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EXECUTIVE SUMMARY

In January 2026, Manitoba Hydro published its 2025 Integrated Resource Plan (IRP). By
Order In Council 12/2026, the IRP was referred to the Manitoba Public Utilities Board
(PUB, or Board) for its review and recommendations. The IRP provides Manitoba Hydro’s
Recommended Development Plan for the next 10 years, through 2035, and insight

regarding long-term planning priorities and challenges through 2050.

Daymark Energy Advisors (Daymark) was retained by the PUB to serve as Independent
Expert Consultant (IEC) in early 2025, with a scope of work consisting of twelve specific
items related to the IRP (see Section 1.1). The PUB retained Daymark prior to the
completion of the IRP, such that our investigation and recommendations could be

considered by Manitoba Hydro as it completed the analysis and IRP report.

In broad terms, Daymark’s scope entails a detailed and comprehensive review of
Manitoba Hydro’s IRP process, including assumptions, analytical approach, modelling
tools and process, conclusions, and planned next steps. Throughout 2025 and early
2026, Daymark has been engaged in frequent discussions with Manitoba Hydro to
review and discuss the underlaying data assumptions, models, and results of the IRP

process.

This report provides our observations and conclusions based on our extensive
discussions with Manitoba Hydro, review of documentation, data, and analysis provided
directly to Daymark by Manitoba Hydro, and ultimately our review of the final IRP and
accompanying appendices and data. Key conclusions and themes of the report are
highlighted below.

Planning context and objectives

Manitoba Hydro conducted its IRP in the context of multiple significant planning
challenges. Key policies, mandates, and regulations, such as the federal Clean Electricity
Regulations and the Manitoba Affordable Energy Plan, create boundaries that impact
the planning process. Of particular note, the Government of Manitoba’s 2023 Mandate
Letter to the Manitoba Hydro-Electric Board requires Manitoba Hydro to develop a plan
that will “align Manitoba Hydro with our government’s clean energy targets of a net-zero

energy grid by 2035 and a roadmap to a carbon-neutral economy by 2050.”*

1 Manitoba Hydro Mandate Letter, p. 2.
https://manitoba.ca/asset library/en/executivecouncil/mandate/hydro mandate letter 2023.pdf
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In addition to policy drivers, expected grid conditions define the planning need
addressed in the IRP. Near-term load growth and the loss of capacity resources due to
the expiration of multiple import contracts results in a need for new capacity resources

by the end of 2030, and dependable energy soon thereafter.

In the consideration of these planning conditions, Manitoba Hydro conducted its IRP to
focus primarily on a 10-year development plan through 2035, while also evaluating
scenarios and resource needs out to 2050. This is an appropriate priority for the current
IRP, and Manitoba Hydro’s analysis indicates that resources pursued in the
Recommended Development Plan are not expected to conflict with longer-term
priorities. However, Daymark notes that the analytical methodology for longer-term
resource planning requires important improvements to adequately evaluate future

portfolio decisions.

Analytical methods and key assumptions

There are multiple discrete and interrelated analyses presented in the IRP and evaluated
by Daymark including the development of the load growth scenarios (including the 2024
Electric Load and Natural Gas Volume Forecasts and multiple alternative load
projections), demand-side management resources and expected savings, capacity
expansion modelling to identify optimal resource portfolios, and financial and risk
analyses. These analyses rely on a myriad of input assumptions, such as detailed cost
and operational characteristics of supply-side and demand-side resources, hydrological

inflow conditions, and external market conditions.

In general, Manitoba Hydro used reasonable analytical processes that reflect many best
practices in IRP. The analysis evaluated multiple future load scenarios, performed
detailed integration of demand-side management programming from Efficiency
Manitoba, and used industry-standard capacity expansion modelling tools and methods.
The analysis considered a wide range of supply-side and demand-side resource options
and largely employed reasonable assumptions to represent those resources in the

models.

As detailed throughout this report, Daymark has several observations and
recommendations regarding specific elements of the analytical methods and
assumptions. The majority of these are not likely to significantly impact the ultimate
conclusions of the IRP and the types of resources selected in the Recommended
Development Plan. These items should be considered suggestions for future

improvement as Manitoba Hydro prepares for its next IRP. A smaller number of our

Independent Expert Consultant Report: Manitoba Hydro’s 2025 Integrated Resource Plan 11
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methodological concerns are more significant, such as the development and use of the
high load projection, the concerns regarding CT capital costs, and the minimal
consideration of import capacity resources. These items are discussed in the “Core

Conclusions” section below.

Process to get to Recommended Development Plan
Using the set of assumptions, data, and modelling tools, Manitoba Hydro conducted a

multi-step analytical process. In this process, Manitoba Hydro:

e Considered multiple load growth scenarios to identify the need for capacity
and energy;

e Conducted scenario and sensitivity analysis using the capacity expansion
model to provide insight on feasible resource options under a range of
future conditions;

e Performed least-regrets anlysis to consider risks associated with certain
build-out levels and resource types;

e Developed candidate portfolios and evaluated them across multiple
guantitative and qualitative dimensions; and

e Conducted additional financial and risk analysis of a short list of potential
portfolios to identify the Recommended Development Plan and Alternative
Development Plan.

Ultimately, given the immediacy of expected capacity and energy needs, Manitoba
Hydro had relatively few resource options to consider when constructing the potential
development plans. Daymark observes that certain modifications to modelling
assumptions could have enlarged the pool of feasible resource options early in the study
period (most notably battery storage), and that the analysis did not fully consider the

import capacity as an option to meet capacity needs and mitigate risk.

Daymark observes that the multiple analytical steps listed above were each thoughtfully
designed, but we are concerned that the interactions between these analyses may have
inadvertently biased the results toward a higher-end build-out target, as discussed
below. Lastly, we note that the high degree of complexity of the analysis and the
transitions between phases can be difficult to discern from the IRP documentation,

which may hinder effective engagement by stakeholders and the Board.

Identification of planned near-term actions and key risks
The IRP results in a set of near-term actions to: (1) implement the Recommended

Development Plan and (2) prepare for the next IRP. Regarding the actions required to

Independent Expert Consultant Report: Manitoba Hydro’s 2025 Integrated Resource Plan
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implement the Recommended Development Plan, in general the required actions
appear achievable on the required timeline when considered individually. However, the
plan requires simultaneous execution of multiple major efforts in the next five years,
including procurements for Indigenous majority-owned wind, construction of new
natural gas combustion turbines, energy efficiency and demand response plan

implementation, and upgrades to hydropower facilities.

Manitoba Hydro will need to track progress of these efforts closely and monitor load
growth conditions, to assess whether capacity shortages may occur. In addition,
execution of the Recommended Development Plan will require close coordination of

multiple entities other than Manitoba Hydro, which introduces certain risks.

Finally, while the near-term actions for implementation of the Recommended
Development Plan focus on the resources selected, we note that the capacity expansion
results for all plans show the potential for capacity shortfalls over the next few years
before any plan resources come online, requiring mitigation efforts beyond simply

executing on the Recommended Development Plan.

Core Conclusions

Daymark conducted an in-depth review of all components and phases of Manitoba
Hydro’s IRP development process, and this report contains numerous observations,
conclusions and recommendations throughout the various sections. Presented below

are several core conclusions relevant across multiple topic areas.

1. In general, Manitoba Hydro used a reasonable process to develop the
2025 IRP, in terms of the objectives, analytical approach, methodology,
modelling tools, and assumptions. The final product includes all the
typical elements of an IRP, and Manitoba Hydro provided extensive
supporting documentation. In many ways, Manitoba Hydro’s IRP
exceeds typical utility best-practices for IRP in terms of the detail
provided and the robustness of the analysis.

2. The Recommended Development Plan includes resource additions to
meet a capacity build-out target that exceeds the capacity needed to
meet Manitoba Hydro’s current load forecast. The planning for
additional capacity is primarily due to its goal to minimize the risk of
capacity shortages in the event that load grows faster than currently
forecasted. This is a reasonable risk to incorporate in a planning target,
especially given the mandate from the province. However, Daymark’s
conclusion is that the structure of certain elements of the analysis (most
notably the development of the high load projection) and the

Independent Expert Consu
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interaction of some components (such as the least-regrets analysis) may
have led Manitoba Hydro to favour plans with higher levels of capacity
addition than may be necessary to balance the sometimes competing
objectives of affordability and policy support. In addition, Manitoba
Hydro may not have fully considered feasible options to mitigate the risk
of capacity shortfalls, specifically import capacity purchases that could
temporarily defer addition of incremental capacity during a period of
significant load growth uncertainty.

Manitoba Hydro developed the IRP to balance dual objectives of
affordability and reliability, and the totality of the analysis suggests that
the Recommended Development Plan likely skews towards a higher
level of capacity build, to the detriment of affordability, in order to
improve reliability outcomes in a load growth scenario that is unlikely to
develop in the near term.

3. While the IRP is primarily focused on the near-term challenges
addressed in the 10-year planning period, the analysis also
demonstrates that Manitoba Hydro has significant long-term resource
needs, and will face challenges in preparing the grid for a net-zero
economy by 2050. The results of the IRP analysis did not provide clear
and consistent guidance regarding the optimal components of a long-
term resource portfolio, and Manitoba Hydro acknowledged some
shortcomings with the modelling tools and methodology that reduce
confidence in long-term results.

The results of the IRP indicate that the long-term portfolio is likely to
require emerging technologies (including hydrogen, nuclear small
modular reactors, and carbon capture and sequestration) and long lead-
time resources such as new hydropower. Manitoba Hydro should
endeavor to improve the methodology as soon as possible so that it has
sufficient time to plan for deployment of these resources.

4. The IRP provides a very strong procedural and analytical foundation for
future IRPs. While this report identifies multiple concerns with certain
elements of the analysis and specific assumptions, we acknowledge the
diligent effort Manitoba Hydro put into developing its IRP, as well as the
deep expertise of its internal experts. Further refinement of
assumptions and processes in response to our suggestions may improve
an already strong methodology. In addition, future improvements to the
methodology could streamline the analysis to allow for more frequent
updates. This will be beneficial given the impending capacity need date
and certain risks regarding the timelines of planned resources.
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1 INTRODUCTION

Daymark was retained by the Manitoba PUB to act as Independent Expert Consultant
and provide a detailed and comprehensive evaluation of Manitoba Hydro’s 2025 IRP.
Daymark has supported the Board in multiple prior proceedings over the past 15 years,
providing advice, expertise, and IEC services across a range of technical areas, including
system operations, resource planning, economic cost-benefit analysis, load forecast
evaluation, power market analysis and pricing, power contract review, and energy
efficiency program planning and evaluation. Most recently, Daymark served as IEC
during Manitoba Hydro’s 2023/24 and 2024/25 General Rate Application.

