric
vehicles and heat pumps -- from the perspective of adopters, ratepayers, and the province?

+ Utility Planning & Program Design Recommendations: What are the aggregate impacts of
electrification on Nova Scotia’s electric sector sales and peak demands over time, and how
should the utility proactively plan for these? What approaches can Nova Scotia Power and E1
pursue to facilitate beneficial electrification?

The above questions evaluate marginal near-term electrification initiatives. To assess electrification at
scale, E3 developed a set of electrified load shapes under scenarios that reflect different customer
technology choices, their performance characteristics and utility load management strategies.

1.3 Report Contents

The study is organized as follows:

+ Section 2 of this report provides an overview of electrification initiatives across North America.

+ Section 3 assesses the impacts of electrification on Nova Scotia Power’s system if electrification
occurs at the pace required to meet the midcentury decarbonization goals.

+ Section 4 assesses the benefits and costs of electrification for the utility and the province.

+ Section 5 concludes and provides recommendations for the role of the utility.
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2. Context: Net Zero and the Role of Electrification

2.1 Net Zero and the Role of Electrification

In its Special Report on the impacts of potential global warming, the Intergovernmental Panel on Climate
Change (IPCC) reports that GHG emissions must be reduced to Net Zero globally by 2050 to avoid global
warming greater than 1.5 degrees Celsius.™ Consistent with the IPCC findings, Nova Scotia has set an
economy-wide Net Zero target by 2050, consistent with Canadian federal policy and a growing number of
U.S. states (see Figure 2-1).

Figure 2-1. Net Zero targets and example electrification goals in North America

Net Zero jurisdictions across North America are

implementing aggressive electrification targets &
planning for dramatic increases in load — modeling
in the U.S. suggests 50-90% from today, with
estimates at least equally high in Canada

To achieve Net Zero, Canada and

certain U.S. states (NY, CA, MA,

HI) have 100% ZEV sales targets

by 2035, and several others have

ambitious ZEV targets (e.g., CT,
ME, MD, NJ, OR, RI, VT)

Nearby, Maine is targeting 500k heat

pumps by 2030 and New York aims

{ for carbon neutral building stock by

2050 - impacts planners say could
up to double load by 2050

CA recently implemented
“electric-ready” building
requirement by 2023 for single
family residential; Cities leading
with all-electric requirements
and/or gas bans (e.g., Denver,
Seattle, Berkeley)

‘s ‘\ - Jurisdictions with decarbonization target of

at least 75%, roughly aligned with Net Zero

Transportation and buildings are major emissions sources across North America; in Nova Scotia, they
represent about 44% of all emissions.?° To decarbonize these sectors, existing modeling in Nova Scotia
and across North America identifies high levels of electrification as part of a feasible, cost-effective

19 |PCC Special Report: https://www.ipcc.ch/site/assets/uploads/sites/2/2019/05/SR15_SPM_version_report_LR.pdf

20 Canada Energy Regulator, Provincial and Territorial Energy Profiles — Nova Scotia, https://www.cer-rec.gc.ca/en/data-
analysis/energy-markets/provincial-territorial-energy-profiles/provincial-territorial-energy-profiles-nova-
scotia.html#:~:text=GHG%20Emissions,-
Nova%20Scotia%27s%20GHG&text=Nova%20Scotia%20emissions%20per%20capita,14%25%20(Figure%206).
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strategy to reduce emissions.?! These studies also demonstrate that electrification must be pursued in
parallel with energy efficiency and conservation, as well as aggressive power sector GHG reductions. In
addition to reducing fossil fuel reliance and emissions in transportation and buildings, many electrification
studies demonstrate opportunities for significant customer and ratepayer benefits.

To support economy-wide decarbonization, policymakers in many Net Zero jurisdictions are setting
electrification targets and pursuing policies to accelerate sector transformation. The following sections
provide a high-level overview and examples of recent policy, costs, and emerging utility actions to support
electrification??. The last section discusses the implications for Nova Scotia Power.

2.2 Transportation Electrification

2.2.1 Recent Policies

Transportation policies to align with Net Zero targets are emerging across North America. To date, at
least 13 states—California, Colorado, Connecticut, Maine, Maryland, Massachusetts, New Jersey, New
York, Oregon, Pennsylvania, Rhode Island, Vermont, and Washington—plus the District of Columbia, have
adopted California’s low-emission vehicle (LEV) and zero-emission vehicle (ZEV) standards requiring
manufacturers to sell a certain number of ZEVs per year. Other states like Minnesota, New Mexico,
Nevada, and Virginia have plans to adopt California’s standards in the next several years as well.?3
California’s ZEV standards are the most ambitious in the U.S. — an executive order from 2020 requires
100% zero-emission passenger vehicle sales by 2035, and recent regulatory proposals may require 35%
passenger ZEV sales in 2026, increasing to 68% in 2030 and reaching 100% by 2035%*. This target (100%
electric light-duty cars and passenger truck sales by 2035) is also now mandated in all of Canada?®®, and is
a goal in New York and Massachusetts.

For medium- and heavy-duty (MD/HD) vehicles, the most aggressive policies require 100% zero-emission
vehicles in select fleets such as transit fleets or school buses by 2030 or 2035. Canada has set a target of
35% of MD/HD vehicle sales being ZEVs by 2030, with targeted vehicle types achieving 100% of sales by
2040. Several jurisdictions, including 14 U.S. states, have set 100% zero emission MD/HD sales targets in
2050. The most aggressive policy to date is a California target for all MD/HD vehicles on the road to be

21 For example, see NSPI Pathways (link above); or

Dion, J., A. Kanduth, J. Moorhouse, and D. Beugin. 2021. Canada’s Net Zero Future: Finding our way in the global transition.

Canadian Institute for Climate Choices., Canadas-Net-Zero-Future FINAL-2.pdf (climatechoices.ca).

22 This discussion is a high-level overview and not meant to be exhaustive, given the breadth of emerging activities occurring in
this space.

23 California Air Resources Board. “States that have Adopted California’s Vehicle Standards under Section 177 of the Federal
Clean Air Act.” https://ww?2.arb.ca.gov/sites/default/files/2022-05/%C2%A7177 states 05132022 NADA sales r2 ac.pdf.

24 California Air Resources Board. Public Hearing to Consider the Proposed Advanced Clean Cars Il Regulations. Staff Report:
Initial Statement of Reasons. ACC Il ISOR (ca.gov)

25 Government of Canada, News Release, “Building a Green Economy: Government of Canada to Require 100% of Car and
Passenger Truck Sales to be Zero-Emission by 2035 in Canada”. https://www.canada.ca/en/transport-
canada/news/2021/06/building-a-green-economy-government-of-canada-to-require-100-of-car-and-passenger-truck-sales-
be-zero-emission-by-2035-in-canada.html.
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zero emissions by 2045.26 More stringent policy, however, has been widely acknowledged as necessary to
achieve GHG goals.

2.2.2 Costs

The economics for EVs are improving quickly and some models of EVs are expected to reach cost parity
with ICE vehicles by the late 2020s. The average light-duty EV, in considering an average of vehicle ranges,
is forecasted to reach cost parity by the mid-2030s. Upfront vehicle costs for a light-duty BEV compared
to an ICE vehicle are shown in below.

Figure 2-2. Upfront vehicle cost and total cost of ownership forecasts of battery electric
vehicle compared to internal combustion vehicle
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2.2.3  Example Utility Actions

Most utilities within Net Zero jurisdictions are proactively planning for transportation electrification. The
utilities with the most advanced planning for transportation electrification have aligned strategic goals

26 California Executive Order N-79-20: https://www.gov.ca.gov/wp-content/uploads/2020/09/9.23.20-EO-N-79-20-Climate.pdf
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and targets with transportation policies and have instituted V1G or managed charging pilot programs.
Most utilities within Net Zero jurisdictions are initiating policies and programs to support transportation
electrification; recent examples of utilities with robust plans include BC Hydro?’, Hydro-Québec?, Seattle
City Light?®, Hawaii Electric Co.%°, and Southern California Edison3.

Jurisdictions increasingly also offer transportation electrification rate designs. The jurisdictions with EV
rates have tended to be the areas with the highest levels of EV adoption. There is a mixture between EV
rates that apply to an entire house versus those that apply only to the charging load that is on a separate
meter. Rates proposed and adopted thus far have been primarily time-of-use (TOU) rates, designed to
capture general variations in the utility’s cost of service over time. While an advancement from flat rates,
TOU rates do not capture real-time variation in electricity supply costs. Options for dynamic EV rates
include a rate that follows the car with clear managed charging incentives, credits for not charging on-
peak, demand charge mitigation, and multi-part rates with a dynamic real-time energy charge.

Managed charging has been recognized as critically important to minimizing peak impacts of EV charging
and concentrating charging, when possible, in lower-cost hours. Managed charging, also called “V1G” and
“smart charging”, refers to charging that may shift load to different hours within the same charging
session. If unmanaged, charging would begin as soon as the driver plugs in their vehicle, often aligned
with an evening system peak load in Nova Scotia. Managed charging uses signals such as rates to optimize
for a charging outcome such as minimizing charging costs to assess times in which the vehicle is parked
will be best to charge. Managed charging can be “passive” (e.g. responding to a TOU rate) or “active” (e.g.
providing a verified response to a dispatch signal). TOU rates can enable a basic form of managed charging
in which drivers shift charging to off-peak periods when possible. Utilities can enable more effective
managed charging by offering more dynamic rates that better capture hourly variations in electricity
prices. Charge management requires and leverages advanced metering infrastructure (AMI).

EVs can also participate in V2G charging; in addition to charging from the grid, vehicles can then sell energy
stored in their battery back to the grid. With V2G charging, EVs can act as a battery and provide services
to the grid while still satisfying charging requirements. To incentive effective V2G charging, utilities must
offer export rates that compensate customers for the value of electricity supplied back to the grid. Utility
development of rates for vehicle exports are nascent. Some jurisdictions have export compensation rates
used for other demand-side technologies that could be applied to vehicles, such as New York’s Value of
Distributed Energy Resources (VDER) tariff.3? More broadly, utilities must also ensure that there is a
market mechanism in place to enable V2G participation. In the U.S., FERC Order 2222 requires

27 BC Hydro’s Electrification Plan: https://www.bchydro.com/content/dam/BCHydro/customer-
portal/documents/corporate/electrification/Electrification-Plan.pdf.

28 Hydro-Québec Strategic Plan 2022-2026: https://www.hydroguebec.com/about/strategic-plan.html.

29 Seattle City Light Transportation Electrification Strategic Investment Plan:
https://www.seattle.gov/documents/Departments/OSE/ClimateDocs/TE/SCL-Transportation-Electrification-Strategic-
Investment-Plan-2021-2024-w-attachments. pdf.

30 Hawaii Electric Co. Electrification of Transportation Strategic Roadmap: https://www.ethree.com/wp-
content/uploads/2018/04/201803 EOT roadmap.pdf.

31 Southern California Edison Company’s Charge Ready Pilot Quarterly Report: https://www.sce.com/sites/default/files/custom-
files/2021%20Q1%20Report%20.pdf.

32 New York State Energy Research and Development Authority (NYSERDA). The Value Stack: https://www.nyserda.ny.gov/All-
Programs/ny-sun/contractors/value-of-distributed-energy-resources.
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independent system operators (ISOs) or regional transmission organizations (RTOs) to design market
models that enable DER participation, including V2G. However, in FERC jurisdictions not covered by an
ISO or RTO, it is up to the utility to ensure that market models are in place that enable V2G.

Direct control programs have also begun to emerge from preliminary pilots to larger programs. V2G
programs have been mostly implemented as pilot programs, such as the PG&E and General Motors V2G
pilot®3, JUMPSmartMaui®*, and SDG&E’s V2G pilot school bus program?®. In both V1G and V2G programs,
cost-benefit analysis has been used to support regulatory approval of programs, with a large focus on
ratepayer impacts and ensuring that non-adopting ratepayers are not harmed by program adoption. Cost-
benefit analysis of proposed programs has also been used to determine prioritization.

Utilities have cited uncertainty regarding EV availability and customer enrollment as barriers to managed
charging programs. EV programs to date have been siloed from other distributed resources and loads, but
some utilities are expanding time-varying EV rates and managed load programs beyond EVs to be
technology agnostic. Demonstration of cost-effectiveness, including in avoiding cost-shifting to ratepayers
who do not electrify, has played an important role in utilities receiving regulatory approval for pilots and
full-scale programs that support electrification.

Utilities to date have played an important role in the support, facilitation and, in some cases, the
installation and ownership, of EV chargers. Utility charging infrastructure ownership models have varied;
some jurisdictions have received regulatory approval for full ownership of chargers while others have only
gained regulatory approval for the ownership up to the “make-ready” component of chargers. Figure 2-3
depicts the various utility ownership models for charging infrastructure. (e.g., HECO partnerships with
Nissan and BMW increased EV sales substantially in its service territory)3®.

33 Pacific Gas & Electric News Release. “PG&E and General Motors Collaborate on Pilot to Reimagine Use of Electric Vehicles as
Backup Power Sources for Customers.” https://www.pge.com/en US/about-pge/media-newsroom/news-
details.page?pagelD=c77a4e23-f8fc-4774-9786-0dba87a203db&ts=1646754047003.

34 “The New Smart Grid in Hawaii: JUMPSmartMaui Project.” https://social-innovation.hitachi/en-us/case _studies/the-new-
smart-grid-in-hawaii-jumpsmartmaui-project/.

35 San Diego Gas & Electric News Release. “Vehicle-to-Grid Pilot: Leveraging Big Batteries on Electric School Buses to Support
the Grid.” https://www.sdgenews.com/article/vehicle-grid-pilot-leveraging-big-batteries-electric-school-buses-support-grid.

36 HECO Transportation Roadmap. https://www.ethree.com/wp-content/uploads/2018/04/201803_EOT_roadmap.pdf
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Figure 2-3. Potential utility ownership models for EV charging infrastructure3’
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Partnerships have proven to be useful in accelerating electrification. For example, several utilities have
built partnerships with vehicle manufacturers and third-party charging companies to accelerate EV sales
and charger installations.

2.2.4  State of the Market and Challenges

The state of the market for EVs has changed drastically over the past several years. CALSTART and the
California Air Resources Board (CARB) publish an annual update on the technology and market readiness
of EVs. In the latest update, released in October 2022, electric LDVs were classified as in the “early market”
technology level, indicating full commercialization and widespread availability. Electric MDVs and HDVs
vary in technology level depending on the specific vehicle type. The latest update identified some MD/HD
vehicle types, such as long-haul trucks, drayage trucks, shuttle and school buses, and refuse vehicles, as
being in or near the early market technology level. Other MD/HD vehicle types, such as transit buses,
cargo vans, and medium-duty trucks, range from early demonstration to early market entry technology
levels. 38

EVs have represented a growing portion of the global vehicle fleet. Globally, there are nearly 20 million
electric LDVs on the road, which represent about 1.5% of the global vehicle fleet. EV sales are steadily
increasing and reached 9% of all LDV sales in 2022.%° China and Europe have been leaders in EV adoption

37 Image was adapted based on an Edison Electric Institute (EEI) graphic.

38 CALSTART and California Air Resources Board, “Methods for Assessing Technology and Market Readiness for Clean
Commercial Transportation”: https://calstart.org/wp-
content/uploads/2022/10/assessing_technology_and_market_readiness_october_2022.pdf

39 Bloomberg New Energy Finance. “Electric Vehicle Outlook 2022 Executive Summary.” https://about.bnef.com/electric-
vehicle-outlook/
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to date and combined represent approximately 80% of the global EV stock. In Canada, in 2021, there were
nearly 250,000 light-duty EVs registered, with about 61% being BEVs and 39% being PHEVSs. In Nova Scotia,
there were approximately 1,200 light-duty EVs registered in 2021, with a lower portion (51%) being BEVs
relative to Canada as a whole. There were only several electric MDVs or HDVs registered in Canada and
none registered in Nova Scotia in 2021.4°

All this said, while the market for EVs is growing quickly, there are still challenges that the province will
need to continue to evaluate and alleviate to achieve the high levels of EVs required for net-zero. In
addition to the up-front cost barrier noted above, other challenges include customer awareness and
education about EV performance, as concerns related to range anxiety and battery reliability in cold
weather have been mitigated in many of the latest models. In addition, as global demand for electric
vehicles accelerates, supply has struggled to keep up with demand, with wait times on the order of several
months.*! These wait times are only partially attributable to demand, as the industry has also suffered
from pandemic and demand-related shortages of key inputs (e.g., lithium*?, computer chips*). It’s
expected that over the coming years, as manufacturing capacity grows, the availability of electric vehicles
will increase to meet demand. Finally, as noted above, insufficient charging infrastructure remains a
challenge, despite the over 150 public charging stations across Nova Scotia as of this report.