In this engagement, Daymark applied its experience with integrated resource planning to
review Manitoba Hydro’s IRP approach, processes, assumptions, and results. Since early
2025, Daymark has been engaged in efforts to receive, review, and discuss the
underlying data assumptions, models, and results with Manitoba Hydro staff.

This report summarizes the results of our review and analysis, and provides our
observations, conclusions, and recommendations, specifically targeted to address the

items included in our scope of work.

1.1 Scope of Work

The scope of work for our investigation as IEC was established prior to engagement and
has governed Daymark’s approach to this work. The full scope of work is attached to this

report as Appendix A, and includes the following items of review:

1. Are Manitoba Hydro’s planning objectives appropriate, unbiased, and
reflect industry best practices, both in terms of which objectives are
included and how those objectives are weighted?

2. Review and comment on Manitoba Hydro’s estimates of demand for
domestic electrical energy and power, as well as natural gas, Manitoba
Hydro’s existing export obligations and any alternative demand
scenarios. ldentify the most important parameters and variables in the
estimates. Comment on the appropriateness of any baseline
assumptions made by Manitoba Hydro and its natural gas subsidiary, as
well as the appropriateness of any planned contingencies.

3. Review and comment on the increases and decreases in the demand for
electrical energy and power and natural gas that arise from switching
from one fuel to the other.
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4. Are the supply-side and demand-side resource options to meet the
anticipated demand for electrical energy and power evaluated
objectively, including fuel switching between natural gas and electricity
and incorporating low-carbon gases. Is the list of resource options
sufficiently expansive, or should other options be considered as well?

5. To the extent that power purchase agreements are a part of the IRP, are
the estimated prices for energy and capacity expected under such
agreements reasonable and appropriate and does the proposed
procurement process follow best practices? If executed power purchase
agreements are submitted to the IEC for review, comment on the
process followed by Manitoba Hydro to competitively determine or
negotiate the terms and conditions, including prices, and whether the
process followed is expected to provide optimal pricing for this supply.

6. Are new rate structures, such as inclining block rates, time of use rates,
etc., objectively evaluated and considered in identifying the
recommended development plan?

7. Review and comment on resources proposed by Manitoba Hydro to
meet the demand for electrical energy and power, including determining
the most cost-effective resource mix to meet those needs,

a. inthe absence of policy constraints (i.e., a least-cost approach);

b. considering existing and anticipated legislative and policy
constraints; and

c. considering the impacts of fuel switching between electricity
and natural gas, as well as any technical or policy constraints
affecting the use of natural gas. Please comment separately on
baseline resources selected by Manitoba Hydro and any
contingency scenarios that would result in additional energy or
power resources above the baseline resources projected under
the plan.

8. Does the IRP adequately utilize Efficiency Manitoba’s expertise to
support the IRP, through initiatives such as:

a. reducing the demand for electrical power;

b. increasing the demand-side initiatives designed to reduce the
demand for electrical energy or natural gas; or

c. electrification through fuel switching from natural gas to
electricity.

9. Does the IRP appropriately incorporate required transmission and
distribution investments?
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10. Are the timelines for implementing or commissioning the proposed
resource options realistic? Are there upcoming key milestone dates to
implement such projects?

11. If Manitoba Hydro includes estimates of the rate and bill impacts in the
IRP, review and comment on whether a different resource mix could
result in lower rate and bill impacts.

12. Does the IRP follow:

a. best practices for such plans as developed in other jurisdictions;
and

b. the requirements set out in subsections 38.1(1) and (2) of The
Manitoba Hydro Act?

1.2 Manitoba Hydro IRP Overview

Manitoba Hydro employed a detailed, multi-phase process to develop the IRP. Prior to
initiating modelling or analysis, Manitoba Hydro developed highly detailed input
assumptions, including load projections, energy efficiency and demand response
forecasts, supply-side resource characteristics, weather and hydrology data, and many

others. These inputs form the foundation of the modelling and analysis.

The IRP analysis itself consists of several sequential steps to analyze the range of options
available to meet near-term and long-term resource needs, produce potential
development plans, and evaluate the plans on a range of risk and financial metrics.
Manitoba Hydro provided the following flow diagram to depict the modelling and

evaluation process.

Independent Expert Consultant Report: Manitoba Hydro’s 2025 Integrated Resource Plan
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Figure 1. Manitoba Hydro’s Flow Diagram for Modelling and Evaluation?

The 2025 IRP represents Manitoba Hydro’s second IRP, following the 2023 IRP, and
represents a significant expansion in objectives and analysis. The 2023 IRP included
significant scenario and sensitivity analysis similar to that conducted in the 2025 IRP.
However, the 2023 IRP did not continue to the subsequent phases, including preparing
multiple potential development plans, financial and risk analysis, and identifying a
recommended plan. The 2025 IRP enhanced multiple aspects of the methodology and

added significant new steps.

1.3 Daymark Approach

Daymark’s execution of the scope of work occurred in three primary phases, as follows:

e Phase 1: Initialization
e Phase 2: Preliminary review
e Phase 3: Portfolio review

The specific activities in each section were driven primarily by the timing of data and
information delivery by Manitoba Hydro and the scope of the information provided. The

timing and principal efforts of each phase are discussed below.

1.3.1 Phase 1: Initialization
This phase, which began with the finalization of the engagement contract scope of work
in March 2025 and ended in early June 2025, was focused on gaining an understanding

of where Manitoba Hydro was in its IRP process and establishing access to all data,

2 RP, p. 44.
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analysis, and reports available at the time. During this phase, Daymark travelled to
Winnipeg to attend a Technical Advisory Committee (TAC) meeting and met with

Manitoba Hydro personnel to get an initial overview of the IRP process.

1.3.2 Phase 2: Preliminary Review

This phase began in June 2025 and ended in early December 2025. This phase involved
review and analysis of the major components of Manitoba Hydro’s scenario and
sensitivity analysis, as well as considerable time with Manitoba Hydro experts who
provided overviews of each element of their analysis, answered questions during

technical sessions, and provided additional information as requested by Daymark.
Principal areas investigated were:

e Planning objectives and policy landscape

e Load forecasting

e Energy efficiency and demand-side management forecasting
e Supply-side resource options

e Capacity expansion and production cost modelling analysis

e Transmission and distribution analysis and reports

1.3.3 Phase 3: Development Plan Review

This phase began with the TAC presentation on the 9th of December 2025, which
Daymark attended. Early activities during this phase included an evaluation of materials
related to the construction and testing of the potential development plans. This included
the review of substantial new modelling data provided by Manitoba Hydro related to the
least-regrets analysis, potential development plans, risk and financial analyses and
selection of the Recommended and Alternative Development Plans. This phase also

included review of the final IRP, appendices, and supporting data.

1.3.4 Discussion

Throughout Daymark’s engagement as IEC, we have worked closely with Manitoba
Hydro to identify data needs, conduct technical sessions with Manitoba Hydro
personnel, and provide feedback and observations. Manitoba Hydro, in turn, has
provided full access to requested data and personnel, and has provided detailed

responses to many questions from Daymark’s team.
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This organization allowed us to not only deliver the required end work product, including
this report, but also to deliver the requested value throughout the process, including
working with Manitoba Hydro to “provide Manitoba Hydro with an opportunity to take
into consideration professional recommendations of the IEC and incorporate them in the

finalized plan if appropriate.”?

1.4 Organization of Report

The remainder of this report discusses Daymark’s review of Manitoba Hydro’s planning
processes, assumptions, analyses, and results contributing to the IRP. For clarity, we have
organized the sections of the report to align with the items of Daymark’s scope of work.
Some sections cover more than one scope item to streamline presentation of our
conclusions, and scope items are not always presented sequentially, with the intention

of presenting concepts in a logical order.

Just as an IRP has many linkages and cross-references throughout its analysis and report,
this report similarly includes many references to other portions of the document. We
have tried to order the report to provide as much clarity as possible for those reading
from beginning to end, but have also referenced material throughout the report that
relies on analysis, observations, or conclusions from other sections to assist the reader

in navigating this report.

3 Daymark Scope of Work, attached as Appendix A, p. 1.
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2 IRP PLANNING OBJECTIVES

An IRP includes many components, significant volumes of data and information, and
many discrete analyses that work together to accomplish the objectives and provide
planning insight. None of these elements have a single right way to formulate or activate
them; the selection of data or methodology should be tailored to the objectives of the
IRP. As such, it is appropriate that our first scope of work item considers the IRP planning
objectives.

2.1 Scope Items

This section primarily addresses scope item #1.

Scope item #1

Are Manitoba Hydro’s planning objectives appropriate, unbiased, and reflect
industry best practices, both in terms of which objectives are included and how
those objectives are weighted?

2.2 Articulated Objectives

The IRP identifies Manitoba Hydro’s planning objectives and offers a brief discussion of
relevant factors considered in defining those objectives.* Objectives specifically

identified by Manitoba Hydro include:
1. Provide safe, reliable and cost-effective energy delivery across the
province

2. Arrive at a recommended development plan to identify the supply-side
and demand-side resources to develop for an expected 2030 need

3. Focus the development plan on a 10-year timeframe

4. Study the implications of specific policies, mandates, and regulations,
including meeting a 2035 net-zero grid target and supporting a 2050 net-
zero economy

5. Consideration of other governmental policies, including Manitoba’s
Affordable Energy Plan.

2.3 Policy Landscape

As articulated in Appendix 4 of its IRP, Manitoba Hydro is planning within a policy
context that is complex and evolving. The IRP is mandated by the Manitoba Hydro Act,

4 IRP, pp. 26-28.
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Section 38.1.° Beyond the requirement to produce an IRP, Manitoba Hydro is also

operating within several important policies or other provincial and federal guidance. Key

documents that Daymark considered in its review include:

Government of Manitoba’s 2023 Mandate Letter to the Manitoba Hydro-
Electric Board®

Manitoba’s Affordable Energy Plan (AEP)’
Canada’s federal Clean Electricity Regulations®

The Efficiency Manitoba Act mandate®

Key policies such as these should be reflected in the planning objectives of an IRP. In

addition, when conducting an IRP, policies such as these that establish incentives,

requirements, or restrictions on certain types of energy resources or system operation

are typically reflected as constraints in the modelling process. These constraints can

have a significant impact on the analysis results and resource portfolio

recommendations.

2.4 Discussion

Daymark reviewed the objectives of the IRP to assess whether they were reasonable and

appropriate. In addition, we identified any missing objectives that we would consider

part of best practices. In considering this, we factored in the following:

Best practices for utilities performing IRP analysis;
The short-term capacity need facing Manitoba Hydro;

Unique system-specific implications (e.g., dependable energy requirements,
hydroelectric system, availability of imports/exports); and

The high degree of uncertainty related to how policies will impact future
electric load, as reflected in Manitoba Hydro’s range of load projections.

5 Manitoba Hydro Act, Section 38.1. Integrated Resource Plan.
https://web2.gov.mb.ca/laws/statutes/ccsm/h190.php?lang=en#38.1

6 Manitoba Hydro Mandate Letter.
https://manitoba.ca/asset library/en/executivecouncil/mandate/hydro _mandate letter 2023.pdf

7 Manitoba’s Affordable Energy Plan.
https://www.manitoba.ca/asset library/en/energyplan/mb-affordable-energy-plan.pdf

8 Pollution and Waste Management, Clean Electricity Regulations.
https://pollution-waste.canada.ca/environmental-protection-registry/regulations/view?1d=2181

9 The Efficiency Manitoba Act. https://web2.gov.mb.ca/bills/41-2/b019e.php
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In general, we agree with Manitoba Hydro’s selection of articulated planning objectives.
The core principles of safety, reliability, and affordability are common foundations for
utility IRPs. Another fundamental goal often seen in other IRPs is risk-minimization.
Given the high degree of policy- and market-driven uncertainty influencing Manitoba’s
electric future, effectively identifying the range of risks and ensuring that a development
plan provides sufficient optionality is important. While Manitoba Hydro did not
specifically list risk-minimization as a planning objective, the analysis conducted in the

IRP considers risk in multiple ways.

Another unstated objective that is evident in the work performed by Manitoba Hydro’s
IRP team is the establishment of a repeatable process. Planning in general, and IRPs
specifically, are an ongoing activity. Being able to iterate in a manner that ensures quality
and consistent treatment of core analytical elements while providing opportunity to
enhance the process is key to the long-term objective of continuous improvement in

meeting the energy needs of the province.

All of these objectives were clearly top of mind for all Manitoba Hydro personnel with

whom we interacted, suggesting a strong management of the process.

Independent Expert Consultant Report: Manitoba Hydro’s 2025 Integrated Resource Plan
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3 DEMAND-SIDE MANAGEMENT RESOURCES

In its 2023 IRP, Manitoba Hydro supported the need for “coordinated governance
between Manitoba, Manitoba Hydro and Efficiency Manitoba with the Public Utilities
Board to provide policy advice to government.” Consistent with that observation, the
IRP incorporates demand-side management (DSM) by starting with the integration of
Efficiency Manitoba’s three-year plan and extrapolating based on adherence to the

minimum average annual targets of the Efficiency Manitoba Act.!

In addition to the baseline amount of energy efficiency assumed in the IRP each year,
Manitoba Hydro, in collaboration with Efficiency Manitoba, uses the Efficiency Manitoba
Demand Side Management Market Potential Study (DSM MPS) conducted by Dunsky
Energy + Climate Advisors to estimate additional energy efficiency that could be
modelled alongside generating resources during capacity expansion analysis.'? These
selectable resources are treated similarly with supply-side resource options. Rather than
a pre-described load reduction, selectable resources are considered as optional

resources that are included in a resource portfolio when economical.

Manitoba Hydro’s use of energy efficiency, demand response (DR), and curtailable rate
programs in its planning process will be referred to collectively as “demand-side
management” or DSM. The IRP incorporates DSM through a multi-step process.

3.1 Scope ltem

This section addresses scope item #8.

Scope item #8

Does the IRP adequately utilize Efficiency Manitoba’s expertise to support the
IRP, through initiatives such as

e reducing the demand for electrical power;

e increasing the demand-side initiatives designed to reduce the demand for
electrical energy or natural gas; or

e electrification through fuel switching from natural gas to electricity.

10 2023 Integrated Resource Plan. Letter from the CEO. Retrieved from
https://www.hydro.mb.ca/docs/corporate/irp/irp-2023-report-ceo-message.pdf

11 The Efficiency Manitoba Act C.C.S.M. c. E15.

12 Dunsky Energy + Climate Advisors. 2022. Efficiency Manitoba Demand Side Management Market
Potential Study. (Dunsky DSM MPS, 2022)
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3.2 Approach to DSM Integration

The IRP includes distinct methods to incorporate DSM into the planning process. First,
Manitoba Hydro includes energy efficiency from the Efficiency Manitoba Energy
Efficiency Plan in the base load forecast. This base energy efficiency (referred to as
Efficiency Plan Projection) is an extension of Efficiency Manitoba’s three-year plan?3
through the full IRP modelling period. The projection assumes Efficiency Manitoba
achieves its annual savings target of 1.5% of electric and 0.75% of natural gas sales,
including a “catch up” for prior years when the 1.5% target was not achieved. The
Efficiency Plan Projection is treated as a reduction to the Manitoba Load Projections

used in the IRP analysis, as discussed in Section 4.8 below.

The second method (referred to as Selectable Energy Efficiency) is the consideration of
optional energy efficiency programs that are economically evaluated along with supply-
side resource options as part of the optimized capacity expansion analysis. The

Selectable Energy Efficiency is derived from the DSM MPS Maximized case, as discussed

in Section 3.4.

Finally, demand response resources are incorporated, including the continuation of
existing curtailment programs and the addition of demand response as identified in the
Dunsky Energy + Climate Advisors Demand Response Market Potential Study (DR MPS).1
These include Wi-Fi smart thermostats, electric vehicle (EV) smart charger control,
dynamic rates such as time-of-use rates, etc.’®> These additional programs are

aggregately treated as demand response.

In the Recommended Development Plan, the Efficiency Plan Projection represents
approximately 450 MW of capacity savings by 2035 while Selectable Energy Efficiency
represents approximately 100 MW of capacity savings. The 550 MW of capacity through
energy efficiency represents over 30% of the accredited resources capacity to be added
to the system in the preferred plan.'® When combined with demand response and
curtailable rate solutions (310 MW), DSM solutions are approximately 860 MW and
represent approximately 50% of the total development plan through 2035.%7

13 Manitoba Hydro 2025 Integrated Resource Plan (IRP), Appendix 4: Section 2.4, p. 5.

14 Dunsky Energy + Climate Advisors. 2026. Manitoba Hydro Demand Response Market Potential Study.
(Dunsky DR MPS, 2026)

15 IRP, Appendix 7.2: Section 3.4.3, p. 70.
16 |RP, Section 6.1.1, p. 36.
17 IRP, Appendix 7.2: Section 3.4.3, p. 70.

Independent Expert Consultant Report: Manitoba Hydro’s 2025 Integrated Resource Plan 25



DAYMARK

ENERGY ADVISORS
APRIL 24, 2026

3.3 Efficiency Plan Projection

The Efficiency Plan Projection is based on Efficiency Manitoba’s expectation that it will
reach its legislatively mandated targets, inclusive of catch-up amounts, and remain on
target for the duration of the planning period. Efficiency Manitoba is responsible for
developing and implementing energy efficiency and demand reduction programs that
reduce the annual consumption of electricity and natural gas by 1.5% and 0.75%,
respectively. This amount of savings included in the Efficiency Plan Projection was
calculated in consultation with Efficiency Manitoba by applying the statutory
requirements to the 2024 Electric Load Forecast (2024 ELF) as the amount of load that
would be avoided due to the continuation of existing programs. This created a baseline
amount of energy efficiency savings and a net amount of baseline energy consumption.
The 2024 ELF is discussed in detail in Section 4.4.

Efficiency Manitoba began these programs by developing and managing programs in its
first three-year Energy Efficiency Plan for 2020-2022. The Energy Efficiency Plan has been
extended and amended for plan years 2023 through 2027. The next Energy Efficiency
Plan will be developed for a five-year period from 2028-2032.

Manitoba Hydro and Efficiency Manitoba have collaborated to develop electric and
natural gas forecasts to incorporate the expectation that Efficiency Manitoba will achieve
the legislative targets through 2050. Between 2020/21 and 2024/25, Efficiency Manitoba
achieved electricity savings of approximately 80% of the legislated target of 1.5%, while
natural gas savings achieved are 91% of the legislated target of 0.75%.8 These savings

were achieved while expending 66% of the cumulative budget over the same period.

Efficiency Manitoba provided a description of the basis for projected savings and

expenditures for both electric and natural gas, reproduced below:®

e 2025/26 through 2027/28 values are based on EM planning analysis used as
the basis of the EM 2025/26 Annual Business Plan and includes preliminary
program energy savings and budgets for 2026/27 and 2027/28.

e 2028/29 through 2035/36 electric savings values are derived from
extrapolating the planning analysis completed for the 2025-28 period to
satisfy the cumulative legislated electric energy savings target (1.5% for
electric energy savings) by 2035/36 including the make up of any shortfalls

18 Efficiency Manitoba Information Package, Manitoba Hydro 2025 Integrated Resource Plan and Major
New Facilities Review, Attachment 2, Summary of Efficiency Manitoba’s 2020/21 through 2024/25
Independently Evaluated Energy Savings and Financial Results, pp. 15-17.

19 Efficiency Manitoba Information Package, pp. 4-5.
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realized during initial years of EM operations. Reference electric
consumption is from the Manitoba Hydro 2023 electric load projection.

e 2036/37 through 2049/50 electric savings values are derived from
extrapolating the planning analysis completed for the 2025-28 period to
satisfy the legislated target of 1.5% until 2049/50 using electric consumption
from the Manitoba Hydro 2023 electric load projection.

e 2028/29 through 2049/50 natural gas savings values are derived from
extrapolating the planning analysis completed for the 2025-28 period and
meeting the legislated target of 0.75% until 2049/50 using the natural gas
volume based on Manitoba Hydro’s 2022/23 gross actual natural gas
volumes less consumption from special contracts and power stations.

e 2028/29 through 2049/50 DSM budgets are based on the extrapolation of
electric energy and natural gas savings acquisition costs from the planning
analysis completed for the 2025-28 period using a 2% long term escalation
rate. Budget values capture the full cost (incentive and administration costs)
associated with all EM activities.

Once calculated from the electric and natural gas load forecasts, the savings volumes of
the Efficiency Plan Projection are applied to all modelling cases, and do not change with
the different load growth rates in the IRP Load Projections.?® Therefore, the Efficiency
Plan Projection for electricity does not specifically match the legislative target in any of
the three scenarios. In the lowest load scenario (Load Projection 1), the Efficiency Plan
Projection savings level is above the 1.5% legislated target for electric savings, and in the
medium and high load scenarios (Load Projections 2 and 3, respectively) the savings are
below 1.5%.