2.3 Building Electrification

2.3.1 Recent Policies

The most aggressive policies to support building electrification currently under discussion are for all-
electric new construction mandates. California, New York, and Massachusetts have discussed adoption of
an all-electric new construction mandates, but no mandates have been adopted to date.** California has
implemented an “electric-ready” building requirement by 2023 for single-family residential new
construction.*® At the city-level, several cities have adopted all-electric requirements for new construction
and/or bans on new gas connections, including Denver, Seattle, and Berkeley.***” Adoption of these types

40 Statistics Canada, “Vehicle registrations, by type of vehicle and fuel type”:
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=2310030801&pickMembers%5B0%5D=1.4&cubeTimeFrame.startYe
ar=2020&cubeTimeFrame.endYear=2021&referencePeriods=20200101%2C20210101

41 https://www.am-online.com/news/market-insight/2022/10/25/lead-time-for-ev-orders-is-getting-longer-data-shows

42 https://www.mckinsey.com/industries/metals-and-mining/our-insights/lithium-mining-how-new-production-technologies-
could-fuel-the-global-ev-revolution

43 https://www.businessinsider.com/why-is-there-chip-shortage-car-companies-electronics-supply-chain-2021-2

44 Tom DiChristopher. 2022. “To drive building electrification, Massachusetts proposed energy code changes.” SP Global.
https://www.spglobal.com/marketintelligence/en/news-insights/latest-news-headlines/to-drive-building-electrification-
massachusetts-proposes-energy-code-changes-68854724

45 California Energy Commissions. 2022 Building Energy Efficiency Standards Summary.
https://www.energy.ca.gov/sites/default/files/2021-08/CEC 2022 EnergyCodeUpdateSummary ADA.pdf

46 Tom DiChristopher. 2022. “Gas Ban Monitor: Denver tackles retrofits; Pacific Northwest movement grows” SP Global.
https://www.spglobal.com/marketintelligence/en/news-insights/blog/research-brokers-accelerate-their-coverage-of-
electric-vehicles

47 City of Berkeley Municipal Code. Chapter 12.80 Prohibition of Natural Gas Infrastructure in New Buildings.
https://berkeley.municipal.codes/BMC/12.80
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of mandates as well as other aggressive measures, such as stretch/reach building codes and ways to
overcome existing barriers to building electrification, such as cost and workforce development, are widely
believed to be necessary to reach GHG targets.

2.3.2 Costs

The upfront cost of installing a ducted heat pump is higher than fossil fuel heating systems in most
jurisdictions, but the incremental cost can vary significantly based on heat pump type and market maturity
in the region. Figure 2-4 shows the upfront costs of heat pumps for a single-family home compared to the
cost of a fuel oil boiler in Nova Scotia. In many jurisdictions, all-electric new construction is cheaper than
building new mixed-fuel, but in retrofit applications, the incremental cost of heat pumps is often greater
than like-for-like replacement of existing heating equipment. In cold climates, heat pumps have a
significant upfront cost hurdle relative to oil systems but may pay back over time under certain
circumstances, such as if coupled with efficiency, favorable rate designs, or incentives. The economics of
heat pumps are also more favorable when customers are replacing an existing air conditioning unit or
installing air conditioning in conjunction with heating system upgrades. Partial electrification of space
heating through hybrid dual-fuel systems can have a lower total cost of ownership compared to an
incumbent heating system in retrofit applications particularly in the commercial sector.

Figure 2-4. Incremental upfront cost of a ducted 2-2.5 ton ccASHP adopted in a single family
home retrofit showing projected range in costs based on technology learning curves*®
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Notes: The current performance heat pump has a coefficient of performance of 2.7 at -8°C and the best-in-class heat
pump has a COP of 3.3 at -8°C.

48 Current heat pump costs in Nova Scotia were developed based on NS Power’s experience. Equipment cost decline
trajectories were developed based on data from the National Renewable Energy Laboratory’s Electrification Futures Study:
End-Use Electric Technology Cost and Performance Projections through 2050.
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Despite the high incremental upfront costs of heat pumps, electrification at scale is typically cheaper than
the widespread use of decarbonized gas. The supply of renewable natural gas (RNG) is limited such that
more expensive, and yet to be fully commercialized fuels such as green hydrogen and synthetic natural
gas would be required to meet decarbonization goals. Given that Nova Scotia’s natural gas distribution
network serves only a small share of buildings, decarbonization through RNG is unlikely to be a viable
pathway for the province at the scales required to achieve Net Zero.

2.3.3  Example Utility Actions

In many jurisdictions with Net Zero targets, utilities have adopted programs, incentives, and customer
education programs to support building electrification. It is increasingly common practice for utilities
and/or jurisdictions to provide heat pump rebates, for example, BC Hydro, Hydro-Quebec, National Grid,
and Xcel, often with separate rebates for space and water heating. Utilities have also adopted programs
to support all-electric new construction, retrofits of existing buildings, and purchases and usage of smart
thermostats. Utilities have also supported rebate programs for retrofits in low-income and social housing.
While many jurisdictions have used ratepayer funds to support heat pump rebates, state or province
provincial budgetsfunding, local taxes, and carbon fee programs can also support rebate funding.*® The
Sacramento Municipal Utility District is one example of a utility that has partnered with private
contractors to perform whole home performance evaluations that include recommendations for both
efficiency and electrification options. Some utilities have also tried to attract new energy-intensive
industries and companies to their service territory through favorable rates for these customers.

2.4 Role of the Utility in Electrification

Achieving widespread benefits from electrification requires a range of important short-term programs
and long-term planning activities. Utilities play a critical role in supporting adoption, enabling
interconnection, and ensuring a just and equitable transition. Looking ahead, utilities must also plan for
the contribution of electrification to system peak demand and the future grid required to serve substantial
load growth load. Key utility considerations are outlined in Figure 2-5 below. Finding of this jurisdictional
scan are incorporated into the overall recommendations presented in the executive summary.
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Figure 2-5. Key electrification considerations for Nova Scotia Power
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Note: Decarbonization Pathways assessment was developed by E3 for the utility in 2019; resource needs and
reliability, distribution system, and revenue requirements and rates impacts represent ongoing work by the utility;
affordability and equity planning may be incorporated into future work.
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3. System Load Impacts

3.1 Overview of E3’s Electrification Load Shape Modeling

This section describes E3’s modeling of the potential aggregate load impacts of building and
transportation electrification when pursued at the pace and scale required to align with existing provincial
Net Zero policy. For transportation and buildings, E3 developed multiple scenarios potentially consistent
with Net Zero, which vary in terms of increases in energy sales and peak demand. These results provide
an indication of the level and shape of electrification that could materialize as the region decarbonizes.
The modeling approach, scenarios and results are described below.

We note that these results focus on two key carbon-emitting sectors — buildings and transportation — but
exclude potential additional electrification from other sectors, including the industrial and non-road
transportation sectors.

3.2 Transportation: Load Shape Modeling

3.2.1 Overview of E3’s EV Load Shaping Tool

To calculate electricity bills and supply costs for EV charging, E3 developed a forecast of potential EV
charging loads consistent with achieving Nova Scotia’s policy goals. Charging loads depend on several
factors, including vehicle type, charging access, and the driving behavior of drivers. To model charging
behavior, E3 utilized its bottom-up model, which simulates driving and charging of thousands of
representative EV drivers. Driving behavior is captured using travel survey data and converted to 15-
minute driving patterns though a Markov-Chain Monte Carlo method. Figure 3-1 below shows an example
of LDV weekly driving patterns expressed as the probability that a driver is at a given location or is driving.

Figure 3-1. LDV weekly driving pattern from Markov-Chain simulation
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The driving population is characterized by drivers’ EV type and access to charging. For light-duty vehicles
(LDVs), the model assumed four EV types (short and long-range plug-in hybrid and short and long-rang
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battery electric vehicle) and six charging access types (a combination of access to residential, workplace,
and public charging), resulting in 24 combinations or customer types. Loads for each customer type get
weighted by the percentage of drivers forecasted to represent that customer type. The final load shape
therefore captures the potential diversity of driving behavior, EV types, and charging access across that
may be expected in Nova Scotia by drivers as electric vehicle sales targets are achieved.

Charging loads that feature drivers that plug in and begin charging immediately upon arrival at their
destination reflect an unmanaged charging scenario. In this scenario, drivers still choose the location of
their charging based on the relative electric rates at each location (for example, if a driver has the choice
given their driving patterns and charger access to choose between more expensive public charging or less
expensive residential charging, they will choose the less expensive residential charging). However, the
timing of charging at a given location does not take into consideration any time-varying prices of electricity
in the “unmanaged” charging scenario. In a “managed” charging scenario, drivers can shift the timing of
their charging at a given location to minimize costs of charging based on time-varying electric rates. A
third charge management type, charge management with Vehicle-Grid Integration (VGI), assumes drivers
shift their times of charging to minimize charging costs, but also features an aggregator’s involvement to
smooth peaks in charging that occur at transitions between peak and off-peak rate periods.>®

Figure 3-2 below provides an overview of the inputs and outputs of the EV Load Shape Tool.

50 The charging loads resulting from each charge management type are combined with electric rates and electricity supply costs
to calculate total bills and electricity supply costs for EV charging in Section 4 of this report.
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Figure 3-2. Overview of E3 EV Load Shape Tool
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Charging loads are developed separately for each vehicle class, including LDV, MDV, and HDV.

3.2.2 Key Modeling Inputs

To develop the transportation load shapes, key inputs into the E3 EV Load Shape Tool include:

+ Annual Vehicle Miles Travelled (VMT): the miles or kilometers an average LDV, transit bus, and
parcel truck per year

+ Range: the range, in kilometers, of an EV battery

+ EV efficiency: the efficiency of the conversion from kWh charged to kilometers driven by a
vehicle. EV efficiency varies by outdoor temperature.

+ Number of EV chargers: EV charger availability informs the ability for EVs to charge at each
location

+ Charger access: the portion of EV population that has access to residential and workplace
chargers (all EVs are assumed to have access to public charging)

+ Charger parameters: key charger inputs include rated charger power in kW and charger
efficiency

Additional detail on inputs used in the E3 EV Load Shape Tool are provided in Appendix Section 6.
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In managed charging scenarios, charging is shifted based on the assumed electric rates at each charging
location (residential, workplace, and public charging locations). For residential charging, 100% of drivers
charge with Nova Scotia Power’s new domestic TOU rate, shown in Figure 3-3.

Figure 3-3. Nova Scotia Power domestic TOU pilot rate
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For workplace charging, 20% of workplace charging is assumed to be free in 2030 and the remaining 80%
of workplace charging is on Nova Scotia Power’s pilot General TOU rate. For public L2 and DCFC, 100% of
drivers charge with Nova Scotia Power’s public charging rates ($1.50/hour for public L2 and $15/hour for

public DCFC). For transit busses and parcel trucks, 100% of managed charging is assumed to be on Nova
Scotia Power’s pilot General TOU rate.

3.2.3 Transportation Scenarios

E3 modeled four scenarios for EV load shapes based on the access to rates and level of EV charge
management, in order to evaluate potential impacts on load and system peak. > All scenarios assume
adoption of light duty electric vehicles in line with 100% electric vehicle sales by 2035. The adoption
forecast is reported in Figure 3-4 below.

51 Load forecasts and shapes were also developed for transit bus and parcel truck vehicles using the same tool, though these
categories comprise a smaller portion of load in Nova Scotia. Those load shapes are leveraged in the BCA in Section 4.
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Figure 3-4. Light-duty electric vehicle stock across scenarios (% of stock)
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The scenarios then layer on assumptions related to TOU responsiveness and load management. First,
scenarios vary based on how responsive drivers’ charging is to time-of-use electric rates. TOU
responsiveness indicates that charging that is shifted based on time-varying electric rates, to the extent
possible given vehicle driving patterns, to reduce charging costs (i.e., drivers charge when electric rates
are lower and avoid charging when electric rates are higher). The percentage of TOU responsiveness
indicates the percentage of Nova Scotia vehicles that have charging managed based on TOU rates.

Scenarios also vary in their assumptions related to charge management, with some scenarios assuming
the use of aggregation or vehicle-grid integration (VGI). Aggregation/VGI indicates external involvement,
such as by an aggregator or utility, to smooth charging demands. Without aggregation/VGl, a large spike
in charging occurs immediately when an off-peak TOU period begins; aggregation/VGI helps to smooth
and distribute that charging across lower TOU rates in a way that minimizes spikes in charging load.

The four scenarios modeled include:

e The Unmanaged Charging scenario provides a “high peak” counterfactual to understand what
would happen if future electric load impacts were not managed or shifted in some way.

o The Blended scenario reflects a “central” case in which 70% of customers manage their
charging using the TOU, and those with managed charging have that charge managed, or
smoothed.

e The Managed with TOU scenario is designed to maximally reduce charging during the peak TOU
hours, but does not smooth out “rebound” effects that may occur after the TOU period ends.

e The Managed with VGI Aggregation scenario demonstrates the full value that a future TOU
combined with load management through VGI aggregation could provide. In this scenario, all
customers are fully responsive to the TOU rate, and all charge is further managed, or smoothed,
using VGI.
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A summary of the scenario assumptions are shown in Figure 3-4 below.

Figure 3-5. System-level light-duty EV load shape scenarios
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Load forecasts were developed at an hourly level for a full year for each scenario identified in Section 4.
Load forecasts across the entire LDV population are averaged to give a per vehicle profile. Figure 3-6
below shows an hourly charging profile for one LDV vehicle with unmanaged charging.

Figure 3-6. Hourly LDV unmanaged charging profile (winter, one week)
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Unmanaged charging features large amounts of charging in the early evening hours, when drivers
typically arrive home from work and begin charging their EV. The Nova Scotia Power TOU rates have
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peak periods from 7-11 AM and 5-9 PM and therefore, managed charging shifts charging out of these
hours as much as possible, illustrated in the hourly profiles in Figure 3-7 below.

Figure 3-7. Hourly LDV managed charging with VGI profile (winter, one week)
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Hourly charging profiles are used as an input to the total load forecast provided in Section 3.4 and in the
cost-benefit analysis to calculate the utility bills and electricity supply costs to serve EV load.

3.3 Buildings: Load Shape Modeling

3.3.1 Overview of E3’s Building Load Shaping Tool

E3’s RESHAPE model is designed to simulate diversified system-level building electrification load shapes.
System diversity is captured in the model through a regionally specific sample of buildings representing
the housing stock and fuel mix, temporal and spatial variability in temperature, and the mix of heat pump
technologies adopted.

3.3.2 Key Assumptions

The residential building stock in Nova Scotia was characterized using data from Natural Resource Canada
(NRCAN), Nova Scotia Power, and the U.S. Energy Information Agency (EIA) Residential Energy
Consumption Survey (RECS). Data from E1 on the average heating demand per household was used to
determine the total residential service demand across the province. The share of homes using fuel ail,
natural gas, electricity (resistance and heat pumps), or wood as their primary heating fuel was determined
from Nova Scotia Power provided data. NRCAN data on provincewide space heating fuel consumption and
building stock was used to adjust the per household annual service demand of single family and
multifamily homes by fuel type to capture variation in service demand in the building stock. E3 used a
sample of homes in New England in the RECS dataset adjusted and scaled for Nova Scotia’s residential
fuel mix in the RESHAPE model to represent the provincial housing stock. The assumed annual service
demand for the 2009 weather year by fuel type is summarized in Table 3-1.
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Table 3-1. Residential building stock fuel mix

Fuel % of Households Annual Heating Demand
(kBtu/household)

Electric Resistance 20% 44,529

Natural Gas 4% 33,294

Heat Pumps 31% 44,682

Fuel Oil 33% 35,411

Other (including Wood) 12% 90,493

The commercial building stock in Nova Scotia was categorized using data from Nova Scotia Power, EIA’s
Commercial Energy Building Survey (CBECS), and Heritage Gas. Nova Scotia Power provided data on the
number of small and general commercial customers that are not all-electric and all-electric and their space
heating energy intensity (kWh/m?). Combined with floor area estimates for a typical small and
medium/large commercial customer derived from CBECS, E3 estimated the space heating demand of non-
electric and electric customers in the province. The provincewide service demand is summarized in Table
4-2 A sample of buildings from the New England region of the CBECS dataset was scaled according to the
fuel mix derived from the Nova Scotia Power and Heritage Gas data to represent the commercial heating
service demand fuel mix in the province. Commercial heating demand was allocated to counties in Nova
Scotia according to employment data from Statistics Canada.