For electric peak demand reduction, Efficiency Manitoba assisted Manitoba Hydro in
forecasting the amount of savings per program. Manitoba Hydro then determined load
shapes for each program, allowing the determination of peak demand reduction to be
derived from Efficiency Manitoba’s energy efficiency forecasts. While there is no specific
legislative target for peak reduction, there is a relationship between targeted energy
efficiency and expected peak reduction. Because the IRP demand reduction is based on
the energy efficiency savings in the Efficiency Plan Projection, demand reductions
assumed in the IRP are likewise over or under the expected impact of the legislative

target depending on the load scenario.

20 |RP, Appendix 5, p. 34.
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3.3.1 Discussion

As outlined above, due to the static treatment of the Efficiency Plan Projection in all load
projections, the savings that are forecasted to be achieved by the baseline Efficiency
Plan Projection do not match the core assumption — made collaboratively by Manitoba
Hydro and Efficiency Manitoba — that the legislated energy savings target will be met.
Furthermore, the IRP does not provide justification for why the Efficiency Plan Projection
savings values were not developed individually for each forecast. As implemented, the
annual efficiency savings requirement is calculated from the prior year’s annual electric
and natural gas consumption. To appropriately incorporate this requirement into the IRP
analysis, Efficiency Plan Projection savings should be calculated using the forecasted load
for each scenario. This means that as the core electric and natural gas consumption
growth assumptions differ in the three IRP load projections, the amount of savings that

Efficiency Manitoba would need to achieve should vary with the scenario.

The difference between the Efficiency Plan Projection requirements calculated using the
2024 ELF (and used for all scenarios) and the requirements that should have been used
to match the mandated savings levels is significant. Adjusting the energy and peak
savings volumes accordingly would adjust the energy and peak planning targets in the
capacity expansion analysis and could have a meaningful impact on resource selection
decisions by the optimization model. This effect will be particularly significant in the
later years of the study period as load projections diverge.

By setting the energy efficiency savings as static across load projections, Manitoba Hydro
takes a conservative approach regarding future energy efficiency program success for
any higher load forecasts incorporated into the scenario analysis. This could be
considered as somewhat aligned with recent years of underachieving targeted savings
from energy efficiency programming. To be clear, Manitoba Hydro has not claimed that
this is the intent of this assumption. However, if the intent is to impose a conservative
assumption on energy efficiency savings, this could have been achieved through a
sensitivity case or other risk analysis to determine whether additional supply-side
resources should be added to hedge against the potential for underperformance of
efficiency programs.

The Efficiency Plan Projection represents a 20-25% reduction in annual electric usage by
the 15th year of Efficiency Manitoba’s Plan. The Efficiency Plan Projection represents
about a 10-12% reduction in annual natural gas consumption by the 15" year. While

both natural gas and electric programs require a strong commitment to the Efficiency
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Manitoba funding and staffing, the investment required to reach electric savings
objectives, in particular, is a sizable commitment that will require significant efforts to
achieve as the market continues to saturate. The early results of the electric programs
have fallen short of meeting the legislative targets each year, and while in the infancy of
the program, the results demonstrate the greater variance in the control of timing
regarding electric energy efficiency programs, where awareness of program offerings
and customer uptake is not as predictable as traditional supply-side resources. In
addition, to the extent the Efficiency Plan Projection for electric savings is not achieved,
or to the extent the capacity reduction impact is over-estimated, the baseline load
forecast will underestimate the amount of load, particularly peak demand. The
treatment of the legislative targets for electric and natural gas savings as an exogenous
variable and not varying based on load forecast removes the ability to see the
sensitivities to program cost based on load projections to meet the legislative target.

Furthermore, by incorporating the Efficiency Plan Projection in the electric and natural
gas load forecasts, the load forecasts are inherently dependent on the stability and
continuity of the legislative target. The IRP does not independently answer how much
electric or natural gas energy efficiency is appropriate without government action. While
the selection of additional electric energy efficiency in the Recommended Development
Plan suggests that baseline levels of electric energy savings are not inherently
misaligned, there are several risks that, if directionally aligned, could influence the
importance of having baseload generation such as hydropower upgrades that provide
both electric energy and capacity. As discussed in the following section, contrary to
electric savings, the IRP does not identify any additional natural gas efficiency program

investments in any of the development plans studied.

3.4 Selectable Energy Efficiency

In addition to the Efficiency Plan Projection, Manitoba Hydro incorporated electric
energy efficiency measures much like traditional supply-side options through the
creation of Selectable Energy Efficiency resources. These represent specific electric
energy efficiency measures that are available to the capacity expansion model as
resources to meet future energy and capacity requirements. The optimization process
within the model considers the economics of additional amounts of energy efficiency
above the mandated amounts.?! Selectable Energy Efficiency includes only electric

efficiency measures, as the IRP process did not incorporate any potential for selectable

21 |RP, Appendix 6, p. 46.

Independent Expert Consu

Itant Report: Manitoba Hydro’s 2025 Integrated Resource Plan

29



DAYMARK

ENERGY ADVISORS
APRIL 24, 2026

natural gas energy efficiency resources. While there is significant interaction between
electricity and natural gas demand, particularly in scenarios modelling a net-zero
economy in 2050, the focus of the IRP process is the development of an electric resource

plan.

Efficiency Manitoba and Manitoba Hydro used a very granular process in determining
the amounts and costs of the individual electric programs that make up Selectable
Energy Efficiency. The DSM MPS evaluated multiple end-uses of electricity and the
corresponding options for customers to use more efficient equipment or alternative
electric technologies. These substitutes or alternatives are referred to as efficiency
measures in the DSM program industry. Measures also include building envelope
enhancements such as insulation, which provide reductions in electric consumption. The
DSM MPS uses datasets consistent with available Manitoba provincial data such as
population, dwellings, commercial square footage, end-use surveys, etc. to determine
the overall number of measures that technically could be implemented. The
determination of potential savings for each potential energy efficiency measure is
conducted individually in the DSM MPS, although in most instances, the representation
of potential savings is aggregated for the purposes of presentation in the DSM MPS and
associated summary materials. The various potential levels for each measure reflect the
maximum savings that could be achieved under defined conditions:

e Technical Potential is the amount of energy and peak demand saving that
could be achieved if all the efficiency measures found by the team at
Dunsky were implemented. The Technical Potential represented at the time
of the study was 27% of the baseline energy consumption?? and 38% of the
peak demand baseline.?

e Economic Potential is the portion of Technical Potential measures that have
a Measure Resource Cost (MRC) test score of 60% (0.6) or better.?* The MRC
test is defined as the present value of the measure’s avoided costs divided
by the present value of the measure’s incremental cost. Daymark would
describe the use of 60% as a proxy for determining the lower cost measures
that should be considered within Efficiency Manitoba’s planning for its next
multi-year operating plan. The determination of economic potential utilizes
2020 vintage avoided costs. Daymark is comfortable with the use of 60% in
that it helps Efficiency Manitoba in its planning by recognizing that the

22 Dunsky DSM MPS, 2022, p.29.
22 Dunsky DSM MPS, 2022, p.32.
24 Dunsky DSM MPS, 2022, p. 55.
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outlook for avoided costs could be higher in the future and thus helps avoid
premature elimination of some measures.

e Maximized/Enhanced/Reference Potential represents the savings that
could be achieved assuming three different levels of funding incentives by
Efficiency Manitoba to encourage adoption. “Maximized Potential”
represents funding incentive levels at 100% of incremental costs of the
efficiency measure. Within standard practice for energy efficiency program
design, this is generally considered the highest incentive a program
administrator such as Efficiency Manitoba would provide.
Efficiency Manitoba and Manitoba Hydro collaborated to determine the amount and
cost of Selectable Energy Efficiency resources to include as options within the IRP. The
“Maximized Potential” case amount of each program is used; to calculate the amount
available for capacity needs, each program begins with the amount in the DSM MPS in

each year, reduced by:

e Amounts already included in the Efficiency Plan Projection, since those
reductions are already explicitly included in the load forecast, and

e Any amount of the specific Selectable Energy Efficiency program already
chosen in prior modelling years.

3.4.1 Modelling Representation

The following section summarizes the key elements of the representation of the
Selectable Energy Efficiency resources in the capacity expansion model. For further
discussion of the use of these programs in the capacity expansion analysis, see Section
5.4.

Table 1 below provides the full list of Selectable Energy Efficiency resources modelled:?*

25 |RP, Appendix 7.1. Table 7.1.24, p. 44.
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Table 1. Selectable Energy Efficiency Resources Modelled
RESIDENTIAL COMMERCIAL INDUSTRIAL
Home Insulation Ground Source Custom Energy
Heat Pumps Solutions

Energy Efficiency Assistance Program, Cold Climate
Air Source Heat Pump

Community Heat Pump, Cold Climate Air Source
Heat Pump

Air Source Heat Pumps

Energy Efficiency Assistance Program, Ground
Source Heat Pumps

Community Heat Pump, Ground Source Heat
Pumps

Ground Source Heat Pumps

Electric Furnace with Electric Thermal Storage

Electric Furnace with Electric Thermal Storage &
Cold Climate Air Source Heat Pump

As noted, the resources were identified in collaboration between Manitoba Hydro and
Efficiency Manitoba. The only exceptions are the two options above that include electric
furnace with electric thermal storage, which were independently developed by Manitoba
Hydro and did not use the Market Potential Study.?® Each of the programs is described in
detail in Section 2.4 of IRP Appendix 6.

The Selectable Energy Efficiency measures are modelled in the capacity expansion model
as continuous resources (i.e., the model can select any fraction of each option, up to an
annual and cumulative build limit).?” A one-year program development lead time is
assumed for all 11 programs. The nameplate capacity of each selectable resource is set
to its maximum non-coincident peak capacity value.?® The size of each program that can
be “selected” increases each year to recognize the DSM MPS Maximized Potential
energy efficiency case. For programs that include the potential for fuel switching from
natural gas to electricity, such as heat pump programs, the savings have been adjusted

to account for the offsetting incremental electric load.

26 |RP, Appendix 6, p. 46.
27 |IRP, Appendix 7.1, p. 44.
28 |RP, Appendix 7.1, p. 44.
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In discussions with Daymark, Manitoba Hydro clarified that each measure is counted for
the full year in which the measure is installed, and then perpetually with no attrition or
performance decay through the measure’s effective life. Once reaching the end of useful
life, it is assumed that the measure will be replaced at incremental product cost to

baseline technology to maintain energy and capacity savings.?*

Each program is modelled with assumptions regarding effective life, capital costs, and
transmission and distribution (T&D) benefits. The total cost includes program delivery
costs and incentive costs. This total cost is reduced by any T&D deferral credits resulting
from the savings achieved by the program. The electric T&D benefits are modelled on a
system-wide basis according to the cost per kW of capacity savings, summarized in Table

2 below. For a discussion of T&D methodology, see Section 8.