Table 3-2. Commercial building stock fuel mix

Fuel % of Commercial Annual Heating Demand
Customers (kBtu/m?)

All- Electric 30% 126

Not All-Electric 70% 151

To capture the impact of weather on building electrification loads, E3 modeled building loads under a 1-
in-2, or median weather year, and a 1-in-10, or 90" percentile, weather year. The RESHAPE model was
run with county-level resolution to capture variation in weather across the province. The population
weighted average minimum morning (7 AM — 9 AM) and evening (12 PM — 7 PM) in each weather year
modeled is showed in Table 3-3.
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Table 3-3. Weather year assumptions

Weather Year Year Evening Morning
Temperature (°C) Temperature (°C)

1-in-2 2018 -14.5 -16.5

1-in-10 1988 -22.9 -18.6

1-in-40 1979 -21.2 -20.3

Notes: Weather data was sourced from the National Oceanic and Atmospheric
Administration’s (NOAA) National Centers for Environmental Prediction (NCEP)
North American Regional Analysis (NARR) dataset. Weather was sampled from
NARR for each county in Nova Scotia using its geographic centroid. Values shown in
this table represent the minimum temperature from the population weighted
average of the county temperature profiles

RESHAPE models various base, mid, and best-in-class performance all-electric heat pumps as well as dual-
fuel hybrid heat pumps. Heat pump performance data is sourced from manufacturer reported data
provided by the Northeast Energy Efficiency Partners (NEEP) in its Cold Climate Air Source Heat Pump
Product List and Specifications. Detailed assumptions on heat pump performance and sizing assumptions
can be found. The mix of heat pump technology is varied between scenarios modeled.

In this analysis, base and mid performance all-electric heat pumps are sized according to standard building
industry practice to have a heat pump balance point temperature—the temperature below which the
supplemental device would begin to serve heating demand—of 20°F/-7°C. Best-in-class or high
performance all-electric heat pumps were oversized such that the heat pump could serve the heating
demand at 99" percentile historical minimum temperature from 2000 to 2018, approximately 6°F /-14°C.
Dual-Fuel heat pumps were sized to have a heat pump balance point temperature of approximately 30°F/-
1°C. Heat pumps are modeled such that below the balance point temperature both the heat pump and
supplemental device both contribute to meeting the service demand.

3.3.3  Building Scenarios

In all scenarios modeled, E3 assumes that 100% of sales of heating equipment are heat pumps by 2030
resulting in nearly all residential customers and 96% of commercial customers having heat pumps by 2050.
Most scenarios assume that current electric resistance customers will adopt heat pump, but E3 modeled
a No Electric Resistance Phaseout scenario that considers the impact to Nova Scotia Power’s system when
current resistance customers do not adopt more efficient heating systems.

E3 modeled several scenarios that explore the system impacts under current trends in electrification,
improvements in heat pump technology, and the use of mini split or dual-fuel hybrid heat pumps amongst
current fuel oil, natural gas, and wood customers.

e The Current Trends scenario assumes all heat pumps adopted are all-electric ducted ASHPs with
30% of those being base performance, 40% mid performance, and 30% high performance. This
scenario reflects Nova Scotia Power’s current focus on moving electric resistance customers to
moderately high performing heat pumps and assumes fuel customers adopting heat pumps
would not retain their current heating system for backup in coldest hours. E3 also modeled two
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iterations of this scenario. In the “with DSM” iteration, current resistance buildings receive a
building shell improvement when adopting a heat pump (“with DSM”) and in the “pre-DSM”
scenario there are no shell improvements assumed; this scenario is used for Nova Scotia
Power’s system modeling when DSM programming is added later based on information from E1.

e The No Electric Resistance Phaseout scenario assumes the same mix of heat pumps are adopted
amongst current fuel oil, natural gas, and wood customers as the Current Trends scenario but
assumes that current electric resistance customers do not adopt heat pumps. This scenario
represents a future in which electrification continues but Nova Scotia Power stops its efforts to
switch resistance customers to more efficient devices.

e The Best-in-Class scenario assumes all heat pumps adopted are all-electric high performance
heat pumps that are sized larger. This scenario represents a focus on deploying the high
performing heat pumps which would require policy support and/or market transformation. E3
also modeled two iterations of this scenario. In the “with DSM” iteration, all buildings receive a
building shell improvement when adopting a heat pump (“with DSM”) and in the “pre-DSM”
scenario there are no shell improvements assumed.

e The Current Trends Hybrid scenario assumes that current resistance customers adopt 30% base,
40%, mid and 30% high performance all electric heat pumps and current fuel customers adopt
dual-fuel heat pumps. Dual-Fuel heat pumps are mid-performance and are modeled as mini-split
systems such that in the coldest hours both the heat pump and supplemental heating system
contribute to meeting the building’s heating demand.

The mix of heat pumps adopted in each scenario are shown in Figure 3-8 and Table 3-4.

Figure 3-8. Residential building stock across scenarios (% of housing stock)
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Table 3-4. Building scenario design

Today’s gas
and oil
heating
buildings

Today’s
electric
resistance
buildings

Heat pump
performance

Heat pump
sizing

Building shell
improvements
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Adopt ASHP

Retain ER heating
system

ASHPs are 30%
base; 40% mid;
30% high
performance

ASHPs sized to
serve full heating
demand in 93-
95% of hours

No shell
improvements

Adopt ASHP

Adopt ASHP

ASHPs are 30%
base; 40% mid;
30% high
performance

ASHPs sized to
serve full heating
demand in 93-
95% of hours

No shell
improvements

Adopt ASHP

Adopt ASHP

ASHPs are 100%
high performance

ASHPs sized to
serve full heating
demand in 99% of
hours

No shell
improvements

Adopt mini-split
systems and
retain fuel back-

up

Adopt ASHP

ASHPs are 30%
base; 40% mid;
30% high
performance;
Mini-split systems
are 100% mid
performance

ASHPs and mini-
splits sized to
serve full heating
demand in 93-
95% of hours

No shell
improvements





3.3.4  Results: Building Scenario Load Forecast and Shapes

While annual load growth is expected to be modest from building electrification, peak load impacts could
potentially be large. Under the Current Trends Pre-DSM scenario, buildings are expected to add 673 GWh
of load in a 1-in-2 weather year to Nova Scotia Power’s system in 2050 which is approximately 6% of
current annual load. The adoption of heat pumps amongst current electric resistance customers offsets
approximately 814 GWh of load growth from fuel switching. In the Best-in-Class Pre-DSM scenario, annual
load growth is expected to be approximately 70% lower than the Current Trends scenario due to the
uptake of high-performance heat pumps.

Figure 3-9. Incremental annual load growth from building electrification
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Note: Scenarios show are pre-DSM.

Electrification of buildings is significant peak load impacts given the declining efficiency of heat pumps in
cold temperatures and greater coincident of heating loads with NS Power’s existing system peak load.
Under the Current Trends Pre-DSM scenario, the non-coincident peak of buildings incremental building
loads is expected to reach 1160 MW in 2050 under a median or 1-in-2 weather year and 1822 MW in an
extreme 1-in-10 weather year. The use of backup fuel systems in the Current Trends Dual-Fuel scenario
could significantly reduce peak load impacts. The non-coincident peak impacts of incremental building
electrification scenario is 436 MW in a 1-in-2 weather year.
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Figure 3-10. Incremental non-coincident buildings peak demand forecast
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Figure 3-11. Contribution to incremental non-coincident peak load by sector
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Figure 3-12. Peak day load growth
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3.4 Combined Electrification Load Impacts

Considering both transportation and buildings, electrification will generate significant electric load and
peak impacts. Transportation loads are forecasted to make up a larger portion of annual load. Incremental
building loads are lower in Nova Scotia relative to expected incremental loads in other jurisdictions given
the existing portion of electric resistance customers in Nova Scotia as well as the high levels of heat pump
adoption assumed in Baseload.
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Figure 3-13. Annual loads from transportation and building electrification under the Current
Trends All-Electric buildings scenario and Blended (managed/unmanaged) transportation
scenario
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Note: Reflects Current Trends All-Electric buildings scenario and Blended transportation scenario.

Buildings, however, are expected to disproportionately contribute to peak load given the high demand
during cold winter days, when system peaks are likely to occur.

Figure 3-14. Annual peak load contribution from incremental transportation and building
electrification under the Current Trends All-Electric buildings scenario and Blended
(managed/unmanaged) transportation scenario
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Note: Reflects Current Trends All-Electric buildings scenario and Blended transportation scenario.
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4. Benefit-Cost Analysis Modeling

4.1 Overview of Benefit-Cost Analysis Modeling

E3’s Benefit-Cost Analysis (BCA) approach assesses the marginal benefits and costs of heat pump adoption
for representative heat pump technologies and building segments. The analysis presents the economics
of marginal adoption for representative heat pumps and EVs using available data and assumptions
described below. These results provide an indication of the economics for average customers within Nova
Scotia, though individual customers and building types may have different outcomes. As discussed below,
the results are sensitive to several uncertain assumptions and modeling limitations, notably capital costs,
fuel prices, and electricity supply costs. The capital cost information for electric vehicles derived from the
International Council on Clean Transportation, with E3 adjustments (see Figure 2-2 for details). The capital
cost information for heat pumps and the electricity supply costs were provided by Nova Scotia Power.
The fuel prices were benchmarked to local sources. More details on these assumptions is provided in
Appendix 7.2.

4.2 Benefit-Cost Analysis Model

E3’s Benefit-Cost Analysis (BCA) Model calculates the costs and benefits associated with transportation
and building electrification. Costs and benefits in the E3 BCA Model are organized by perspective, using
standard “cost tests” typically performed in evaluating electricity sector demand-side investments.>? The
three perspectives analyzed in this BCA are:

-+ Participant Cost Test (PCT): What are the costs and benefits to the vehicle driver, fleet owner,
or building owner — Is the total cost of EV ownership higher or lower for the driver? Is the total
cost of installing and operating a heat pump over its lifetime higher or lower for the homeowner
or business than a fossil fuel heating system?

+ Societal Cost Test (SCT) from the perspective of Nova Scotia: What are the costs and benefits
to the region or province — do EVs and heat pumps provide net benefits for the province? This
perspective includes the value of externalities, specifically carbon emissions.

+ Ratepayer Impact Measure (RIM): What are the costs and benefits to all non-participating
ratepayers — will average utility rates increase or decrease?

The BCA Model estimates the annual stream of costs and benefits associated with electrified technology
adoption. To facilitate comparison, the model makes assumptions about how to weigh impacts in the
future to today and uses those weights to estimate the net present value of each cost and benefit stream.
The PCT uses a 9% nominal discount rate, the SCT uses 3%, and the RIM uses 6%. The higher discount rate
for the participant cost test reflects the higher borrowing costs typically facing private borrowers (and

52 California Standard Practice Manual: Economic Analysis of Demand-Side Programs and Projects:
http://www.calmac.org/events/SPM 9 20 02.pdf.
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likewise, the higher return on private capital); the ratepayer impact measure relies on the utility’s discount
rate (approximately); and the societal discount rate reflect societal trade-offs between consumption
today and consumption in future periods. These discount rates are used to estimate the net present value
(NPV) results shown below.

4.2.1

Cost and Benefit Categories in Transportation BCA

The model considers significant and measurable categories of benefits and costs. A brief description of
each estimated cost/benefit component included in the transportation BCA is provided below:

+

Incremental EV cost: EVs generally have a higher upfront purchase cost than an equivalent ICE
vehicle. The incremental EV cost is the difference between the upfront cost of an EV and an
equivalent ICE vehicle in a given adoption year.

Federal and provincial EV purchase incentives: The federal EV tax credit and provincial EV
rebate are applied to LDV in applicable years.

EV operating and maintenance (O&M) savings: EVs generally have lower O&M costs than ICE
vehicles on a per mile basis. The EV O&M savings represent the difference between the lifetime
O&M costs for EVs and ICE vehicles.

Vehicle fuel savings: EVs offer savings from the avoided gas or diesel costs that would be
incurred to satisfy an average vehicle’s lifetime Vehicle Miles Travelled (VMT).

Electricity supply costs for EV charging: The marginal utility cost of supplying EV charging load
over the vehicles’ lifetime. These utility costs include the marginal energy, generation capacity,
transmission capacity, and distribution capacity costs.

Charging infrastructure costs: All costs beyond the customer meter for installing electric vehicle
supply equipment (EVSE).

Electricity bill for EV charging: The revenue collected by the utility from the sale of all energy
used for EV charging or the electricity bill paid by the EV owner for all charging over the vehicle
lifetime. This is the EV equivalent of ICE vehicle gasoline costs. The revenue collected by the
utility is not always the same as what the driver pays for charging their EV in public and
workplace locations and therefore PCT and RIM values may be different.

Avoided emissions: An estimate of the monetized benefit of emissions avoided, calculated as
the net of avoided emissions from not combusting gasoline or diesel in an ICE vehicle and the
emissions associated with the energy used for EV charging.

Table 4-1 below categorizes the key costs and benefits included in each perspective. The cost perspectives
are based on the perspectives outlined in the California Public Utility Commission (CPUC) standard
practice manuals for cost effectiveness of demand side resources.>?

53 California Standard Practice Manual: Economic Analysis of Demand-Side Programs and Projects:
http://www.calmac.org/events/SPM 9 20 02.pdf.
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Table 4-1. Cost and benefits associated with each cost test perspective for transportation

electrification

Cost/Benefit Component PCT SCT RIM
Incremental upfront EV cost Cost Cost

Federal EV purchase incentives Benefit Benefit

Provincial EV purchase incentives Benefit

EV O&M savings Benefit Benefit

Vehicle fuel savings Benefit Benefit

Electricity Bill for EV charging Cost Benefit
Electricity supply costs for EV charging Cost Cost
Charging infrastructure costs Cost Cost

Avoided emissions Benefit

4.2.2 Cost and Benefit Categories in Buildings BCA

The cost and benefit streams considered in the buildings BCA are summarized in Table 4-2 and include the
upfront incremental cost of the appliance, incremental electricity bills, avoided fuel oil or natural gas bills,

incremental electricity supply costs, avoided fuel supply costs, utility incentives, and emissions savings.

Table 4-2. Cost and benefits associated with each cost test perspective for building

electrification

Cost/Benefit Component PCT ’ SCT RIM
Incremental Electricity Bills* Cost Benefit
Incremental Appliance Cost Cost Cost

Avoided Fuel Bills Benefit

Utility Incentives Benefit Cost
Electricity Supply Costs? Cost Cost
Avoided Fuel Supply Costs Benefit

Avoided Emissions Benefit

pumps.

1. Incremental electricity bills are a cost to participants switching from fuel oil or natural
gas to heat pumps but a benefit for current electric resistance customers adopting heat

2. The adoption of heat pumps amongst current fuel customers presents electricity
supply costs from both the SCT and PCT perspectives, but the adoption of heat pumps
amongst current electric resistance customers presents a net benefit.
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A brief description of each cost/benefit component included in the building BCA is provided below:

+ Incremental appliance cost: This is the additional capital cost required to purchase a heat pump
compared to the alternative in-kind replacement of existing heating equipment in the year a
heat pump is adopted. E3 modeled heat pump adoption in retrofit applications for this report.

+ Incremental electric bills: This is the additional revenue the customer would pay and the utility
would collect from customers who adopt heat pumps over the equipment’s lifetime. For
customers who switch from electric resistance to a heat pump, this would present a bill savings
for the participant and a loss in revenue for the utility.

+ Avoided fuel bills: This is the cost the fuel oil, natural gas, and wood customers avoid paying for
heating fuel from electrifying over the lifetime of the equipment. This includes the commodity
cost and delivery cost paid by the consumer.

+ Electricity supply costs: The marginal utility cost of supplying EV charging load over the vehicles’
lifetime. These utility costs include the marginal energy, generation capacity, transmission
capacity, and distribution capacity costs.

+ Avoided fuel supply costs: The commodity cost of fuel delivered to the customer. While avoided
fuel bills consider both the commodity and delivery costs that customers pay, the avoided fuel
supply costs include only the commodity cost of the fuel. From the societal perspective, delivery
costs are an in-province transfer of funds and therefore do not present a net cost or benefit.

+ Avoided Fuel Carbon Tax: The cost of carbon fees association with the purchase of fuel oil or
natural gas for heating. Avoided fuel carbon taxes are included in the PCT as they represent a
portion or the customer’s fuel bills that are avoided adopting a heat pump, but the taxes are not
included in the SCT. The SCT takes the perspective of Nova Scotia and the taxes represent an in-
province transfer.

4+ Avoided emissions: The monetized benefit of emissions avoided, calculated as the net of
avoided emissions from not combusting fuel for heating and the emissions associated with the
electricity used by the heat pump.

The buildings BCA models the economics of heat pump adoption for both water heating space and space

heating mini-split. A current performance ducted all-electric heat pump, a best-in-class (high performance)
ducted all-electric heat pump, and a dual-fuel mini-split with fuel backup (hybrid) are modeled. The BCA

model also includes the option to analyze the shell improvement adopted alongside the best-in-class heat

pumps. The model considers retrofit applications in single-family and multi-family homes as well as small

commercial buildings that current use wood, fuel oil, natural gas, or electric resistance for space heating.

Representative heating load shapes for each segment were developed as part of the Load Shape Analysis.

Additional detail on the E3 BCA Model and inputs can be found in Appendix Section 6.

4.3 Transportation Benefit-Cost Analysis Results

4.3.1 Light-duty Vehicle BCA Results

Electric light-duty vehicles (LDVs) have greater lifetime benefits than costs from the perspectives of drivers,
utility rate payers, and the province. The net present value (NPV) of lifetime costs and benefits for an
electric LDV adopted in 2022 and with unmanaged charging is shown in Figure 4-1 below.
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Figure 4-1. NPV cost-benefit analysis for LDV adopted in 2022 with unmanaged charging
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Driver costs for electrifying an LDV include incremental upfront vehicle costs relative to a comparable ICE
vehicle, which are sizable in 2022. Driver costs also include bills for charging load and costs borne by
drivers to purchase and install residential chargers. Driver savings are made up of avoided gasoline costs>*,
a $3,000 provincial rebate, a $5,000 federal rebate, and operating and maintenance (0O&M) savings.

Utility ratepayer benefits are larger than costs, meaning that revenues collected by the utility are larger
than the electricity supply costs to serve charging load. This result indicates that average utility rates
would decrease with the additional EV charging load.

Costs and benefits from the provincial perspective include many of the same cost components as the
driver perspective but are valued at a lower discount rate than from the driver perspective®, which results
in different cost and benefit values. Another difference between the driver and provincial perspective is
the exclusion of the carbon tax in gasoline in the provincial perspective; the provincial perspective does
not include revenues collected from the carbon tax component of gasoline prices as a benefit since the
transfer of tax revenue is assumed to stay within the province. The provincial perspective also includes a
monetized value of emissions savings as a benefit which can be considered if desired. The federal rebates
are assumed to provide benefits (net inflows) into the province, while the provincial rebates are assumed
to be a transfer within the province.

Costs and benefits from each perspective for an electric LDV adopted in 2022 with managed charging with
VGl is shown in Figure 4-2. As discussed in Section 3.2, managed charging with VGI represents charging
schedules in which drivers shift their charging to lower-cost hours when possible and any spikes in

54 All LDV are modeled with base gasoline prices as detailed in Appendix 9.1.4.
55 Costs and benefits from the driver perspective are discounted at 9% while provincial costs and benefits are discounted at 3%.
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charging are smoothed by an aggregator. In this study, LDV drivers manage home charging against Nova
Scotia Power’s Domestic TOU rate and manage workplace charging against Nova Scotia Power’s General
TOU rates. Given the short time duration typically spent in public charging locations, drivers are not
typically able to manage public charging to TOU rates.

Figure 4-2. NPV cost-benefit analysis for LDV adopted in 2022 with managed charging with
vaGi
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Drivers achieve about $100 more in net savings by managing charging with VGI compared to having
unmanaged charging. Increased net savings stem from savings in charging bills; drivers are able to save
about $30 per year in bill savings (undiscounted) by shifting their charging to lower-cost hours. Saving
opportunities are lower than may be seen in other jurisdictions since the new Nova Scotia Power Domestic
and General TOU rates only offer time-varying rates in winter months. Therefore, drivers only have
opportunities to save on their bills in winter months. Net savings for drivers under managed charging are
also reduced due to an incremental ~$100 NPV charging infrastructure cost to enable managed charging.
Appendix 10 provides a breakdown of BCA results for EVs adopted in 2030.

Summary results for each cost-benefit analysis test under different charge management scenarios are
shown as cost-benefit ratios in Table 4-3 below. A ratio greater than 1 indicates that NPV benefits are
greater than costs for that perspective. A ratio less than 1 means that NPV benefits are lower than costs.

Table 4-3. Summary of cost-benefit analysis results for light-duty vehicles

Charging Scenario PCT RIM SCT PCT RIM SCT

Unmanaged 1.4 1.8 1.5 2.5 1.7 2.7
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Managed w/ TOU

1.4 1.9 1.5 2.5 1.7 2.7
and VGI

All cost tests show positive results in both 2022 and 2030 for all charge management scenarios.
Improvements in LDV driver and societal perspective results over time are primarily driven by decreases
inincremental upfront costs between 2022 and 2030; as the incremental upfront cost declines, it becomes
more economic for drivers to adopt EVs. Positive ratepayer perspective results indicate that for all years
and all charging scenarios, electricity supply costs to serve charging load are lower than the utility
revenues collected from charging load.

The emissions savings from electrification of LDVs under each charge management scenario are shown in
Table 4-4.

Table 4-4. Estimated lifetime emissions savings per electrified light-duty vehicle, 2022 and
2030

CO2 Emissions Savings (MMT)

Unmanaged 17 20

Managed w/ TOU and VGI 19 21

All electric LDVs achieve emissions savings relative to ICE vehicles in 2022 and 2030.

4.3.2 Transit Bus BCA Results

This study models transit busses as a representative heavy-duty vehicle (HDV), which is classified as a
vehicle weighing 15 tonnes or more.*® The net present value (NPV) of lifetime costs and benefits for an
electric transit bus adopted in 2022 and with unmanaged charging is shown in Figure 4-3. below.

56 Transport Canada: https://tc.canada.ca/en/corporate-services/policies/road-transportation-0.
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Figure 4-3. NPV cost-benefit analysis for a transit bus adopted in 2022 with unmanaged
charging
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Transit busses adopted in 2022 have net costs from the vehicle driver/owner and provincial perspectives.
Net costs are driven by large incremental upfront transit bus costs and high charging infrastructure costs
per bus. There are no rebates included as benefits for transit busses which could serve to mitigate this
cost difference if available. Although savings from avoided diesel costs®” and O&M savings are large, they
are not large enough to make up for the high upfront and charging infrastructure costs.

From the ratepayer perspective, benefits are larger than costs, which indicates that the utility receives
sufficient revenue to cover the electricity supply costs of transit bus charging. Therefore, utility rates
would decrease as a result of additional transit bus charging load.

BCA results for a transit bus adopted in 2022 with managed charging with VGl is shown in Figure 4-4..
Charging is managed against Nova Scotia Power’s General TOU rate for all transit bus depot charging.

57 All transit busses are modeled with base diesel prices as detailed in Appendix 9.1.4.
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Figure 4-4. NPV cost-benefit analysis for a transit bus adopted in 2022 with managed
charging with VGI
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Managed charging reduces charging bills for a transit bus owner by about $3,750 per year, which helps
reduce the net cost for a transit bus adopted in 2022. The Nova Scotia Power General TOU rate only offers
time-varying rates in winter months and additional savings could be unlocked under a rate with year-
round time-varying rates. Managed charging offers greater bill savings for transit bus owners than savings
in electricity supply costs, which causes the net benefit in the ratepayer perspective to decrease.

A summary of transit bus cost-benefit analysis ratios are shown in Table 4-5.

Table 4-5. Cost-benefit analysis results for transit busses

Charging Scenario PCT RIM SCT PCT RIM SCT
Unmanaged 0.7 1.7 0.9 0.8 1.5 1.2
Managed w/ TOU
0.7 1.4 0.9 0.9 1.3 1.2
and VGI

Transit bus driver/owners have net costs in both 2022 and 2030 for all charge management scenarios,
primarily driven by high incremental upfront costs and high charging infrastructure costs per vehicle.
Transit busses also have net costs from the provincial perspective in 2022 but results shift to net benefits
by 2030 due to reduced vehicle upfront costs and increases in diesel costs that get discounted at a lower
rate than from the transit bus owner perspective.

The Economics of Electrification in Nova Scotia 62





Benefit-Cost Analysis Modeling The Economics of Electrification in Nova Scotia: The Economics of Electrification in Nova Scotia

The emissions savings from light-duty vehicle electrification under each charge management scenario are
shown in Table 4-6.

Table 4-6. Lifetime emissions savings per electrified transit bus, 2022 and 2030

CO2 Emissions Savings (MMT)

Charging Scenario 2022 2030
Unmanaged 204 278
Managed w/ TOU and VGI 203 267

All transit busses achieve emissions savings relative to ICE busses in 2022 and 2030.

4.3.3 Parcel Truck BCA Results

This study models parcel trucks as a representative medium-duty vehicle (MDV), which is classified as a
vehicle weighing between 4.5 tonnes and 15 tonnes.*® The net present value (NPV) of lifetime costs and
benefits for an electric parcel truck adopted in 2022 and with unmanaged charging is shown in Figure 4-5.
below.

Figure 4-5. NPV cost-benefit analysis for a parcel truck adopted in 2022 with unmanaged
charging
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58 Transport Canada: https://tc.canada.ca/en/corporate-services/policies/road-transportation-0.
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Parcel trucks adopted in 2022 with unmanaged charging have net benefits from the parcel truck
driver/owner, ratepayer, and provincial perspective. Net benefits from the parcel truck owner and
provincial perspectives are largely driven by savings from avoided gasoline®® and O&M. Relative to transit
busses, parcel trucks have much lower incremental upfront costs compared to a comparable ICE vehicle,
which helps to keep costs low. In addition, parcel trucks have chargers with much lower power levels
(assumed 7.2-15 kW chargers instead of 100-200 kW chargers for transit busses), which results in lower
charging infrastructure costs for parcel trucks.

As seen with LDVs and transit busses, parcel trucks also have ratepayer benefits larger than costs, which
indicates that the utility receives revenues greater than the costs of supplying electricity to serve charging
load and that utility rates will decrease as a result of parcel truck charging load.

BCA results for a parcel truck adopted in 2022 with managed charging with VGl is shown in Figure 4-6..
Charging is managed against Nova Scotia Power’s General TOU rate for all parcel truck charging.

Figure 4-6. NPV cost-benefit analysis for a parcel truck adopted in 2022 with managed
charging with VGI
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With managed charging, a parcel truck driver/owner can reduce charging bills by about $220 per year,
which helps increase net benefits for electric parcel trucks adopted in 2022. The Nova Scotia Power
General TOU rate only offers time-varying rates in winter months and additional savings could be unlocked
under a rate with yearlong time-varying rates. Managed charging offers greater bill savings for parcel truck
owners than savings in electricity supply costs, which causes the net benefit in the ratepayer perspective

59 All parcel trucks are modeled with base gasoline prices as detailed in Appendix 9.1.4.
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to decrease. Net benefits remain positive, though, indicating that utility rates would still go down due to
parcel truck charging load.

A summary of parcel truck cost-benefit ratios are shown in Table 4-7.

Table 4-7. Summary of cost-benefit analysis results for parcel trucks

Charging Scenario

Unmanaged 1.4 1.8 2.0 3.0 1.6 4.5

Managed w/ TOU

1.5 1.6 2.0 3.3 1.4 4.5
and VGI

The emissions savings from parcel truck electrification under each charge management scenario are
shown below.

Table 4-8. Lifetime emissions savings per electrified parcel trucks, 2022 and 2030

CO2 Emissions Savings (MMT)

Charging Scenario 2022 2030
Unmanaged 109 105
Managed w/ TOU and VGI 107 102

All electric parcel trucks achieve emissions savings relative to ICE vehicles in 2022 and 2030.

4.4 Building Benefit-Cost Analysis Results

Table 4-9 summarizes the results of the building electrification BCA for a select configuration of
representative buildings adopting heat pumps for space heating. In general, the customer economics of
heat pumps in single family homes are favorable. Given current assumptions and fuel prices, the adoption
of a current performance heat pump is cost effective for the representative homeowner modeled in 2022,
driven by large avoided fuel oil or electricity bills, depending upon the home’s current heating fuel. The
adoption of best-in-class heat pumps, which could play a significant role in mitigating system peak load
impacts from widespread electrification, also are cost effective from the participant’s perspective under
many modeled scenarios, or will become cost-effective in the next few years as technology improves.
While best-in-class heat pumps are cost effective on a lifetime net present value basis, the incremental
cost of a best-in-class heat pump over a current performance heat pump is approximately $5,000 in 2022
for a single-family home. Thus, additional policy or incentive support may be necessary to encourage
adoption of best-in-class heat pumps. The adoption of heat pumps in single-family homes provides net
benefits to Nova Scotia through avoided fuel supply costs and avoided emissions. There are also ratepayer
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benefits where the adoption of heat pumps generate new load and therefore incremental fixed cost
recovery for Nova Scotia Power.

The results of the building electrification BCA are highly sensitive to the fuel oil price forecast, electricity
rates, and incremental appliance costs. Given the rise in fuel oil prices in 2022, heat pump adoption
provided large customer and societal benefits that may diminish if oil prices fall in the future (see Section
9.2.3 for fuel oil price assumptions). The BCA is also highly sensitive to the upfront capital costs of heat
pumps and counterfactual electric resistance or fuel oil heating systems. Capital cost assumptions were
developed based on Nova Scotia Power’s experience supporting it customers (see Section 9.2.1). Finally,
we note that the marginal electricity generation prices reflect the energy prices as they were modeled for
Evergreen IRP Scenario 3.1C, and thus may not reflect recent dynamic changes in fuel prices.

Table 4-9. Summary of Building Electrification Cost Benefit Analysis Results

Counterfactual

Fuel
Sector Heat pump type PCT RIM SCT
Electric Resistance Benefit Cost Benefit
Current Performance
Fuel Oil Benefit Benefit Benefit
Single Family Electric Resistance Cost Cost Benefit
Best-in-Class
Fuel Oil Benefit Benefit Benefit
Dual-Fuel Mini-split Fuel Oil Benefit Benefit Benefit

4.4.1 Residential Space Heating

The economics of heat pump adoption in single-family homes depends significantly upon the
counterfactual heating system and heat pump type adopted. The economics of heat pump adoption from
the participant perspective are expected to improve over time as the upfront capital costs decline. In all
scenarios, heat pump adoption provides positive societal net benefits given driven by avoided fuel supply
or electricity supply costs as well as avoided emissions.®°

As shown in Figure 4-7, adoption of current performance all-electric heat pumps amongst customers who
currently use electric resistance heating systems provides homeowners and society with net benefits. For
homeowners, the electric bill savings significantly outweigh incremental upfront cost of adopting a heat
pump, and for the province, the avoided electricity supply costs are also greater than the upfront capital

80 The study also performed a preliminary review of representative small commercial buildings. The results suggested
significant participant and societal benefits from commercial heat pump adoption. However, there is significant
heterogeneity in building types and customer heating needs, it’s hard to draw broad conclusions without detailed review.
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cost. The switch from electric resistance to heat pumps is an efficiency measure that reduces the revenue
collected by the utility more than the avoided electricity supply costs which creates a net cost from the
ratepayer’s perspective.

Figure 4-7. NPV cost-benefit analysis for a current performance ducted ASHP adopted in 2022
in a single-family home currently using electric resistance®’
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The adoption of an all-electric current performance heat pump amongst customers who currently use fuel
oil to heat their home is also cost effective (see Figure 4-8The upfront capital cost and increase in electric
billsis less than the avoided fuel bills. Adoption of heat pumps amongst current fuel oil customers presents
net benefits to Nova Scotia, through large, avoided fuel supply savings and avoided emissions. For
ratepayers, electrification of heating in current fuel oil homes presents net benefits as electricity supply
costs are lower than the amount paid in bills by the customer.

61 Analysis assumes customers are on a flat rate.
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Figure 4-8. NPV cost-benefit analysis for a current performance ducted ASHP adopted in 2022
in a single-family home currently using fuel oil.®?
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The adoption of best-in-class ducted ASHPs is cost-effective. For participants, the upfront cost premium
for a higher performance system is greater than the reduction in bill savings customers would see from
upgrading from the current performance system, reducing the net benefits to the homeowner. The higher
upfront cost also reduces the societal net benefits, but the adoption of best-in-class performance heat
pumps is still cost effective from the perspective of the province. Ratepayer benefits decrease because
the higher performance heat pump lowers the amount of new load served by the utility.