Table 2. T&D Deferral Benefits>°

LOAD GROWTH <=4,000 MW >4,000 MW
Transmission $35.20/kW-yr $50.40/kW-yr
Distribution $49.81/kW-yr $49.81/kW-yr
Total $85.01/kW-yr $100.21/kW-yr

The program costs of the Selectable Energy Efficiency options are summarized in Table 3
below. The energy efficiency costs are represented in terms of levelized cost of capacity
(LCOC) and levelized cost of energy (LCOE).3!

29 |RP, Appendix 6, p. 48.
30 |RP, Appendix 6, p. 48.
31 |IRP, Appendix 6, p. 61.
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Table 3. Cost of Selectable Energy Efficiency through 2035 with Avoided T&D

Cost (2024 CANS)3?

MEASURE LEVELIZED COST OF LEVELIZED COST OF
ENERGY $/MWH CAPACITY $/KW-YR

Residential — Home Insulation 73 93-101

Residential — Energy Efficiency Assistance 52-175 N/A

Program, Cold Climate Air Source Heat

Pump

Residential — Community Heat Pump, Cold 52-175 N/A

Climate Air Source Heat Pump

Residential — Air Source Heat Pumps 52-175 N/A

Residential — Energy Efficiency Assistance 60.95 63-151

Program, Ground Source Heat Pumps

Residential — Community Heat Pump, 60.95 63-151

Ground Source Heat Pumps

Residential — Ground Source Heat Pumps 60.95 63-151

Residential — Electric Furnace with Electric 501 82-161

Thermal Storage

Residential — Electric Furnace with Electric 501 82-161

Thermal Storage & Cold Climate Air Source

Heat Pump

Commercial — Ground Source Heat Pumps 60.85 63-151

Industrial — Custom Energy Solutions 89 559-673

3.4.2 Discussion

Selectable Energy Efficiency is an important resource in Manitoba Hydro’s
Recommended and Alternative Development Plans. The determination of resource
potential and impacts on energy and capacity needs are dynamic analytical challenges.
The development of these Selectable Energy Efficiency resources provides an important
linkage between the energy efficiency programming of Efficiency Manitoba and
Manitoba Hydro’s resource planning. Daymark offers the following observations
regarding the development and implementation of these resources within the IRP.

32 |RP, Appendix 6, Figures A6.22 — A6.26, pp. 53-57.
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Manitoba Hydro effectively collaborated with Efficiency Manitoba to integrate
selectable energy efficiency options into the IRP analysis

As documented in the IRP, and further validated by discussions between Daymark and
each party, there was significant collaboration between Manitoba Hydro and Efficiency
Manitoba during the development of the IRP. Efficiency Manitoba provided insight and
recommendations regarding the impact of energy efficiency measures on peak demand,
the appropriate electric energy efficiency measures to consider as selectable resource

options, the appropriate use of the Market Potential Study, and other issues.

Manitoba Hydro received significant data and input related to the potential for electric
energy efficiency to reduce energy consumption, reduce peak demand, and thus
decrease the amount of supply resources required in the future to reliably serve
consumers in Manitoba. This started with the need to determine the impact of Efficiency
Manitoba’s programs to meet the legislative targets of 1.5% annual reduction in electric

consumption and 0.75% annual reduction in natural gas consumption.

Efficiency Manitoba’s experience, supported by the DSM MPS, provided the foundation
for the forecast of efficiency savings out to 2050. Manitoba Hydro accepted the
assumption that legislative targets would be met by Efficiency Manitoba, despite some
shortfalls in meeting those targets in Efficiency Manitoba’s four years of operation after
its start-up in 2020.

Manitoba Hydro relied on Efficiency Manitoba to create the size of Selectable Energy
Efficiency resources and associated costs. Ultimately, Manitoba Hydro maintained
control of the modelling of energy efficiency, including reducing the effectiveness of
ground source heat pumps from the level suggested by the DSM MPS.

Integration of Selectable Energy Efficiency as electric resource options provides
important planning insight

Including electric energy efficiency resource programs as selectable options in the
capacity expansion model is an important element of integrated planning methodology
and reflects industry best practices. Manitoba Hydro’s approach, which allows the
optimization model to consider these resources as components of a least-cost portfolio
to meet firm capacity and dependable energy requirements, provides important insight

into the comparative grid value of supply-side and demand-side resources.
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Lack of selectable natural gas efficiency resource options provides no insights
regarding adequacy of natural gas supplies out into the future

The focus on electric resource development planning in the IRP leaves Manitoba Hydro
without data that could inform its strategy as well as Manitoba’s provincial policy on the
economics of fuel switching. The integration of selectable natural gas efficiency
measures into the capacity expansion model structure is likely to pose unique
challenges. Nevertheless, as these measures will become more relevant to electric
system planning as net-zero requirements draw closer, Manitoba Hydro should consider
methods to integrate consideration of these options in future IRPs.

Analysis appropriately considers interaction between baseline Efficiency Plan
Projection and Selectable Energy Efficiency

It is appropriate that the selectable resources do not include the amount of each specific
electric efficiency measures that have already been incorporated into the load forecast
as part of the baseline Efficiency Plan Projection. The coordination with regard to the
Efficiency Plan Projection ensures the Maximized Potential of selectable resources is not
double counting measures. This was conducted on an individual measure level. For
example, Efficiency Manitoba informed Manitoba Hydro that lighting would be fully
accounted for in the Efficiency Plan Projection, which is why lighting is not listed among
the Selectable Energy Efficiency resources, as all of the Maximized Potential is assumed

to occur in the baseline Efficiency Plan Projection.

Selectable Energy Efficiency potential may have been unnecessarily restricted
using preliminary economic screening

There is a significant amount of potential electric energy efficiency that was recognized
in the DSM MPS that has not been included in the IRP for evaluation. Table 4 below

summarizes the technical and economic potential levels determined in the DSM MPS.

Table 4. Technical and Economic Energy Efficiency in FY38 DSM MPS33

Energy Savings Peak Demand Savings

GWh % of Technicfal % of Econorr:nic MW % of Technicfal % of Econonﬂ'lic

Potential Potential Potential Potential

Technical 7,537 100% - 2,094 100% -
Economic 6,378 85% 100% 1,946 85% 100%
Maximized 2,940 76% 46% 776 76% 40%
Enhanced 1,702 27% 27% 350 27% 18%
Reference 1,212 18% 19% 257 18% 13%

33 Dunsky DSM MPS, 2022, Figure 3-1, p. 29, and Figure 3-4, p. 32.
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By using the Maximized Potential from the DSM MPS as the highest possible deployment
amount, the amount of combined savings (including both baseline Efficiency Plan
Projection and Selectable Energy Efficiency savings) was effectively capped using a
preliminary set program incentive assumptions and economic screening analysis, rather
than an optimized analysis using the capacity expansion model. This approach
understates the potential contribution of economic Selectable Energy Efficiency

resources.

While Daymark agrees with the need to subtract electric energy efficiency already
accounted for in the load forecasts, we do not consider it appropriate to limit the size of
the Selectable Energy Efficiency resources to the Maximized Potential incentive case,
which assumes incentive levels equal to 100% of the incremental cost of the measure.
The maximum level that Efficiency Manitoba can spend on incentives under today’s
standards for program and incentive design is not the question an IRP should be
answering. Instead, the IRP should communicate the point at which incentive and
funding levels provide beneficial energy efficiency as part of the resource plan(s)
resulting from the IRP evaluation. There may be electric energy efficiency measures that
are beneficial to be added to resource plans being analyzed where incentives exceed the
total incremental cost of the measure. Given that the capacity expansion model chose
some of the Selectable Energy Efficiency measures to their maximum available level
(discussed in Section 7.5.2), it is likely that excluding the additional economic potential
results in the model not meeting the goal of identifying a least-cost plan.

In the DSM MPS, the Maximized Potential incentive case only includes 46% of the
Economic Potential for energy savings and 40% of the Economic Potential for demand
savings. Limiting efficiency resources that could be selected based on the Maximized
Potential scenario prematurely eliminates a large amount of Economic Potential from
evaluation. This eliminated portion of the Economic Potential equals 54% of economic
energy savings and 60% of economic peak demand savings. To put this in perspective,
the portion of the Economic Potential measures that was not evaluated in the IRP
represents potential that could provide savings of 12% of the energy consumption by
Manitoba energy customers in FY38 in the baseline load forecast and 21% of the peak

demand in the baseline in FY38.3*

34 Dunsky DSM MPS, 2022, p. 29.
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Risk analysis indicates that electric energy efficiency performance uncertainty
can be mitigated

In relation to performance expectations versus theoretical performance, Manitoba
Hydro performed risk analysis on the effective performance of electric efficiency
measures, assuming a 20% reduction in capacity benefits of the Efficiency Plan
Projection and a 30% reduction in capacity expected from the chosen Selectable Energy
Efficiency. The results concluded that the risk of under performance is moderate, but the
build-out target is sufficient to mitigate the impacts.®

Analysis suggests presence of “trigger conditions” for measure adoption

Key findings from the sensitivity analysis of additional energy efficiency modelling are
summarized in Appendix 7.2 of the IRP.3® Certain categories are selected to the
maximum (full modelled potential) or minimum based on other underlying assumptions.
For instance, commercial GSHP is selected to its maximum in certain scenarios when
other technologies are not yet available, custom energy solutions are selected when
load is assumed medium or high, but not at all when load is low, and ASHP is generally
not selected due to inability to provide capacity in winter. An implication of how
maximum selections of certain resources are determined is discussed in the next

section.

These findings suggest the potential existence of “trigger conditions” that provide
contextual planning guidance. A trigger condition is a set of occurrences that cause a
material change in the selection of resources, such as selectable energy efficiency. The
modelled scenarios that result in maximum selection of a specific measure are
important to document, as this information can inform program design and priorities.
Determining which conditions drive the selection of different programs is potentially

valuable for Manitoba Hydro, Efficiency Manitoba, and decision makers.

Further analysis of measures will increase confidence in future IRP analysis
Manitoba Hydro relied on the DSM MPS as the primary source of the resource
characteristics that were ultimately reflected in the model. In some instances, Manitoba
Hydro made manual modifications to these characteristics when developing the

resource options.