62 Analysis assumes customers are on a flat rate.
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Figure 4-9. NPV cost-benefit analysis for a best-in-class performance ducted ASHP adopted in
2022 in a single-family home currently using fuel oil®?
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The inclusion of shell improvements alongside the adoption of a best-in-class heat pump in a current fuel-
oil home is not cost effective from either the participant or societal perspective (see Figure 4-10). The
upfront cost of the shell improvement is much greater than the reduction in incremental electric bills and
electricity supply costs it provides.

63 Assumes customers are on a flat rate.
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Figure 4-10. NPV cost-benefit analysis for a best-in-class performance ducted ASHP and shell

improvement adopted in 2022 in a single-family home currently using fuel oil
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The adoption of dual-fuel mini-split systems amongst current fuel oil customers presents positive net

benefits for homeowners, ratepayers, and the province. The fuel cost savings achieved through the

adoption of the mini-split are greater than the incremental cost of adopting a heat pump resulting in net
lifetime benefits of approximately $12,000 for the participant. From the societal perspective, the avoided
fuel supply costs and avoided emissions costs drive large societal benefits of about $20,000. A significant
reduction in emissions is still achieved with the adoption of ductless mini-splits since the backup fuel
system is used only in the coldest hours and most of the heating demand is electrified. Ductless mini-split
adoption also has net ratepayer benefits driven by an increase in customer electric bills. The use of backup

fuel during the coldest hours reduces the incremental capacity costs to serve the new electrified customer

compared to the current performance ducted all-electric heat pump that uses electric resistance backup

in the coldest hours.

64 Assumes customers are on a flat rate.
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Figure 4-11. NPV cost-benefit analysis for a dual-fuel ductless mini-split adopted in 2022 in a
single-family home currently using fuel oil
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The incremental cost of heat pumps is expected to decline such that heat pump adoption will become
more cost-effective from the customer perspective in the future. The societal benefits of heat pump
adoption are also expected to increase in the future as appliance costs decrease and the electricity grid
becomes cleaner creating greater potential avoided emissions benefits.

65 Assumes customers are on a flat rate.
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Figure 4-12. NPV cost-benefit analysis for a ducted current performance heat pump adopted
in 2022 and 2030 in a single-family home currently using fuel oil (assuming rapid technology
improvement)%®
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66 Assumes customers are on a flat rate.
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4.5 Limitations of the Results

The cost-benefit analysis presents the economics of representative heat pumps and EVs adopted for the
marginal unit adopted using the best available assumptions available today regarding capital costs, fossil
fuel costs, and electricity supply costs. There are several limitations to the methodology used in this study
in assessing the economics at scale across the province from all three perspectives considered.

This analysis models the economics for representative buildings and vehicles. While the buildings in this
analysis reflect an average home or small commercial building in Nova Scotia, the cost of electrifying,
including both capital and operation costs, could vary significantly across the building stock. Similarly, the
infrastructure and vehicle cost assumption, particularly for the parcel truck and transit bus modeled, could
vary significantly depending on usage and transportation demands.

The economic evaluation of electrifying is also highly sensitive to assumptions regarding future fossil fuel
prices. If the cost of gasoline, diesel, or fuel oil rise more than assumed in this analysis, the benefits of
electrifying could increase. The converse is also true: if electricity prices are higher than modeled, the
benefits of electrifying will fall. In addition, we note that given different data sources for different energy
inputs (e.g., electricity from Nova Scotia Power, gasoline from Canadian Futures, and oil based on
benchmarking to local sources and scaling using public forecasts), they reflect somewhat different energy
price conditions/points in time, and future assumptions. Future energy prices are an important source of
uncertainty in this study, and any differences across the different projections are an inherent limitation
on this work.

The cost-benefit analysis considers the economics for the marginal vehicle or heat pump adopted and
does not consider how the adoption of electric vehicles and buildings at scale could impact those marginal
costs.®” The marginal electric sector costs and emissions used in this analysis were provided by Nova Scotia
Power and reflect a mid-electrification trajectory. Those marginal electric sector costs will change over
time and are a function of the pace and scale of electrification, as well as demand side management. Even
though the marginal electric sector costs used in this analysis could change significantly in the future, this
analysis is still useful as it focuses on the adoption of EVs or heat pumps in the near term, which can be
well represented by Nova Scotia Power’s marginal cost assumptions, and is focused on the economics for
a single marginal unit adopted.

67 Instead, the utility separately will use the aggregate load forecasts to evaluate electrification at scale in its PLEXOS modeling.

The Economics of Electrification in Nova Scotia 73





5. Conclusions & Implications for Nova Scotia Power

Across North America, electrification is a core pillar of strategies to decarbonize the economy, and it has
substantial participant and societal benefits, as well as ratepayer benefits under many circumstances. This
study and the supporting analysis generated several key findings for Nova Scotia Power as it supports
provincial electrification.

5.1 Key Analysis Findings

The analysis generated several findings related to electrification in Nova Scotia.
Key Finding 1: Building and transportation electrification reduces emissions in Nova Scotia.

In all transportation and building electrification scenarios evaluated, incremental CO, emissions from
electricity generation to meet vehicle charging and building loads were lower than the offset emissions
from fossil fuel end uses. For example, adoption of a light-duty vehicle today reduces emissions by almost
20 tons (about 50%) over the vehicle lifetime compared to an internal combustion vehicle. Results for
several technologies evaluated are shown in Figure 5-1 below. Emissions benefits also increase with time,
as the electric grid becomes greener through coal-fired generation phase out and investments in wind
and clean imports.
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Figure 5-1. Lifetime CO; emissions savings for electrified transportation and building
investments by representative customers, adopted in 2022 (Lifetime CO; in tonnes shown in

bar)
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Notes: Normalized per vehicle/home CO2 emissions over the lifetime of the selected vehicle or building, with total
emissions labeled within the bar in tonnes (metric). The emissions for ICE vehicle and fossil or electric resistance
buildings are normalized to 1 and electrified transportation and buildings are scaled to their relative counterfactual.
(*) Buildings graph assumes all-electric current heat pump performance (coefficient of performance of 2.7 at -8°C).
The representative fuel oil customer modeled in the figure above has slightly lower emissions than their ER
counterpart given the oil heat pump was a larger size (2 ton vs. 0.5 ton) and operating at a higher COP on average.

Key Finding 2. Most transportation electrification investments produce benefits that exceed costs from
the perspective of drivers, utility ratepayers and Nova Scotia.

While electric vehicles have higher up-front costs today, drivers benefit from existing rebates, avoided
gasoline purchases, and lower maintenance costs over time. Driver benefits are slightly greater when
drivers adopt time-of-use rates and drivers respond to the rates by shifting their charging to off-peak
periods. Likewise, utility ratepayers benefit as electricity sales exceed the cost of supplying electricity.
From the provincial perspective, Nova Scotia benefits not only from the net cost savings and the influx of
federal rebate dollars, but also from the societal value of avoided emissions, which grows over time.
Similar dynamics underpin the analysis of adopting parcel trucks and transit buses in the province, as
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presented in the report body; light duty vehicles and parcel trucks generate net benefits today, and transit
buses are expected to yield net benefits by mid-2020s. Finally, the economics of adopting electric vehicles
are expected to improve with forecasted battery cost declines, enabling light-duty electric vehicles to
achieve cost parity with combustion-based vehicles over time, though significant near-term supply chain
uncertainties exist.
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Figure 5-2. Net present value of costs and benefits of adopting light-duty vehicle in 2022,
assuming managed charging with load management using vehicle-grid integration
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Notes: The benefit estimates vary across scenarios based on rates, fuel costs, incentives, marginal electricity costs.
Results have been rounded to the nearest $100. The figure above assumes (not exhaustive): managed charging with
VGI to smooth loads, TOU electric rates, base gasoline and diesel prices, and a 12-year vehicle lifetime. Light-duty
vehicles receive a $3,000 provincial rebate and $5,000 federal rebate.

Key Finding 3. While building electrification yields net benefits for Nova Scotia, policy may be required
to encourage adoption of duel-fuel and highest performing equipment that minimizes peak impacts and
avoids adverse impacts to electric ratepayers.
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The economics of building electrification from the customer perspective can be more uncertain than a
similar transportation analysis, dependent on current and uncertain future fuel prices and electricity rates,
building type and size, counterfactual heating system, and technology choice. This study evaluated a
selected set of representative electric heat pump options— including “current” or “average” performance
cold-climate air source heat pumps, “best-in-class” cold-climate air source heat pumps, and “hybrid” or
dual-fuel mini-split air source heat pumps, which rely on retaining fuel back-up—from the perspective of
representative current electric resistance, fuel oil, wood, and natural gas customers. Broadly, the
economics for mini-split and current performance heat pumps are more favorable, with selected
conversions generating net positive benefits today and many choices being strongly net positive for
participants by 2030. Duel-fuel mini-split systems, in which an air source heat pump is paired with back-
up fuel oil, offers particular advantages by reducing fossil usage through electrification of most load, while
minimizing peak impacts and therefore electric infrastructure needs through switching to fossil back-up
for the coldest hours. Given currently high fuel prices, the customer economics of best-in-class heat pump
adoption also appear economic and can reduce peaks, given the operating cost savings from using a more
efficient appliance. That said, current performance all-electric heat pumps adopted at scale would
generate higher system peak impacts than best-in-class heat pump adoption. This trade-off requires
careful consideration: the economics are highly uncertain and will be influenced by the marginal cost to
serve large amounts of new load, as well as the rate of heat pump technology cost decline, the influence
of high fuel prices on future electricity rates, rate design, oil prices, and other important variables. Finally,
we note that although not within scope for this study, existing research suggests that electrification is
likely to remain a cheaper option than decarbonized fuel for most homes. Similar, although not evaluated
here, the economics of new construction are much better than retrofits, and these costs should be

evaluated in future work.%6%70

68 Maryland Commission on Climate Change, “Building Energy transition Plan: a roadmap for decarbonizing the residential and
commercial building sectors in Maryland,” November 2021,
https://mde.maryland.gov/programs/air/ClimateChange/MCCC/Commission/Building%20Energy%20Transition%20Plan%20-
%20MCCC%20approved.pdf (pg. 7)

69 E3, “Financial Impact of Fuel Conversion on Consumer Owned Utilities and Customers in Washington, May 2022,
https://www.commerce.wa.gov/wp-content/uploads/2022/06/Financial-Impact-of-Fuel-Conversion-on-Consumer-Owned-
Utilities-and-Customers-in-Washington-Final-Report.pdf (pg. 3)

70 Massachusetts D.P.U. 20-80, The Role of Gas Distribution Companies in Achieving the Commonwealth’s Climate Goals:
Independent Consultant Report, Technical Analysis of Decarbonization Pathways, March 2022,
https://thefutureofgas.com/content/downloads/2022-03-21/3.18.22%20-%20Independent%20Consultant%20Report%20-
%20Decarbonization%20Pathways. pdf
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Figure 5-3. Net present value of adopting heat pump technologies for selected cases
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Notes: Results shown here are the costs and benefits for a single-family home on a flat rate. Adoption of heat pumps
amongst current electric resistance customers presents a net ratepayer cost as the more efficient system reduces
bills more than estimated electric supply costs. The incremental appliance cost of a heat pump compared to electric
resistance counterfactual system is lower than utility bill savings. Switching to a heat pump from a fuel oil system
creates net benefits for the homeowner. Mini-split customers are assumed to maintain their non-electric heating
system for use during peak periods, leading to ratepayer savings in that scenario. Retail fuel oil prices in 2022 are
assumed to be $5.56/therm ($2.03/L) and electricity rates are $0.1622/kWh. In 2022, the cost of a best-in-class heat
pump installed in single family home currently using fuel oil is $16,000; the cost of an average performance heat
pump is $10,869; and the cost of the dual-fuel mini-split is $6,500 (not including furnace replacement). See section
9.2 for detailed BCA assumptions.

Key Finding 4. Utility actions to manage transportation loads will be crucial to minimizing costs and
achieving ratepayer benefits.
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In the transportation sector, time of use rates and aggregating and smoothing loads to avoid “rebound
peaks” will be valuable as adoption advances; unmanaged transportation electrification, assuming typical
driver behavior under scenarios consistent with 100% EV sales by 2035, could generate over 1000 MW of
evening peak load in Nova Scotia by 2050 (as shown in Figure 5-4 below). Simulations that incorporate
driver responses to Nova Scotia Power’s current time-of-use (TOU) rate shift load out of peak hours but
create a strong rebound in charging demand when the off-peak period begins. A version of “smart”
programs to complement TOU rates will likely be needed to avoid unintended consequences of “rebound”
peaks at the beginning of off-peak hours. These programs can be enabled through technologies that
provide vehicle-grid integration (VGI), which allows utilities to communicate with home technologies and
coordinate charging load to when electricity supply costs are lowest.

Figure 5-4. Peak winter weekday loads from 2025-2050 with increasing light-duty vehicle
loads
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Note: VGl in the figure above reflects the assumption that the utility is managing and shifting charge to flatten overall
load impacts.

Key Findings 5. Encouraging adoption of advanced building technology such as high performance all-
electric heat pumps and dual-fuel heat pumps will be essential to mitigate peak load impacts. Equally
important will be coupling new heat pumps with continued building shell and other energy efficiency
measures.

Current performance heat pumps can generate incremental coincident peak impacts of over 1000 MW
(non-coincident impacts can be even larger, at over 1100 MW by 2050). Building enough generation,
transmission, and distribution capacity to serve this load could be costly. High performance heat pumps
as modeled in the Best-in-Class scenario could reduce coincident peak impacts by almost 70 percent,
significantly reducing the need for new firm generating capacity (see Figure 5-5 and 5-6 below). While the
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cost-benefit analysis estimates slightly lower ratepayer benefits from the adoption of best-in-class heat
pumps, this finding is sensitive to estimates of the marginal electricity supply costs, inclusive of generation,
transmission, and distribution. When electrification occurs at scale, the marginal cost to serve load from
new heat pumps could trigger significant new investments in generation, transmission and distribution as
heat pumps add new load to existing winter peaks when adopted in buildings currently using fossil fuels
for heating; this in turn would reduce ratepayer benefits of current performance heat pumps, adding
urgency to the need to incentivize best-in-class heat pumps and dual-fuel heat pumps to reduce the peak
load impact. Increased wintertime peak loads are especially challenging on the Nova Scotia Power system,
which in the future will need to in large part rely on peaking facilities fueled by either natural gas (with
associated carbon costs) or a clean substitute such as green hydrogen to meet system peaks. (Note that
net ratepayer impacts will depend on utility revenues, a function of rate design, from electrified load
relative to the costs to serve that load.)

Figure 5-5. Noncoincident peak impacts of building electrification: 1-in-10 impacts
increasingly important to consider as electrification is pursued at scale
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Figure 5-6. Components of non-coincident peak impacts from building electrification
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Figure 5-7. Peak winter weekday loads from 2025-2050 with increasing building heating loads
(buildings plus system load peak impact)

i No ER Phaseout + Current ) Current Trends Heat Pumps
Trend Heat Pumps for Qil

3500 A 3225 MW ]

2991 MW
3000 - :

2500 A

2000 4

MW

1500

1000 +

500 A

0 5 10 15 20 0 5 10 15 20
Hour of Day Hour of Day

4000 - Best-in-Class Heat Pumps Dual-Fuel Current Trends

Baseload 2018
3500 1 2050
2045
2040
3000 I 2035
I 2030 2466 MW
||

2025

2500 - 2415 MW

2000 4

MW

1500+

1000 A

0 5 10 15 20 0 5 10 15 20
Hour of Day Hour of Day

5.2 Recommendations for Nova Scotia Power

Electrification has the potential to provide significant benefits to Nova Scotians by reducing total energy
expenditures and lowering the province’s overall emissions footprint. However, realizing the full benefits
of electrification will require actions from a range of parties, with no one group, stakeholder, or the utility
able to drive the transformation alone. In Nova Scotia, Nova Scotia Power plans, operates, maintains, and
balances the majority of the grid assets needed to power widespread electrification and therefore is
uniquely positioned to proactively identify and pursue initiatives to support electrification, particularly
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those to meet reliability and equity goals. The recommendations below highlight key utility actions for
Nova Scotia Power as it executes on its electrification strategy. We note that these recommendations are
derived both from the analysis as well as from the jurisdictional scan and E3’s broader experience working
on utility electrification across North America.

Short-term Actions, Customer Programs & Capital Investments

Recommendation 1. Design and promote increasingly dynamic rate structures that encourage adoption
and minimize costs, including expanding current time-of-use rates to the full year and gradually moving
to rates that reflect the marginal cost to serve load.

+ Implement dynamic rate design’*: Transportation loads, and to some extent new building
loads, are a flexible source of new load for utilities across North America. Better alignment of
retail rates with the marginal costs to serve load lowers costs to ratepayers and provides EV
adopters opportunities to shift their charging to lower cost hours (e.g., periods of renewable
generation). More efficient rate structures reflect the costs of interconnection, capacity, and
energy services by time of day, while appropriately compensating customers who can provide
system services (e.g., energy, load flexibility) themselves. Rate designs that encourage shifting
can reward users through lower rates during these lower cost times, improving the economics
for adopters and helping avoid the need for costly infrastructure upgrades. While today, the
most common utility rate design is a time-of-use rate, these do not realize the full benefits
associated with home/vehicle to grid integration, and more dynamic price signals that vary with
grid conditions will provide even stronger incentives for shifting load. The SDG&E Grid
Integration Rate (GIR) piloted from 2018-2020 is a good example that included day-ahead hourly
prices with adders for system and distribution peak hours. SDG&E reports indicate that the GIR
rate was effective at shifting charging from peak hours in early evening to outside of the peak
period.”? Another example is New York’s Smart Home Demonstration Projects, designed to
demonstrate how alternative rate structures with customer price signals can optimize value for
the customer and the system. Customers were given home energy management technologies
and signed onto a rate structure reflective of day-ahead hourly locational-based marginal
prices.”?

e Inthisinstance, E3 does not believe that submetering or installing a second meter for
EVs is necessary to support EV adoption in the near-term. These options have generally

71 The conceptual ideal multi-part rate design includes: 1) a dynamic hourly energy rate that is low in most hours of the year
when zero/low variable cost resources are abundant and on the margin; 2) a long-run marginal cost-based coincident
demand charge or hourly allocation of long-run marginal capacity costs that encourage reducing and shifting load out of a
relatively small number of hours driving new investments in generation, transmission, and distribution capacity; and 3) non-
bypassable customer charges designed for equity that recover remaining embedded and unavoidable fixed costs.

72 Despite the program’s success, challenges included software customizations. It was also noted that because direct charging
control was not included in the project, VGI could not be utilized to its fullest capacity for renewable integration and
distribution system management. For more information see:
https://www.sdge.com/sites/default/files/regulatory/SDG%26E%20FINAL%20Power%20Your%20Drive%20Research%20Rep
ort%20April%202021.pdf. Initial filing available here: Microsoft Word - Application Testimony Chapter 5 - Rate
Design CF final.docx (sdge.com)

73 NY Smart Home Rate Demonstration Projects - LPDD
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been costly, and have faced implementation challenges, including for submeters
challenges related to accuracy and the ability to do utility-grade metering for billing. This
may change in future years as more VGI and particularly V2G opportunities are
implemented. In the immediate future, E3 believes it’s more important to focus on
whole-home rate designs that reflect the costs of supply.

-+ Drive customer transition: A transition to more dynamic rates requires significant customer
outreach and education and should be implemented gradually to ensure customers can adjust
their behavior and avoid abrupt bill changes. Pilot programs and opt-in rate designs allow
customers to transition at their own pace and directly experience benefits over time. Nova
Scotia Power is advancing opt-in Time Varying Pricing (TVP) and Critical Peak Pricing (CPP) pilots
for this purpose, with an interim report currently filed with the Board’*. This approach is aligned
with E3’s recommendation that Nova Scotia Power start with opt-in and transition to opt-out
once benefits and successful customer outreach strategies are well established. California’s
transition to default, opt-out TOU rates has taken over five years and was hampered by early
customer complaints and confusion. At the same time, customers with EVs and PV have
generally been positive about opt-in TOU rates.”®

Leverage advanced metering infrastructure (AMI) to manage loads for the benefit of
all customers: AMI, or smart meters, which measure and record electricity usage data at
least hourly, are required for more dynamic rate designs and demand response
programs. AMI enables widespread adoption of TOU rates, which are a good starting
point for encouraging load to shift from on- to off-peak periods. However, TOU rates do
not facilitate customer responsiveness to the specific hours with the highest or lowest
costs and GHG emissions and can cause secondary peaks at the start of the off-peak
period. As customers adopt more flexible DER such as energy storage, EVs and electric
water and space heating, more dynamic rate and load management strategies will be
needed to maximize their value for both Nova Scotia Power and the customer. Enabling
more dynamic strategies for flexible electrification technologies will require work in
several areas, including cost-effective communications, metering and interconnection
requirements.

Vehicle Grid Integration (VGI): An early use case will be VGI, which includes managed
one-way charging (V1G) as well as two-way charging and discharging, including vehicle-
to-grid (V2G) and vehicle-to-building (V2B) services. VGI services are broadly categorized
as “passive” (e.g., responding to a TOU rate) and “active” (e.g., providing a verified
response to a dispatch signal). Passive V1G services are feasible today and widely
adopted with AMI. Active and V2G strategies require more enabling technology and
policy changes, but also have potentially significant incremental value if those
challenges can be addressed in the coming years. E3 recommends that Nova Scotia

74 M09777: Time Varying Pricing Pilot Program Nova Scotia Power Interim Report, July 29, 2022

75 This approach can also be taken a step further to drive electric adoption by offering electric rates specifically for all-electric
customers who adopt heat pumps. At the same time, care must continue to be taken to ensure that rate designs do not
generate cost shift.
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Power continue its roll out of TOU and CPP rates, and quickly scale existing investments
in V1G with AMI, while finishing the Smart Grid NS pilot that includes V2G technology.

Recommendation 2. Work with E1 to provide rebates to help customers overcome high up-front costs
of electrification, with the utility focused on technologies that provide ratepayer benefits.

+ Spur electrification with ratepayer benefits: Rebates can help customers overcome
electrification first-costs. While the government should support adoption aimed at achieving
the societal goals and benefits of electrification, the utility role should be distinctly focused on
encouraging technologies with better RIM (ratepayer impact measure) test results. EVs and oil-
to-heat pump conversions will yield net revenues to the utility and thus ratepayers, due to an
increase in sales relative to the cost to serve new loads. These revenues can help fund incentives
or rebate mechanisms that increase adoption and create benefits to Nova Scotia, while at the
same time reducing upward pressure on electricity rates. As shown in the BCA analysis,
electrification of certain buildings and transportation segments generate ratepayer benefits that
are less than the incremental cost of electrification from the participant perspective. For certain
customers, ratepayer funded rebates will be insufficient to incentivize electrification.”® Thus,
non-ratepayer sources of funding will be needed to support near-complete levels of
electrification without negatively impacting non-participating ratepayers.

e Transportation rebates: Despite net benefits for participants over the lifetime of the
vehicle, electric vehicles of all classes are still expected to have incremental up-front
costs until the early to mid-2030s, with a payback period estimated at three years for
light-duty vehicles. Because electric ratepayers benefit from EV adoption through lower
average electric rates, a portion of ratepayer benefits associated with electric vehicles
could be used to support adoption through up-front vehicle or charging infrastructure
incentives.

e Space heating rebates: Payback periods for heat pumps can take several years. For
existing oil customers, hybrid dual-fuel heat pumps (i.e. mini-splits) are typically already
cost-effective, and encouraging adoption of dual-fuel heat pumps with new rebates could
generate provincial benefits through avoided fuel and emissions. Without rebates,
conversion to all-electric systems for current oil customers is slightly costlier today given
the incremental up-front system cost, but societal benefits are achievable and ratepayer
benefits could support all-electric heat pump incentives. For electric resistance homes,
adoption of current performance all-electric heat pumps is cost effective today and
generates significant societal benefits through avoided electric supply and emissions.

76 This is partially driven by the large magnitude of lifetime net costs. For example, transit buses adopted in 2022 face a lifetime
net cost of over $156,000 as seen in Figure ES-3, which is greater than an amount that could be recovered without impacting
non-participating customers. This is also driven by the financing structures that may be required to support low-income
adoption of appliances or vehicles with high upfront costs; even if customers can achieve lifetime net savings, further
reductions to upfront costs may be needed to increase accessibility of electrified devices to some customer types.
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Although not directly evaluated in this study, new construction is expected to have better
economics than retrofits and should be prioritized in programs and policy.

e High performance heat pumps: While the highest performing (“best-in-class”) heat
pumps are more costly to customers and therefore provide somewhat lower societal
benefits even with technology cost declines, the benefits associated with avoiding
electrification peak impacts are expected to grow as electrification is pursued at scale. In
other words, while the costs of meeting incremental loads with new capacity may be
reasonable on the margin, meeting this new peak growth over time and in aggregate may
require more expensive capacity (e.g., hydrogen-ready combustion turbines, significant
penetrations of grid-scale batteries) and distribution system upgrades (e.g., transformer
replacements, line reconductoring, voltage upgrades, etc.). Thus, increasingly
incentivizing these systems is likely to be valuable (particularly for electric resistance
customers where fuel back-up is not an option).

e Water heating: Like space heating, converting customers to heat pump water heaters
generates significant societal benefits, including reductions in emissions and lowering
total energy bills; however, for electric resistance customer conversions, which do not
result in lower electric rates for non-participants, public funds should be used to pay for
rebates for electric heat pump water heaters.

Recommendation 3. Support development of infrastructure “backbone” for electric vehicle charging to
improve geographic coverage and fill gaps where third parties may have less incentive to invest.

-+ Create infrastructure backbone: A robust electric vehicle charging network will be required to
address range anxiety and support adoption of electric vehicles. Electric utilities like Nova Scotia
Power have broad experience developing electricity infrastructure projects and have an ability
to fund investments with revenues earned through rates when benefits are clear, and to work
with partners, such as third-party charging providers, to facilitate investments in charging
solutions. In addition, given it manages the distribution network, the utility can ensure that
chargers are built in a way that leverages the existing distribution network at least cost and in a
manner that maximizes customer benefits. E3 recommends that Nova Scotia Power focus its
efforts on building a backbone of public chargers and a broader network of make-ready charging
infrastructure to support third-party chargers in meeting customer locations and driver needs.

e Invest in make-ready investments in high-traffic locations: E3 encourages Nova Scotia
Power and its’ partner E1 to invest in make-ready charging infrastructure, including
infrastructure to support Level 2 chargers at public locations, multi-unit dwellings, and
workplaces, and in high-traffic spots where distribution network capacity is readily
available. Similar make-ready infrastructure programs have been implemented by
utilities across North America and have played a key role in building out charger

The Economics of Electrification in Nova Scotia 87





Conclusions & Implications for Nova Scotia Power The Economics of Electrification in Nova Scotia: The Economics of Electrification
in Nova Scotia

networks.”” These make-readies can enable third party chargers, leveraging their private
investment in the province, and help steer charging providers toward locations that are
the less constrained and thus lower cost interconnection points.

e Invest in full charging infrastructure to fill charging gaps: Beyond supporting third-party
charging providers and building owners in make-ready investments, Nova Scotia Power
should invest in full charging infrastructure, including both EVSEs and make-ready
infrastructure, in locations where charging gaps are likely to exist due to lower third party
incentives for investment.’® For example, private providers are likely to have less
compelling business cases to build chargers in areas with lower average household
incomes, disadvantaged communities, and rural communities, where concentrations of
EVs are currently low. Private providers also have lower incentives to serve multi-unit
dwellings, where access and utilization are lower than other public charging locations but
where charging access is critical for facilitating EV adoption. Utilities across North America
have also begun filling in charger gaps through investments in full charging infrastructure.
By filling these gaps with a mix of DCFC and Level 2 chargers, Nova Scotia Power can help
enable widespread and equitable adoption of EVs.

Recommendation 4. Support cost-effective grid modernization and panel upgrades, as well as all-
electric ready new construction, to ensure the utility doesn’t become a bottleneck to electrification.

-+ Grid modernization and panel upgrade investments are necessary to enable electrification but
can increase near-term rate pressure and so should be carefully evaluated.”® All new
construction should be built to accommodate future electrification. This “electric-ready”
construction has electrical panels and services sized to accommodate electric appliances and
vehicles. Electric-ready construction can be mandated by government through energy and
building codes. Building new construction to be electric-ready can avoid the expensive costs of
retrofitting infrastructure. In existing buildings, where retrofits are needed, upgrades are likely
to increase rate pressure. Electrical upgrades can require utility permits and approval, which has
been slow and created bottlenecks in other jurisdictions. Nova Scotia Power can help avoid
these bottlenecks by streamlining the process for evaluating upgrades and issuing permits.
Given its role as the electrical inspection authority within its service territory, the utility can also
help facilitate appropriate procedures up front and prioritize timely inspections to ensure this
doesn’t slow down electrification. E3 also recommends that the utility identify ways to more
efficiently and cost-effectively support distribution system and service upgrades. For example,

77 Examples include Eversource and National Grid, which have implemented make-ready programs to support public, multi-unit
dwelling, and workplace charging. Hawaiian Electric Co. (HECO) has also implemented make-ready charging infrastructure
programs. Southern California Edison (SCE) and San Diego Gas & Electric (SDG&E) have both implemented make-ready
charging infrastructure programs for medium- and heavy-duty vehicles.

78 Utilities in North America that have implemented full charging infrastructure have included costs in their rate base. Examples
include San Diego Gas & Electric’s rate base cost recovery of 3,500 L2 chargers in its Power Your Drive program and Southern
California Edison’s rate base cost recovery of chargers at 1,500 sites as part of its Charge Ready program to help jumpstart EV
adoption in their service territories.

79 To ensure equitable access to electrified technologies, one strategy may be to prioritize undersized panels and panels for
low-income and/or disadvantaged communities.
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Nova Scotia Power may develop plans for coordinating investments in higher amperage service
conductors by having a program in place to proactively schedule and complete the associated
upgrades in a coordinated fashion that can both minimize certain costs that can be shared (e.g.,
road closures) and accelerate the overall pace at which upgrades can be completed.

Long-Term Strategy and Planning

Recommendation 5. Fully incorporate electrification strategy findings, including peak impacts and
mitigation strategies, into utility planning models.

+ Model impacts on resource needs and costs: Reliably serving electrification loads will be a
defining challenge for Nova Scotia Power in coming decades. While many programs and initiatives
described above could help to mitigate this impact (e.g., smart charging, dual-fuel heat pumps),
Nova Scotia Power should continue to model the impacts of electrification on the generation
portfolio through its IRP Evergreening process and beyond, enabling the utility to proactively plan
a mix of generation and demand-side resources to meet the system’s capacity needs at least cost
and while maintaining emissions constraints. An ongoing emphasis in Nova Scotia Power’s
planning should be evaluation of the potential electricity cost savings associated with peak
mitigation strategies.

+ Model impacts of electrification on reliability: High levels of electrification will change the
timing and shape of Nova Scotia Power’s peak loads and may increase load’s weather sensitivity.
This in turn may affect the ability of variable and energy limited resources to provide capacity
and could potentially increase the required planning reserve margin. At the same time, flexible
electric vehicle loads may provide reliability benefits, and Nova Scotia Power should consider
modeling the reliability benefits managed load can provide relative to unmanaged loads. We
recommend Nova Scotia Power evaluate the potential for different DER programs to provide
effective capacity contributions through robust reliability modeling (e.g., using a loss-of-load
model); this modeling could also inform a comparison of the ability of different DER programs to
provide cost-effective alternatives to supply side investments (e.g., batteries).

-+ Evaluate the impacts of electrification on equity and affordability. Electricity system planners
are increasingly playing a role in assessing the potential impacts of electrification and other
decarbonization investments on energy affordability. Metrics to assess affordability include
monthly or annual energy bills, energy costs that incorporate both bills and upfront costs, and
energy bills as a fraction of household income. While electric rates are a useful gauge for how
the costs of electricity for customers change over time, applying electric rates to customer loads
is needed to determine the actual impacts of electrification on customers’ total energy bills and
costs. Understanding the affordability implications of electrification can help inform provincial
planning and determine where additional provincial support will be needed. Affordability also
extends beyond electricity; affordability metrics should consider the offsetting reductions in
natural gas, fuel oil, gasoline and diesel expenditures as building and transportation end uses
are converted to electricity, as well as the up-front cost premiums associated with electrified
equipment and appliances.
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Recommendation 6. Advance public-facing distribution planning process to support electrification

-+ Proactive distribution system planning: Utility planners need to manage an increasingly
complex distribution system proactively and effectively. Pre-planning is needed to identify areas
where significant load growth is expected and the upgrades that might be needed if various
scenarios play out with electrification, and to coordinate with those investments. E3
recommends that Nova Scotia Power proactively identify needed transmission and distribution
facilities to ensure that customers do not experience delays in upgrading to electrified
equipment. At a high level, this involves building out spatially explicit load forecasts under key
electrification planning scenarios, and typically using commercially available tools to allocate
expected load growth at the substation level. The next steps often involve evaluating the ability
to shift load away from overloaded areas and adding capacity in the most constrained areas of
the distribution system. Ideally, more detailed modeling of customer equipment that can shift
load, providing benefits to the grid through load management, is pursued as another step in
distribution planning, as this can potentially reduce the size of needed transmission and
distribution investments. A formal distribution system planning process that includes such non-
wires alternatives will also enable stakeholder engagement and public participation to help
identify the most pressing issues to customers and identify areas that are in need of utility
investment in order to ensure a reliable, resilient grid and help the province meet long-term
goals.