35 |IRP, Appendix 9.2, p. 11.
36 |RP, Appendix 7.2. p. 61.
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For example, Manitoba Hydro reduced the seasonal coefficient of performance (SCOP)
of GSHP by half relative to the level provided in the DSM MPS. This adjustment was
made based on Manitoba Hydro’s own information collected beginning in the early
2000s.3” GSHP (residential and commercial) were frequently selected by the capacity
expansion model to their maximum allowable extent, making this adjustment a material
change. While based on empirical evidence, this treatment is inconsistent with the

simplified DSM economics that are applied elsewhere in the IRP.

This highlights the need for continued refinement of the research on measure
performance and characteristics to ensure that the IRP incorporates best available
information, as well as for greater collaboration between Efficiency Manitoba and
Manitoba Hydro to align on assumptions. With additional evidentiary support for the
estimates of measure performance, the risks of achieving forecasted savings will be

reduced, and the confidence in planning outcomes will improve.

Representation of T&D deferral should be improved

Manitoba Hydro assumes the cost for capital expenses and system-wide T&D deferral
benefits for each program, but does not model savings zonally or with feeder/substation
granularly. However, the T&D deferral benefits have significant impacts on resource
selection. For example, in discussion with Daymark regarding the cause of the binding
constraint for custom energy solutions under medium and high load growth, Manitoba
Hydro claimed one of the drivers to be that T&D deferral increased, making these
measures more economical. Given that T&D deferral benefits are location specific, and
the value of the DSM can vary based on the ability to relieve constraints locally and
regionally, DSM modelling scenarios could be more accurately addressed through tiers,
where each tier could be identified with a geographic location where T&D deferral is
known and applied to the avoided cost of the measures for that geographic region. This
approach would create tiers of Selectable Energy Efficiency with appropriate levels of
T&D deferred benefits, potentially including a tier that includes no benefit for T&D
deferral. Not only would this be a more accurate approach, but it would also inform
Efficiency Manitoba, Manitoba Hydro, and regulators of the sensitivity of DSM
investments and the role of T&D deferral in the targeting of DSM programs.

37 IRP, Appendix 5, p. 26.
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Manitoba Hydro would benefit in future IRPs to develop more refined treatment to the
elements highlighted above in ensuring accurate representation of Selectable Energy

Efficiency.

Cost refinement to Selectable Energy Efficiency

Modelling Selectable Energy Efficiency on a constant incentive cost basis does not
accurately reflect the nature of program uptake in DSM programs. In practice, DSM
incentives should change over time. Supply curves would benefit from a block structure
as marginal program costs could be modelled to rise with saturation instead of a single
investment curve. Early adopters often require much lower incentives and by creating a
uniform incentive cost, Manitoba Hydro may be eliminating some measures entirely

from selection while overstating the penetration of some lower overall cost measures.

Selectable Energy Efficiency is modelled assuming higher incentives than in the
Efficiency Plan Projection since the costs of the incentives from the Maximized Potential
case in every year of the IRP were used, i.e., full incremental costs of measure. In
practice, there will likely be a wide range of costs and performance results of energy
efficiency measures over time, which underscores that there is no single cost curve for
energy efficiency. Performance often varies by measure and at different points along the
saturation path.

In addition to accounting for saturation level, Selectable Energy Efficiency modelling
would also benefit from separating new construction from retrofits. Replacing existing
equipment with efficient equipment — or retrofits — often has high cost, but location
targeting that can include T&D cost deferral is generally more attainable in retrofits.
Also, new construction may be located at an unconstrained part of the system where,
absent a strong penetration of energy efficiency measures, the grid may need more
capital investment in distribution plant and possibly even transmission. Separating the
supply cost curve by retrofit and new construction will produce greater accuracy in

modelling cost-effectiveness and actual performance.

Altogether, the development of supply cost curves will better inform future IRPs in
determining the costs of retrofit versus new construction, early adoption costs versus
saturated market costs, and better inform program design and efficient targeting of DSM

programs.
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3.5 Demand Response Resources

Demand response represents an important capacity resource for Manitoba Hydro’s
existing and planned portfolio. The DR plan presented by Manitoba Hydro includes
programs that already exist (prior to the 2025 IRP) and newly introduced or assumed
programs. The Curtailable Rates Program (CRP) is an existing program already in place
with contracted commercial and industrial participants who agree to reduce electricity
consumption when curtailment events are called. The IRP assumes that the CRP will be
extended beyond current contract end dates and expanded with additional participants
throughout the entire study period to maintain a constant annual accredited winter
peak savings of 151 MW.3® Manitoba Hydro assumed that the existing CRP and
participation remains in effect through the 2028/29 power year. Afterward, it is no
longer treated as an existing resource; the extension through 2050 is listed as a new
resource. The IRP includes development of significant additional DR resources, as

discussed in the following sections.

3.5.1 Demand Response Potential

Manitoba Hydro’s DR assumptions are informed by the DR MPS, which was conducted
specifically for Manitoba Hydro and helped estimate the potential impacts of
implementing DR programs across the province.*® The DR MPS assessed the potential for
peak-hour demand savings across Manitoba Hydro’s service territory over 15 years
spanning fiscal years 2023/24 to 2037/38. The DR MPS analysis evaluated three
scenarios — low, high, and Advanced Metering Infrastructure (AMI) — to estimate the
achievable DR potential, which concluded in a range from 208 MW to 282 MW by 2037

(not including Manitoba Hydro’s current CRP program).*®

38 |IRP, Appendix 7.2, p. 70.
39 |IRP, Appendix 5, p. 38.
40 Dunsky DR MPS, 2026, Figure E-2, p. 9 of 66.
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Figure 2. DR Achievable Potential by Scenario and Year per the DR MPS

Manitoba Hydro grouped DR impacts into three categories reflecting different load

shape effects, including CRP. These categories are as follows:

1. Demand response with bounce-back effect
2. Electric vehicle smart charging.
3. Commercial/industrial curtailable load (Curtailable Rates Program)

The first category — demand response with bounce-back effect — encompasses
residential direct load control programs such as Wi-Fi thermostat control and others
where consumption may be reduced during a DR event, but afterwards, customers use
additional energy to return to the pre-event state (such as reheating a home after a
thermostat setback).*

The second category — electric vehicle smart charging — was separated from other
residential DR because EV charging is tied to customer patterns (such as when they
arrive home and plug in their vehicles), and a DR event outside of typical charging
windows may have limited ability to reduce EV charging load.** Importantly, as the IRP
forecasts significant growth in EV adoption in its medium and high load projections and
peak demand impacts from EV charging grow correspondingly, EV DR will be an

important mechanism for Manitoba Hydro to mitigate the peak demand impact of the

41 IRP, Appendix 5, p. 38.
42 |RP, Appendix 5, p. 39.
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electrification of transportation. However, the IRP assumes that the technology
necessary to manage electric vehicle charging will still be in development and not

accessible across the study horizon.*

The third category encompasses commercial and industrial curtailable load under the
CRP. When an event is called, participating customers reduce electricity consumption
and return to normal operations afterwards without a bounce-back increase in
consumption. Manitoba Hydro assumes that the existing CRP will be maintained across
the study period and expanded by enrolling additional participants to continue to

contribute to demand reduction.

3.5.2 Modelling Additional Demand Response

Manitoba Hydro models DR programs as peak-reducing resources, which flatten winter
peak demand during December, January, and February. Because load shapes are
projected to change over the course of the study period, Manitoba Hydro develops three
different optimization load shapes for 2024-2034, 2035-2041, and post-2041.%* DR is
modelled on an aggregated basis as a single resource option rather than as individual
programs. Manitoba Hydro justifies this approach with two reasons: first, individual DR
programs are too small to result in meaningful outcomes when compared to larger
supply and demand optimization issues; and second, modelling individual DR programs
fails to capture interactive effects between programs.*

In all scenarios and sensitivities other than the “No DR and CRP” sensitivity — where the
CRP drops to 0 MW in 2029 — DR is modelled as a committed resource that extends
throughout the study horizon at 151 MW of accredited winter peak savings (DR is not

modelled as having any accredited summer capacity or dependable energy savings).®

3.5.3 Sensitivity Analysis of Demand Response

Manitoba Hydro's sensitivity analysis regarding DR is represented by a single “No DR and
CRP” sensitivity under the highest load scenario (Load Projection 3). This sensitivity
removes all DR and CRP winter capacity savings throughout the study horizon to
quantify the benefits of DR and CRP to the system by evaluating how the model adjusts
to its absence. The key findings by 2035 based on this sensitivity are:

43 |RP, Appendix 7.1, p. 5.
44 IRP, Appendix 5, p. 39.
4 IRP, Appendix 7.2, p. 71.
4 |RP, Appendix 7.2, p. 70.
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e The model adds an additional 318 MW of batteries as compared to the S3C
scenario®’

e The model adds biodiesel combustion turbines
e Annual net system costs in 2035 increases by $83 million per year
e The present value of net system costs increases by $365 million

e Greenhouse Gas (GHG) emission impacts are minimal (less than 10,000
tonnes of CO,e change by 2035).%8
Results of this sensitivity also show that under Load Projection 3, DR and CRP mitigate
the near-term accredited capacity shortfall by approximately 193 MW (581 MW without
DR and CRP versus 388 MW with DR and CRP). Manitoba Hydro concludes that “in a
situation with high load growth prior to 2030, DR and CRP are valuable mitigation tools

for avoiding or lessening near-term accredited capacity shortfalls.”*

A limitation to the sensitivity analysis is that Manitoba Hydro does not explore
intermediate sensitivities, such as 50% or 75% of assumed participation or gradual
degradation over time. Manitoba Hydro also does not incorporate the deployment of
AMlI into its sensitivity analysis, although it is stated throughout the IRP that AMI is
necessary for the expansion of DR.*° Manitoba Hydro also does not run any scenarios
that add new alternative DR or curtailable options. This means that the IRP does not test
whether different or expanded DR program designs — such as the interruptible rate
program, Critical Peak Pricing dynamic rates, or expanded C&I curtailment measures
identified in the DR MPS — could provide additional value.

3.5.4 Discussion

Demand response resources are expected to contribute a significant portion of the
incremental capacity included in the Recommended Development Plan, including
notable contributions in the early years of the planning period before several supply-side
options are available. The significance of DR in the plan warrants detailed evaluation of
Manitoba Hydro’s approach to analyzing the resource in the IRP. Daymark offers the

following observations and conclusions.