Partnerships & Customer Engagement

Recommendation 7. Electrification at scale requires concerted effort and coordination across diverse
organizations and interests with complementary expertise. Nova Scotia Power should continue to
proactively build partnerships with these other key stakeholders.

+ Key partnerships are likely to include the following:

e Efficiency One: Support E1 in accelerating building shell and other efficiency measures to
reduce customer bills when switching to electrified space and water heating. Coordinate
and support E1 in promoting heat pump adoption among current electric resistance
customers, consistent with utility remit under the Public Utilities Act. Bill 228 expands
“electricity efficiency and conservation” activities to include “strategic electrification of
energy end uses currently powered by fossil fuels in a manner that reduces overall
greenhouse gas emissions and electricity costs.” 8 As the utility, Nova Scotia Power
should work with E1 on prioritizing electrification programs and initiatives.

e Government: Nova Scotia Power should engage in ongoing collaboration helping
encourage 1) electric-ready building codes and other building policies that encourage
beneficial electrification; 2) enable the deployment of charging stations; 3) identifying

80 Bill 228, which received Royal Assent on November 9, 2022, adds “strategic electrification of energy end uses currently
powered by fossil fuels in a manner that reduces overall greenhouse gas emissions and electricity costs” to the mandate of
Nova Scotia’s electricity efficiency and conservation franchise holder.
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underserved communities and investments needed to ensure equitable access to
electrified mobility and heating.

e Third Party EVSE Providers: Work to collaborate on improving the process of
interconnection and developing additional public and workplace charging infrastructure.
The utility role may complement third-party charging companies by filling in ‘gaps’ in
coverage in underserved areas.

e Equipment Manufacturers: Collaborate on education, outreach, and innovation.

e Transit/Bus Owners and Operators: Work to develop electrification pilots and support
education on model types, capabilities, and limitations.

e Consumer Advocates: Collaborate to understand broad impacts on underserved
communities. Pursue outreach and potential programs to help overcome first-cost
hurdles.

e Supporting customer education and training: Despite growing awareness of
transportation electrification options, many consumers as well as building and vehicle
fleet managers and operators have insufficient information in considering electrification
options. Customer engagement is needed to identify where and when on the grid loads
will materialize.

e Supporting technical contractor training: Lack of knowledge of the benefits and
capabilities of heat pumps by contractors may drive up contractor mark-up. Training
contractors and developing public lists of contractors with expertise in heat pump
retrofits can help make customer adoption easier and cheaper.

Recommendation 8. Support an equitable transition through programs directly aimed at lower income
or disadvantaged communities.

+

Identify underserved communities and prioritize investments to ensure equitable access:
Without intentional program design, electrification at scale is expected to pose challenges that
disproportionately impact lower-income and disadvantaged communities. For example, these
customers may be less able to self-fund capital investments required for building electrification,
and on the transportation side, they may live in communities with less access to charging
infrastructure. It will be critical for Nova Scotia Power and E1 to work with provincial and local
governments to identify underserved communities and investments needed to ensure equitable
access to electrified mobility and heat. For example, these could include lower income
households or areas, communities with disproportionate health or pollution burdens, or rural
areas with less infrastructure. In addition to including equity-related analysis in utility planning
(e.g., by estimating energy burden as noted above), the utility should pursue specific initiatives
to address equity-related challenges. One approach best-in-class utilities are taking is to set
specific targets for electric vehicle charging infrastructure in disadvantaged community or multi-
family housing units. For example, a specific challenge in Nova Scotia relates to communities
currently served by radial transmission lines. These communities have lower reliability and less
ability to integrate new large electric loads without major upgrade costs. For widespread
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electrification, these customers will require upgraded supply. Thus, the costs of supporting
investments in these communities — relative to the potential achievable electrification net
benefits — should be a priority to evaluate, and investments in these areas could be considered
on the basis of promoting equitable access to electrification benefits in the province
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6. Appendix: Detailed Transportation Load Modeling

Assumptions

6.1 E3 EV Load Shape Tool Inputs and Assumptions

6.1.1 Light-duty vehicle (LDV) charging loads inputs and assumptions

LDV are assumed to drive on average 17,427 km/yr®. The 2030 vehicle parameters assumed are show in

Table 6-1 below:

Table 6-1. 2030 vehicle parameters

Average Range (km)

% of vehicle population

BEV

475

77%

PHEV

68

23%

EV efficiency for each vehicle type is adjusted daily in the model based on historic Nova Scotia

temperature data.

The number of residential chargers are based on the assumption that 75% of drivers have access to
residential charging. The number of workplace and public charger ratios are developed using EVI Pro Lite
and the assumption that 34% of drivers have access to workplace charging.®? Charger parameters for each
charger location and charger type modeled are shown in Table 6-2 below:

Table 6-2. 2030 charger parameters

Charger type Rated charger Charger efficiency = Charger : EV ratio # of Chargers
power (kW) (%)
Residential L1 1.6 90% 1:1 25,607
Residential L2 114 90% 1:1 33,444
Workplace L2 6.6 90% 1:21.8 3,465
Public L2 6.6 90% 1:29.5 2,561
Public DCFC 175 85% 1:44.8 1,686

81 https://oee.nrcan.gc.ca/publications/statistics/cvs/2009/appendix-1.cfm?graph=11

82 Nova Scotia 2016 Census Data, NREL EVI-Pro2 Input Presentation, Aug 2020
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Note that the actual maximum power draw is dependent on vehicle type and may be lower than listed in
Table 6-2 for some EV types.

6.1.2 Medium-duty vehicle (MDV) and heavy-duty vehicle (HDV) charging loads inputs and
assumptions

Transit buses were selected given their predictable driving schedules and consistent depot charging; long-
haul trucking driving patterns often span beyond the Nova Scotia province and have inconsistent locations
for charging. Transit buses are assumed to drive 62,888 km/yr.®* Parcel trucks are used to represent MDV
charging loads. Parcel trucks are assumed to drive 22,779 km/yr.84

Vehicle parameters for transit buses and parcel trucks are shown in Table 6-3 below:

Table 6-3. 2030 MD/HD vehicle parameters

EV type Average Range (km)

Transit bus 670

Parcel truck 442

The efficiencies of transit buses and parcel trucks are adjusted daily based on historic Nova Scotia
temperature data. Transit buses have a slightly different relationship to temperature than LDV and parcel
trucks.

All parcel trucks and transit buses are assumed to have their own charger. Charger parameters for transit
buses and parcel trucks are given in Table 6-4 below:

Table 6-4. 2030 MD/HD charger parameters

Charger type Rated charger power  Charger efficiency | Charger : EV ratio # of Chargers

Transit bus 100-200 90% 1:1 601
charger

Parcel truck 7.2-15 90% 1:1 956
charger

83 https://oee.nrcan.gc.ca/publications/statistics/cvs/2009/appendix-1.cfm?graph=11
84 https://oee.nrcan.gc.ca/publications/statistics/cvs/2009/appendix-1.cfm?graph=11
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6.2 Additional E3 EV Load Shape Tool Results

Charging profiles vary by temperature and therefore fluctuate throughout the year. A per vehicle charging
profile for an unmanaged LDV is shown in Figure 6-1 below.

Figure 6-1. Annual unmanaged LDV charging profile

Per vehicle annual charging is shown for a managed vehicle with VGl in Figure 6-2 below.

Figure 6-2. Annual managed with VGI LDV charging profile
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Based on modeling in E3’s EV Load Shape Tool, LDVs in Nova Scotia are forecasted to increase load by
about 260 GWh by 2030, with an additional about 80 GWh from transit buses and parcel trucks.
Incremental transportation loads by vehicle class are shown in Figure 6-3 below.

Figure 6-3. Incremental transportation loads, 2020-2045

Electrified transportation, including LDVs, transit busses, and parcel trucks, represents approximately 3%
of Nova Scotia’s total load in 2030 and 15% by 2040.

Unmanaged charging has a much greater total contribution to coincident peak load compared to managed
charging. Figure 6-4 below shows the LDV contribution to Nova Scotia coincident peak load under
different charge management scenarios.
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Figure 6-4. LDV contribution to coincident peak load, 2021-2045
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7. Appendix: Detailed Building Load Modeling
Assumptions

7.1 Coefficient of Performance (COP) Assumptions

E3 uses manufacturer reported data on the performance of ccASHPs provided by NEEP in its Cold Climate
Air Source Heat Pump Product List and Specifications. Data from the NEEP database is used in RESHAPE as
shown in the base, mid, and best-in-class curves in Figure 7-1. . E3 corroborated the NEEP data with
publicly available manufacturer reported data from Amana, Goodman, Day and Night, and Rheem
(“Manufacturer Reported COPs” in Figure 7-1. ).

Figure 7-1. RESHAPE COP curves
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7.2 Heat Pump Sizing Assumptions

Base and mid performance all-electric heat pumps are sized according to standard practice to have a heat
pump balance point temperature—the temperature below which the supplemental device would begin
to serve heating demand—of 20°F/-7°C. Best-in-class all electric heat pumps were oversized such that the
heat pump could serve the heating demand at 99" percentile historical minimum temperature from 2000
to 2018. Dual-fuel heat pumps were also sized to have a heat pump balance point temperature of
approximately 20°F/-7°C. For dual-fuel systems, heat pumps are modeled such that below the balance
point temperature both the heat pump and supplemental device both contribute to meeting the service
demand.
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7.3 Shell Improvement

E3 modeled building electrification scenarios with “DSM” and “Pre-DSM.” In scenarios with DSM, buildings
adopting heat pumps also receive a building shell improvement. E3 used the building simulation software
EnergyPlus to determine the percent reduction in annual service for existing buildings that receive a shell
retrofit (see Table 7-1). E3 simulated a prototype residential and commercial building in Nova Scotia with
pre-DSM (existing) and DSM (new construction code) building envelopes. The building simulations used
slightly lower R-values than prescribed by the code because retrofits are unlikely to achieve the insulation
levels of new construction and most buildings would comply with the code on a performance-based
approach targeting other measures (lighting, plug loads, heating equipment) to be compliant. Details on
the building envelopes modeled in EnergyPlus are in Table 7-1.

Table 7-1. Shell improvement in DSM building scenarios

% Reduction in Annual

Service Demand

Residential 23%

Commercial 14%

Table 7-2. EnergyPlus simulations building details

Sector Building Type Wall Assembly Roof Assembly Glazing Assembly Infiltration

R-Value R-Value U-Value (cfm/sf)
(ft>*h*R/Btu) (ft>*h*R/Btu) (Btu/ft**h*R)

Pre-DSM — Existing 15.4 22.2 0.52 0.223
Residential _
DSM = New 20.4 32.2 0.35 0.112
Construction Code
Pre-DSM — Existing 15.4 22.2 0.52 0.223
Commercial DSM - New
20 32 0.35 0.12

Construction Code
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8. Appendix: System Load Impacts with Demand Side
Management

As discussed in Section 3, electrification at scale could potentially have large impacts on system peak loads.
Many studies have demonstrated that coupling energy efficiency investments such as weatherization and
building shell improvements coupled with electrification is critical for achieving cost-effective
decarbonization. Thus, E3 modeled system load impact under building electrification scenarios that
include demand side manage (DSM) strategies like shell improvements.

As summarized in Table 8-1, E3 modeled scenarios building upon the Current Trends All-Electric and Best-
in-Class Pre-DSM. The Current Trends scenario with DSM models the adoption of shell improvements
amongst current electric resistance customers adopting heat pumps. In the Best-in-Class scenario with
DSM, all buildings receive a shell improvement when adopting a heat pump. In both scenarios, residential
buildings that receive a building shell improvement reduce their annual heating service demand by 23%
and commercial buildings reduce their annual heating service demand by 14%. The expected impact of
building shell improvements was estimated using building simulation software as described in the
Appendix: Detailed Building Load Modeling Assumptions.
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Table 8-1. Building scenario design with DSM

P D P )
Today’s gas
and oil
. Adopt ASHP Adopt ASHP
heating
buildings
Today’s
electric
) Adopt ASHP Adopt ASHP
resistance
buildings
Heat pum ASHPs are 30% base; 40% mid; 30% .
pump . ) omi ° ASHPs are 100% high performance
performance high performance
Heat pump ASHPs sized to serve full heating ASHPs sized to serve full heating demand
sizing demand in 93-95% of hours in 99% of hours
. Current resistance . .
Building shell No shell . No shell All buildings receive a
) customers receive . .
improvements | Improvements . improvements shell improvement
shell improvements

The adoption of shell measures amongst current electric resistance customers switching to heat pumps
in the Current Trends Scenario with DSM could reduce the incremental annual load growth by 12% in
2050. The larger scale deployment of shell measures in the Best-in-Class with DSM scenario shows that
incremental annual load from electrification could be negative as the increase in new load severed by fuel
oil customers adopting heat pumps is lower than the efficiency savings from electric resistance customers
adopting heat pumps and shell improvements.
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Figure 8-1. Incremental annual building electrification load with DSM
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In the Current Trends with DSM scenario, the incremental buildings non-coincident peak load is expected
to reach approximately 1,088 MW by 2050, a 6% compared to the Pre-DSM scenario. In the Best-in-Class
with DSM, where all customers receive a shell improvement, DSM is expected to reduce peak impacts by
35% in 2050.
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Figure 8-2. Non-coincident peak of incremental building electrification loads with DSM
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9. Appendix: E3 BCA Tool Inputs and Assumptions

Inputs used for the transportation benefit-cost analysis in E3’s BCA Tool are detailed below.

9.1 Transportation

9.1.1 EV Adoption

EV adoption and stock estimates were developed in E3’s PATHWAYS stock rollover model.

LDV adoption forecasts were developed based on the assumption that 100% of LDV sales will be electric
by 2035. The base case of EV adoption follows a “slow sales ramp” scenario, which reaches 30% electric
LDV sales by 2030.

Figure 9-1. LDV stock by type, 2020-2050
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Transit bus adoption forecasts were developed based on the assumption that 100% of transit bus sales
are electric by 2030. This marks an accelerated transition to electrification compared to LDV given the
faster transition potential for transit busses that results from consistent routes and environmental and
health benefits.
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Figure 9-2. Transit bus stock, 2020-2050

2,000
£

3 1500
3
0
Y—
o

£ 1000
g
(=]
o
s}
[7s]

500

0

2020 2025 2030 2035 2040 2045 2050
HBEV H Diesel Gasoline

Parcel truck adoption forecasts were developed based on the assumption that over 90% of parcel truck
sales are electric by 2040.

Figure 9-3. Parcel truck stock, 2020-2050
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9.1.2 EV Purchase Incentives

There are several upfront purchase incentives that are included for LDV. A federal EV tax credit of $5,000
for BEVs and long-range PHEVs and $2,500 for short-range PHEVs was included. Funding for the federal
EV tax credit was guaranteed through March 31, 2022 at the time of the analysis and therefore, only 25%
of the federal tax credit was included for vehicles purchased in 2022 and no tax credit was modeled for
vehicles adopted starting in 2023. Tesla BEVs and PHEVs are not eligible for the federal tax credit. In 2020,
Tesla made up 54% of EV purchases; therefore, 54% of vehicles purchased in 2022 were assumed to not
be eligible for the federal tax credit. The federal tax credit was also averaged for the proportion of new
vehicle purchases estimated to be BEV or long-range PHEV and the proportion of new vehicle purchases
estimated to be short-range PHEVs.

In addition to the federal EV tax credit, a $3,000 provincial rebate was included for LDV purchased in all
years modeled.

There are no EV purchase incentives assumed to be available for transit buses or parcel trucks in all years
modeled.

9.1.3 EV O&M Savings

EVs generally have lower lifetime operating and maintenance (O&M) costs than an equivalent ICE vehicle.
A per mile O&M savings, determined separately for each vehicle class, is applied to the vehicle class
average lifetime Vehicle Miles Travelled (VMT).