47 “S3C" is the modelling scenario using the high load projection scenario and a resource strategy that
assumes a net-zero grid by 2035 and the addition of majority Indigenous-owned wind. Scenario
definitions are discussed in Section 7.5

48 |IRP, Appendix 7.2, p. 72.
49 |IRP, Appendix 7.2, p. 73.
50 |RP, p. 38.
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Demand response potential was developed primarily by Manitoba Hydro
Manitoba Hydro utilized consultations with Dunsky Energy + Climate Advisors and, to a
lesser degree, Efficiency Manitoba. The DR MPS was jointly commissioned by and
prepared for both Manitoba Hydro and Efficiency Manitoba, while the DSM MPS was
prepared by Dunsky Energy + Climate Advisors for Efficiency Manitoba alone. The DR
MPS was conducted in parallel with the 2022 DSM MPS, and the DR analysis uses many
inputs and assumptions from the DSM MPS. Manitoba Hydro acknowledges in its next
steps the need to work with Efficiency Manitoba to develop programs and projections
for demand response programs.°?

Aggregated representation of DR prevents comparative analysis of programs
DR is modelled as a single aggregated block with no programmatic disaggregation, unlike
energy efficiency which is disaggregated into 11 selectable programs in the model. No
individual program cost curves, participation assumptions, lead time characterizations,
or energy savings profiles are provided as it relates to DR modelling. While Manitoba
Hydro provides reasonable justification for this approach (noted above), the result is
that the 310 MW of DR in the Recommended Development Plan cannot be traced to
specific implementable programs, assessed for cost-effectiveness at the program level,
or evaluated for achievability with the same confidence as with energy efficiency. This is
notable because the DR MPS provides the measure-level detail that would support
disaggregation, and identifies potential for individual measures including interruptible

rates, EV smart charger control, Wi-Fi thermostats, manual curtailment, and more.>?

Dependency on advanced metering infrastructure understates cost, creates
adoption risk

In its IRP, Manitoba Hydro acknowledges that expanding DR beyond current levels will
depend on capability and infrastructure enhancements, such as AMI.>® AMI is specifically
identified in Near-Term Action 2 as a prerequisite for DR implementation. In its IRP,
Manitoba Hydro states that it will work with Efficiency Manitoba to implement DR and
curtailable rate programs, as well as pursue new technologies to enable expansion,
noting that “AMI deployment will be coordinated with other customer-side initiatives to

maximize its benefits.”>*

51 |RP, p. 68.
52 Dunsky DR MPS, 2026, Tables 2-1, 2-2, and 2-3, pp. 21-26 of 66
53 |RP, p. 38.
54 |RP, p. 68.
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However, the IRP provides no AMI deployment schedule, capital cost estimates, or
timeline for when AMI-enabled DR programs could realistically deliver capacity savings.
The Recommended Development Plan’s capital cost investment estimate, by 2035, of
approximately $3.4 billion does not include work toward Manitoba Hydro’s grid
modernization or AMI initiatives.>® Without an estimate of AMI capital costs or rate
impacts to customers, there can be no cost-benefit analysis to consider AMI investment
and DR savings together. The IRP operates on a presumption that AMI is beneficial and
necessary, but does not present the costs to customers or the economics case that
would support this presumption, despite AMI deployment being a major infrastructure
undertaking.

The DR MPS provides important context on what AMI would enable, but similarly, does
not address implementation costs of the infrastructure. The AMI scenario in that study
models a two-tier Critical Peak Pricing rate with a 4:1 peak-to-off-peak ratio applied
across all residential and commercial customers, achieving 245 MW of DR potential by
2037.5¢ Table 5 provides summary information for multiple scenarios considered in the
DR MPS. Dynamic rates under the AMI scenario achieve a TRC ratio of 6.6, by far the
most cost-effective DR measure in the study. However, the DR MPS highlights that the
AMI scenario program costs of $12.4 million per year in 2037 are “not accounting for any

757

investment in infrastructure”>’” and cautions that if a portion of AMI costs are attributed

to DR programs, this cost-effectiveness will decrease.®®

Table 5. Summary Data on Scenarios Considered

. . High
Scenarios Low High AMI Electrification
Achievable Potential 208 MW 282 MW 245 MW 324 MW
Achievable Potential as Percent 3.50% 4.70% 4.10% 3.40%
of Peak Load
Portfolio Annual Spend in 2037 $15.3 million $34 million $12.4 million $139 million
Average Supply Cost in 2037 S77/kW S124/kW S50/kW S$136/kW

55 IRP, p. 37.

56 Dunsky DR MPS, 2026, Table 2-3, p. 25-26 of 66
57 Dunsky DR MPS, 2026, Table E-1, p. 9 of 66.

58 Dunsky DR MPS, 2026, p. 28 of 66.
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IRP does not consider uncertain customer participation in demand response
Manitoba Hydro acknowledges that “strong customer participation is required... [and
that] low uptake could significantly impact capacity outcomes.”>® However, Manitoba
Hydro does not provide participation forecasts, customer economics analyses, or
program uptake modelling for its DR program plans. No information is provided about
how many customers would need to enroll in each type of DR offering, what incentive
levels would be necessary to encourage participation, or what historical CRP enrollment
rates suggest about the feasibility of its expansion. The DR MPS asserts that the
interruptible rate program carries higher risk as it targets a small pool of large customers
where the decisions of a few can have a material impact on total savings.® Without
evidence of how customer participation will affect DR programs, the 310 MW assumed
committed planning resource is effectively an untested planning assumption. This
uncertainty is compounded by the fact that the DR resources are modelled as a single

aggregate resource, as discussed above.

Compensation and incentive design will be critical to achieving potential

The IRP does not discuss rates, credits, incentives, or other compensation mechanisms
that would underpin DR program enrollment and participation in detail. By contrast, the
DR MPS provides scenario-level assumptions across its three study scenarios related to
categories including dynamic rates, interruptible rates, and more.®! This information was
available to Manitoba Hydro but is not incorporated into the IRP’s consideration of DR
compensation and incentive design. Without this information, it is not possible to
evaluate whether the assumed DR capacity is achievable at reasonable costs, or whether
incentive structures would attract sufficient (or potentially additional) customer
participation.

3.6 Demand Side Management Observations and Conclusions
The prior sections discuss factors that lead to the following six observations:
1. Future load forecasting and IRPs need to incorporate methodology

changes to more fully integrate the baseline Energy Efficiency Plans to
meet legislated targets for savings.

2. The Selectable Energy Efficiency resource modelling methodology
oversimplifies the realities of these measures both in cost (due to the

5 |RP, p. 38.
60 Dunsky DR MPS, 2026, p. 20 of 66.
61 Dunsky DR MPS, 2026, Tables 2-1, 2-2, 2-3, p. 21-26 of 66.
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lack of an appropriate cost supply curve), and benefit treatment
(including the treatment of T&D avoided costs), and would benefit from
refinements. With more refined modelling methodologies, Manitoba
Hydro will better understand the nature of trigger conditions of
maximizing selection of measures that will enable better targeted
program developments.

3. About half of the Economic Potential for energy efficiency measures that
are low-cost economic options in the DSM MPS were not included.
Inclusion of the potential of all economic options in future IRPs would
avoid unnecessarily restricting economic potential.

4. While maturity of program offerings will better inform future IRPs,
unilateral divergence from DSM MPS should be avoided to ensure that
the assumptions regarding cost and performance of energy efficiency
are not scrutinized more skeptically than similar assumptions for supply
resources, including emerging technologies.

5. Demand response should not be modelled as a single aggregated
resource, but rather modelled based on evaluation of the potential for
dynamic rate offerings and expansion of curtailable service rates. AMI
deployment must be known to determine the availability of these
program offerings. Costs and implementation considerations for
individual programs should be analyzed.

6. Natural gas energy efficiency options beyond the Efficiency Manitoba
Energy Efficiency Plan should be considered for incorporation into future
IRPs. The efficiency of natural gas end uses will have important
implications for electric grid planning as the province progresses
towards a net-zero economy. Natural gas efficiency measures are likely
to become increasingly economic options and the IRP can provide
important insight to identify cost effective options.
Daymark concludes that a fully integrated IRP should not be constrained by deriving
efficiency and demand response potential using illustrative program designs. A broader
methodology should be used to determine a least-cost target for energy efficiency
within the IRP based on the inclusion of all beneficial energy efficiency measures. The
types and amounts of measures that are found beneficial (and thus included in the
Recommended Development Plan) could then feed back into Efficiency Manitoba’s
process to aid in development and implementation of its five-year plan. Manitoba Hydro
Load Forecast. For any IRP, a load forecast is the key driver of the determination of need.
How quickly load (energy and demand) will grow, how impactful demand-side

management activities will be, and what uncertainties could lead to unexpected
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outcomes, set the stage for determining what resources best meet a utility's needs.
Appendix 5 to the IRP provides information regarding the construction of the three load
scenarios used in the IRP. This section reviews the three baseline forecasts (energy,
demand, and natural gas) and the application of those forecasts in constructing the IRP

scenarios used in Manitoba Hydro’s analysis.
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4 MANITOBA HYDRO LOAD FORECAST

For any IRP, a load forecast is the key driver of the determination of need. How quickly
load (energy and demand) will grow, how impactful demand-side management activities
will be, and what uncertainties could lead to unexpected outcomes, set the stage for
determining what resources best meet a utility's needs. Appendix 5 to the IRP provides
information regarding the construction of the three load scenarios used in the IRP. This
section reviews the three baseline forecasts (energy, demand, and natural gas) and the
application of those forecasts in constructing the IRP scenarios used in Manitoba Hydro’s

analysis.

4.1 Scope ltems

This section primarily addresses the following scopes of work:
Scope item #2

Review and comment on Manitoba Hydro’s estimates of demand for domestic
electrical energy and power, as well as natural gas, Manitoba Hydro’s existing
export obligations and any alternative demand scenarios. Identify the most
important parameters and variables in the estimates. Comment on the
appropriateness of any baseline assumptions made by Manitoba Hydro and its
natural gas subsidiary, as well as the appropriateness of any planned
contingencies.

Scope item #3

Review and comment on the increases and decreases in the demand for
electrical energy and power and natural gas that arise from switching from one
fuel to the other.

4.2 Forecast Approach

Manitoba Hydro creates three electric and three natural gas load projections for its IRP
analysis. The projections in the IRP are based on, but are not identical to, baseline
electric and natural gas forecasts developed through standard ongoing forecasting

processes utilized by Manitoba Hydro and Centra Gas.