9.1.4 Vehicle Fuel Price Forecasts

Vehicle fuel savings represent the avoided gasoline or diesel costs that would be incurred by an equivalent
ICE vehicle to satisfy an average lifetime VMT. To calculate avoided gasoline or diesel, a forecast of ICE
fuel economy for each vehicle type is used. LDV fuel economy projections are informed by NREL and
transit bus and parcel truck fuel economy estimates are based on estimates from UC Davis, the U.S. Energy
Information Administration (EIA), and the U.S National Household Travel Survey (NHTS). Gasoline and
diesel price forecasts from the Canada’s Energy Future 2018 report for Nova Scotia are used with fuel
economy projections to determine annual and lifetime vehicle fuel savings. Gasoline and diesel price
forecasts and given in Figure 9-4 below.
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Figure 9-4. Gasoline and diesel price forecast
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9.1.5 Marginal Electricity Supply Costs for EV Charging and Buildings

Electricity supply costs represent the costs that utilities must pay to provide the electricity used for EV
charging. There are four components that make up electricity supply costs: energy, capacity, distribution,
and transmission.

Energy supply costs reflect the cost for the utility to purchase electricity needed to serve EV charging in a
given hour. Costs of electricity are determined by the hourly short run marginal cost of energy. The
marginal cost of energy is forecasted through 2045. These were provided by Nova Scotia Power.

Annual capacity costs are from Nova Scotia Power and based on the cost of a combustion turbine. Annual
distribution and transmission supply costs are derived from Nova Scotia’s 2023-2025 Demand Side
Management Plan.®> Annual capacity, distribution, and transmission supply costs are allocated to hourly
costs using the Peak Capacity Allocation Factor (PCAF) method.®® The PCAF method allocates the annual
capacity, distribution, and transmission costs to the hours each year with the highest net load. These hours
with the highest net load reflect the times at which utility capacity and the distribution and transmission
systems are most likely to be constrained and require upgrades. Net load is calculated by netting out
imports, hydro, and wind production from gross Nova Scotia Power load. Nova Scotia Power load netted
of imports, hydro production, and wind production are forecasted through 2045. The top 500 highest net
load hours each year are used to calculate PCAF values, which are each top hour’s load as a percentage

85 2023-2025 Demand Side Management Plan: https://www.efficiencyone.ca/2023-2025-demand-side-management-plan/
86 The PCAF method was first developed by PG&E in their 1993 General Rate Case and have been used by California and many
other jurisdictions to allocate capacity, distribution, and transmission costs for planning purposes.
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over all top 500 hours’ load. Hourly capacity, distribution, and transmission costs are allocated by applying
PCAFs to annual costs.

9.1.6  Charging Infrastructure Costs

Current and future charging infrastructure cost assumptions were sourced from ICCT and are summarized
in Table 9-1. The analysis assumes that the charging infrastructure cost from the driver’s perspective only
includes the cost of home chargers and that 39% of drivers will have access to home L2 chargers, 35% will
have access to a home L1 charger, and 26% will have no home charging access. From the province’s
perspective, the charging infrastructure costs from the adoption of an LDVs also includes the cost of
workplace, public, and DCFC chargers to support those vehicles. To allocate the cost of those charger to
the adoption of a single vehicle, E3 assumes that there are 23 EVs on the road per workplace L2 charger,
33 vehicles per public L2 charger, and 54 vehicles per public DCFC charger. The charging infrastructure
cost for the adoption of an MDV vehicle is equivalent to that of a workplace L2 charger in Table 9-1 and
the infrastructure cost for a transit bus charger is equivalent to a DCFC charger for both the participant
and societal perspectives. When analyzing the cost and benefits of managed charging, E3 included an
incremental upfront cost of $130 CAD in 2022.

Table 9-1. Charging infrastructure costs (nominal CAD)

Charger 2022 2030

Home L1 SO SO
Home L2 $2,568 $2,358
Work L2 $7,465 $6,855
Public L2 $7,465 $6,855
DCFC $137,279 $126,060

9.1.7 Avoided Emissions

E3 calculated avoided emissions for the adoption of both electric vehicles and heat pumps as the avoided
emission from the reduction in fossil fuel combustion net of the marginal increase in electric sector
emissions. Hourly electric sector marginal emissions rates were provided by Nova Scotia Power through
2050 based on IRP modeling. Table 9-2 summarizes the emissions rates for avoided transportation fuels.

The Economics of Electrification in Nova Scotia 109





Appendix: E3 BCA Tool Inputs and Assumptions The Economics of Electrification in Nova Scotia: The Economics of Electrification
in Nova Scotia

Table 9-2. Emissions rates from transportation fuels (tonnes/liter)

Tonnes/Liter Gasoline Diesel

CO, 2.30x 103 2.91x 103
NO, 8.40 x 107 1.35x10°®
PM10 1.64 x 107 2.42 x 107
SO, 6.74 x 10° 1.20x 10®

Table 9-3 summarizes the emissions rates for avoided fuels used for space heating.

Table 9-3. Emissions rates for space heating fuels (tonnes/therm)

Tonnes/Therm Fuel Oil Natural Gas Wood
CO, 0.0074 0.0053 0

NOx 5.83x 10°® 3.89x 10°® 7.47 x 10°®
PM10 1.32x 107 6.20 x 107 453 x 10°®

9.2 Buildings

9.2.1 Heat Pump Capital Costs

E3 developed capital cost assumptions for heat pumps in collaboration with Nova Scotia Power. Based on
their experience supporting heat pump adoption, Nova Scotia Power reported that the typical cost of
installing a 2.5 ton best-in-class all-electric in a single-family home currently using fuel oil is $16,000 and
that the cost of installing a 1.5 ton mini-split in an equivalent home is $6,500. E3 generated capital cost
assumptions for other building segments based on the average heat pump sized for that segment in the
system load impact analysis and the cost per ton implied by Nova Scotia Power’s reported experience. E3
developed counterfactual system costs based on analysis conducted from data sources in New England
adjusted for prevailing labor rates in Nova Scotia.®” The analysis also supported E3’s assumptions
regarding the cost premium for a best-in-class heat pump compared to the average performance system.

87 Massachusetts D.P.U. 20-80. February 2020. “The Role of Gas Distribution Companies in Achieving the Commonwealth’s
Climate Goals: Independent Consultant Report. https://thefutureofgas.com/content/downloads/2.15.22%20-
%20DRAFT%20Independent%20Consultant%20Technical%20Report%20-
%20Part%201%20(Decarbonization%20Pathways).pdf
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Table 9-4. Appliance costs in 202258

Average Best-in-Class
Counterfactual _ .
Counterfactual System Cost Performance Performance Shell Mini-split
Fuel y Heat Pump Heat Pump Cost ($) Cost ($)
Cost ($) Cost ($)

Fuel QOil $7,940 $10,869 $16,000 $21,725 $6,500
Single- Natural Gas $4,394 $10,869 $14,400 $21,725 $6,500
family

Wood $5,111 $6,793 $11,200 $21,725 $6,500

Electric

Resistance $1,059 $6,793 $9,600 $21,725 N/A

Fuel Oil $6,307 $9,511 $12,800 $6,354 $6,500
Multi-family Natural Gas $2,644 $8,152 $12,800 $6,354 $6,500

Electric

Resistance $766 $6,793 $9,600 $6,354 N/A

Fuel QOil $10,385 $38,043 $56,000 $326,766 $17,333
Small
Commercial Natural Gas $4,509 $32,608 $49,600 $326,766 $15,167

Electric

Resistance $17,400 $14,945 $22,400 $326,766 N/A

9.2.2 Heat Pump Cost Declines

E3’s BCA models heat pump costs declining in the future to study the evolving economics of heat pump
adoption over time. E3 derived technology cost learning rates from heat pump cost projects from NREL's
Electrification Futures Study: End-Use Electric Technology Cost and Performance Projections through
2050.% The learning rates for air source heat pumps and heat pump water heaters are summarized in
Table 9-5. E3 applied these learning rates to the equipment portion of their 2022 capital cost estimates.
The labor portion of the heat pump capital cost is assumed to remain constant in real dollars. It is also
assumed that the cost of counterfactual electric resistance or fossil fuel heating system remains constant
in real dollars.

88 The heat pump sizing varies based on the empirical estimates of average heating demand by home type. While electric
resistance customers were assumed to have smaller heat pump (0.5 tons), existing fossil customers were assumed to adopt
heat pumps between 1.5-2.5 tons, depending on the particular scenario design. We note that for the load shape analysis,
mini-splits were sized up to create a more “apples-to-apples” comparison with all-electric systems, but for the CBA analysis,
mini-splits are sized and costed smaller than all-electric systems (as reflected above).

89 Jadun, Paige, Colin McMillan, Daniel Steinberg, Matteo Muratori, Laura Vimmerstedt, and Trieu Mai. 2017. Electrification
Futures Study: End-Use Electric Technology Cost and Performance Projections through 2050. Golden, CO: National
Renewable Energy Laboratory. NREL/TP-6A20-70485. https://www.nrel.gov/docs/fy180osti/70485.pdf.
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Table 9-5 Heat pump equipment cost learning curves

End use Time period Moderate (Real %/year) Rapid (Real %/year)
Space heating 2020-2030 -0.85% -1.47%

2030-2040 -0.93% -1.47%

2040-2050 -1.03% -1.73%
Water heating 2020-2030 -1.99% -3.97%

2030-2040 -2.03% -0.95%

2040-2050 -0.95% -1.05%

9.2.3 Fuel Price Forecasts

Wood pellet costs were sourced from Massachusetts Department of Energy Resources and are estimated
to cost $2.63/therm (CAD) in 2021.°° The model assumes that the cost for pellets reported in Spring 2021
by the MA DER will remain constant in real dollar terms into the future.

E3 identified four sources reporting residential retail fuel oil prices in Nova Scotia in fall of 2022 including
Scotia Fuels (as of October 2022)%! and Statistics Canada (October 2022).%> The average retail fuel oil
prices was $5.56/therm. The forecasted trend from U.S. Energy Information Agency’s Annual Energy
Outlook 2022 (AEO) distillate fuel oil price forecast for the New England region was applied to the
benchmarked price of $5.56/therm to develop a forecast of future fuel oil prices.

90 https://www.mass.gov/info-details/massachusetts-home-heating-fuels-prices#modern-wood-heating-prices-

91 https://www.scotiafuels.com/

92 Statistics Canada, Monthly average retail prices for gasoline and fuel oil, by geography,
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1810000101&pickMembers%5B0%5D=2.7&cubeTimeFrame.startM
onth=06&cubeTimeFrame.startYear=20228&cubeTimeFrame.endMonth=12&cubeTimeFrame.endYear=2022&referencePerio
ds=20220601%2C20221201
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Figure 9-5. Residential fuel oil price forecast
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E3 estimated the delivery component of the retail fuel oil price to be $1.07/therm for residential
customers and $1.30/therm for commercial customers in 2022. E3 estimated the delivery component
based on the rate structure Scotia Fuels reports their competitors use and the difference in retail and
wholesale prices reported in New England by the U.S. Energy Information Agency. E3 assumed the delivery
component of the retail fuel oil price will remain constant in real dollar terms in the future. E3 subtracted
the delivery cost from the retail fuel oil price forecast to determine a wholesale fuel oil supply cost.

E3 modeled natural gas rates paid by customers as having two main components: delivery charges and
commodity charges. E3 used public Heritage Gas rate sheets to estimate current commodity and delivery
rates for residential and commercial customers. The historical growth rate in the delivery charges found
in rate sheets dating from August 2018 to December 2021 was applied to the current Heritage Gas delivery
rates to develop a delivery price forecast. AEQ’s natural gas commodity price forecast for New England
was applied to Heritage Gas’s current commodity charges to develop a commodity price forecast for Nova
Scotia.
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Figure 9-6. Natural gas delivery costs
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Figure 9-7. Natural gas commodity costs
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10. Appendix: Additional BCA Results

10.1 Transportation BCA Results for 2030

10.1.1 Light-duty Vehicles

Cost-benefit breakdowns are also shown for EVs adopted in 2030. Figure 10-1. shows cost-benefit analysis
results for an EV adopted in 2030 with unmanaged charging.

Figure 10-1. NPV cost-benefit analysis for LDV adopted in 2030 with unmanaged charging
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Drivers see even larger savings for an EV adopted in 2030, primarily due to lower incremental upfront
costs that result from reductions in upfront EV purchase prices over time. Rebates are assumed to remain
available through 2030.
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Figure 10-2. NPV cost-benefit analysis for LDV adopted in 2030 with managed charging
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Similar to 2022, drivers who adopt an EV in 2030 achieve bill savings from managing charging with VGI
although savings are muted by time-varying rates only being in winter months.

10.2 Additional Buildings BCA Results for 2022 (Residential Water Heating)

10.2.1 Residential Water Heating

Electrification of water heating presents net economic benefits to participants, ratepayers, and Nova
Scotia. Figure 10-3 shows the results of the cost-benefit test for the adoption of a heat pump water heater
(HPWH) in 2022 for a residential customer currently using fuel oil. The net lifetime benefits for the
customer are approximately $7,700, which is driven by large, avoided fuel bills that outweigh the
incremental cost of the heat pump and incremental electricity bills. For the ratepayer, the electrification
of water heating has net benefits as the cost for NS Power to serve the new load is less than the increase
in revenue. Thus, the electrification of water heating puts downward pressure on rates. The net lifetime
benefits of HPWH adoption present societal benefits are more than $9,000 which is driven by avoided fuel
oil supply costs.
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Figure 10-3. Costs and benefits of residential HPWH adoption in 2022 amongst current fuel oil
customers®?
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93 Assumes customers are on a flat rate.
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Figure 10-4. Costs and benefits of residential HPWH adoption in 2022 amongst current electric
resistance customers®*
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94 Assumes customers are on a flat rate.
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Subject: IRP Update: Electrification Strategy Report & Wind Integration Study

Hello everyone,

As part of the ongoing IRP Action Plan & Roadmap items, NS Power committed to the following
deliverables:

e Action Plan Item 2a: Electrification Strategy - Publish Electrification Strategy report, developed
as part of the IRP Action Plan, in 2023 with opportunity for stakeholder review and comment.

e Roadmap Item 1: Wind Integration Studies - Publish the results of the ongoing wind
integration studies in 2023. Provide guidance on integration asset requirements as an
outcome in alignment with the planned variable renewable capacity additions. Continue to
monitor results for significant divergence from wind integration assumptions modeled in the
evergreen IRP and trigger an update as needed.

The Company is pleased to inform you that both the Electrification Strategy Report and the Wind
Integration Study have been completed and are available for your review and the following links:

e Document Library = IRP Action Plan Updates: IRP Action Plan Updates - NSP Integrated
Resource Planning (nspower.ca
o Wind Integration Study: Wind-Integration-Study-Large-Scale-Integration-of-IBR-in-
Nova-Scotia-Public.pdf (nspower.ca)

o Electrification Strategy Report: The Economics of Electrification in Nova Scotia

(nspower.ca)


https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Firp.nspower.ca%2Fdocuments%2Faction-plan-updates%2F&data=05%7C01%7CJocelyn.Isnor%40novascotia.ca%7C273db7819b544e57aaa908dbf81f36bf%7C8eb23313ce754345a56a297a2412b4db%7C0%7C0%7C638376586357836111%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=X05g3zg6BUrxoY%2B1Q5Wse05SJnuaf4cZOXqIR6%2FZqlY%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Firp.nspower.ca%2Fdocuments%2Faction-plan-updates%2F&data=05%7C01%7CJocelyn.Isnor%40novascotia.ca%7C273db7819b544e57aaa908dbf81f36bf%7C8eb23313ce754345a56a297a2412b4db%7C0%7C0%7C638376586357836111%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=X05g3zg6BUrxoY%2B1Q5Wse05SJnuaf4cZOXqIR6%2FZqlY%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Firp.nspower.ca%2Ffiles%2Fkey-documents%2Faction-plan-updates%2FWind-Integration-Study-Large-Scale-Integration-of-IBR-in-Nova-Scotia-Public.pdf&data=05%7C01%7CJocelyn.Isnor%40novascotia.ca%7C273db7819b544e57aaa908dbf81f36bf%7C8eb23313ce754345a56a297a2412b4db%7C0%7C0%7C638376586357836111%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=vemgCK4edUacgo%2B6km%2BwwU%2Fa6K9wAq%2Fti8G%2BLzjp6hU%3D&reserved=0
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NS Power proposes a stakeholder workshop to discuss stakeholder questions in January 2024. Firm
dates will be further proposed in the New Year.

We look forward to speaking and engaging with you on these important IRP topics in the near
future.

Thank you,
Mark

Mark Peachey, LL.B. | Manager, Capital Filings | Nova Scotia Power
T:902-428-6389

C:902-220-4984
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