4.2.1 Baseline Assumptions

The foundation for the IRP projections is the Manitoba Hydro 2024 Electric Load
Forecast (2024 ELF), which consists of an electric energy forecast and an electric peak
demand forecast, and the 2024 Natural Gas Volume Forecast (2024 NGVF). As discussed

in detail in Section 4.4 below, the 2024 electric energy forecast was produced using a
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consistent methodology with past vintages. This methodology, which Daymark reviewed
in its filing with the PUB entitled “Daymark Energy Advisors Report - Load Forecast” in
the Manitoba Hydro 2017/18 & 2018/19 General Rate Application proceeding, has been
improved upon over time by Manitoba Hydro and generally accepted by the PUB despite
some recommendations for updates to the approach. The 2024 electric peak demand
forecast, on the other hand, is an updated methodology from previous vintages. The
natural gas volume forecast, like the 2024 ELF, uses similar methodologies to prior

vintages of natural gas forecasts.

4.2.2 IRP Projections

The IRP load projections are created by modifying input variables within the basic
Manitoba Hydro forecast structure to produce a range of potential load forecasts. These
projections define both a low-end and high-end level of energy and load for Manitoba,
along with a “Medium” projection that serves as a moderation of these two bookends.
The specific levers defining these scenarios are summarized in Figure 3.

Figure 3. Summary of Key Variables for IRP Scenarios®

For each scenario, Manitoba Hydro generally applies similar methodologies developed in
the 2024 ELF and 2024 NGVF to produce electric peak, electric energy, and natural gas
volume forecasts. The following sections discuss the methodologies employed by

Manitoba Hydro to produce the following load components of its 2025 IRP:

62 |RP, Appendix 5, p. 15.
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e Base Electric Load Forecast — Section 4.4
e Base Peak Demand Forecast — Section 4.5
e Base Natural Gas Volume Forecast — Section 4.6

e |RP Load Projection scenarios — Section 4.8

4.3 Section Organization
Manitoba Hydro’s load forecast is a foundational element of the IRP. The assumptions
underpinning each load projection and the approach to defining each projection

produce a range of load forecasts that inform all resource planning decisions.

The IRP and supporting Load Projection appendix (Appendix 5 to the IRP) provide an
overview of these key assumptions across three load projections, with some discussion
of how underlying assumptions are modified in each projection. However, there are
multiple aspects of load forecasting methodology and scenario construction that are not

sufficiently discussed in these documents.

Currently, the filing does not sufficiently discuss the structure and assumptions of the
2024 ELF and the 2024 NGVF, which are the starting points for each of the three load
projections. While documentation from prior proceedings discusses the structure and
assumptions of these forecasts, further discussion of this structure would be valuable in
this proceeding. Furthermore, there are aspects of these forecasts that require further
detail, beyond the level provided in prior filings, to assist the PUB and stakeholders to
understand the implications of Manitoba Hydro’s modelling choices that lead to the
three IRP load projections. Discussion of these foundational items is provided in Sections
4.4,4.5, and 4.6.

With an understanding of the structural methodology of the 2024 ELF and 2024 NGVF
established, Section 4.7.2 discusses how Manitoba Hydro defines the three load
projections and modifies the underlying assumptions to generate these projections from
the 2024 ELF and 2024 NGVF. Included in that section is a consideration of how the
three load projections diverge from the assumptions in the 2024 methodology and how
these modifications ultimately impact Manitoba Hydro’s resource planning process.

4.4 Base Electric Load Forecast
Manitoba Hydro employs a variety of techniques to produce its Customer, Energy, and

Demand forecasts, including econometric regressions, end-use modelling, individual
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customer forecasts, historical trend analysis, and hourly load shape modelling. The

selected methodology varies depending on the class or forecast component.
First, Manitoba Hydro separates its electric customer base into the following classes:

1. Residential

2. General Service Mass Market
3. General Service Top Consumers
4. Area & Roadway Lighting

5. Own-Use

Each of these classes is further divided to account for varying usage profiles and to allow
for varying forecasting techniques. Preliminary forecasting results are then further
adjusted to account for impacts such as energy efficiency and demand response, electric
vehicle adoption, behind the meter (BTM) generation adoption, and other emerging

technologies.

The resulting annual energy forecast for each sub-class is then aggregated into a
provincial electric energy forecast. In addition to the annual forecast, Manitoba Hydro
produces an hourly load profile by sub-class. The methodologies for determining load

profiles are discussed in Section 4.5 below.

We discuss each of the customers classes below.

4.4.1 Residential

The Residential class is primarily composed of customers who require electric service
throughout the year, which is identified as the sub-class “Residential Basic.” Residential
Basic sales represent more than 99% of total energy sales associated with the
Residential class, with the remainder consisting of seasonal, flat rate water heating, and
diesel community customers. The Residential Basic sub-class represents 35% to 38% of

total Manitoba Hydro energy sales before adjustments throughout the forecast period.

Forecasted Residential Basic customers

The Residential Basic customer forecast is based on the average of several Manitoba
population forecasts from various external agencies, producing an Average Customer
Forecast. Manitoba Hydro estimates future customer growth in this class based on the
forecasted growth rate of the population of Manitoba, such that a forecasted increase of
1% in Manitoba’s population corresponds with a forecasted 1% increase in Residential
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Basic customers. This Average Customer Forecast is then allocated based on the

expected use of electric or non-electric sources for space and water heating, through an
end-use model that considers various factors (dwelling type, usage profiles, and heating
technology) ® as well as a logistic regression to forecast the rate of adoption for electric

heating.

For segmenting Residential Basic customer counts, Manitoba Hydro “regularly conducts
a large-scale survey to determine the most current energy use characteristics of
Manitoba Hydro’s residential customers.”®* This data is used to inform the end-use

model referenced above.

Residential Basic average use

An econometric model is used to forecast a preliminary average annual electricity use
per customer in the Residential Basic sub-class. This preliminary average use calculation
is then modified with adjustments for demand-side management, energy efficiency
codes and standards, and electric vehicle adoption. The model uses the following
independent variables for determining average end use:

e Ln(Avg. Use): the residential average usage of electricity per customer in a
given year, measured in kWh.

e Saturation of Electric Heat: the portion of the new customers that are
expected to use electric heating, calculated based on forecasts of real
natural gas prices, real electricity prices, and the efficiency of gas furnaces
which are inputs into an autoregressive regression of historical adoptions
rate of electric heating in new dwellings.®

e Ln(Real Income): the natural log of real income per residential customer,
measured in 2023 Canadian dollars, and calculated from the forecast of
household disposable income divided by customer count (historical and
forecasted).

e Ln(Price): the natural log of lagged electricity prices, calculated as the
average of real electricity prices 2 and 3 years prior to the forecast year. This
variable is defined differently from the Price variables in other models
discussed below.

63 Dwelling Types are either Single-Family, Multi-Family, or Apartments. Usage Profiles are either
Winnipeg, South Gas, or Non-Gas. Technologies include various electric- and gas-power heating
systems for space heating and water heating.

64 Manitoba Hydro Fiscal 2026 to 2028 General Rate Application, Tab 9 — Load Forecast MFR 74, p. 11.

65 An autoregressive regression in this context presents a dependent “electric heating saturation”
variable and independent variables that included lagged terms of “electric heating saturation” and
multiple lagged terms of the ratio between the prices of electricity and gas.

Independent Expert Consultant Report: Manitoba Hydro’s 2025 Integrated Resource Plan



DAYMARK

ENERGY ADVISORS
APRIL 24, 2026

e Time Trend: a simple time trend that increases by one in each year,
intended to capture increases in electric use and housing sizes.

Other Residential sales

Unlike the Residential Basic sub-class, the remainder of the Residential class does not
use econometric methods and instead is forecasted using trend analysis or individual
forecasts for remote communities. Specifically, the Seasonal and Flat Rate Water Heating
sub-classes are forecasted based on analysis of historical trends while Diesel

communities in aggregate are expected to increase at a flat annual rate.

4.4.2 General Service Mass Market

The General Service Mass Market (GSMM) class refers generally to commercial and
industrial consumers served by Manitoba Hydro, excluding the Top Consumers. This class
represents 42% to 43% of total energy sales before adjustments throughout the forecast
period. The GSMM class is further divided into the Small Non-Demand, Small Demand,

Medium, and Large sub-classes.

Manitoba Hydro forecasts sales for the GSMM class based on the product of forecasted
customers and average use, based on econometric modelling. These calculations are

done separately for large and other GSMM customers.

Non-Large GSMM

Manitoba Hydro combines the Small Non-Demand, Small Demand, and Medium
customers (collectively SSM customers) together for forecasting purposes. Manitoba
Hydro forecasts customer counts for the SSM sub-class through an econometric model,
based primarily on historical sales and economic growth, excluding any adjustments for
electric vehicles. The SSM customer forecast model includes the following independent

variables:

e Customers: the number of year-end GSMM customers in each year

e Provincial GDP: the Real Gross Domestic Product for the province of
Manitoba

e Residential Customers: the historical and forecasted number of all
residential customers, based primarily on external forecasts and the end-
use heating model

Results are allocated to each sub-class based on the most recent three-year averages.
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For average use, another econometric model is used, with independent variables as

follows:

e Ln(Price): the real electricity price for Top Consumers, lagged by two years.

e Blended GDP: a blend of Manitoba, Canada, and the United States’ Real
Gross Domestic Product

e Dummy: representing the planning years 1999/2000 through 2005/06
reflecting an anomalous period in which the 750V-30kV class demonstrated
higher than typical energy consumption

Sales for SSM customers are then determined by applying average use values against the

customer count forecast.

Large GSMM
Large GSMM customers are forecasted through a separate econometric model, with the

following independent variables:

e Blended GDP: a blend of Manitoba, Canada, and United States’ Real Gross
Domestic Product

e Residential Customers: the historical and forecasted number of year-end
residential customers, lagged by two years
Large GSMM average use is forecasted using another econometric model, with the

following independent variables:

e Ln(Price): the real electricity price for Top Consumers, lagged by two years.

e Blended GDP: a blend of Manitoba, Canada, and the United States’ Real
Gross Domestic Product

e Dummy: representing the years 1990/00 through 2005/06 in which this
class exhibited anomalously higher levels of consumptions
Sales for the Large GSMM customers are then determined by applying average use

values against the customer count forecast.

4.4.3 General Service Top Consumers

The Top Consumers class refers to the highest consuming customers within Manitoba
Hydro’s customer base. In the 2024 ELF, this class comprised 28 customers across

11 companies and five industry sectors. This class represents approximately 19% to 21%

of total electric sales before adjustments.
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Manitoba Hydro used two forecasting approaches for this class. In the near term,
Manitoba Hydro individually forecasted expected changes in load through market
research and direct conversation with these companies, developing a five-year forecast.
Beyond year five, econometric methods are used to forecast sales in aggregate for these

customers.

Near-term forecast

The near-term Top Consumer sales forecast is developed on the assumption that the
sample of customers in this class remains constant and consumes a relatively steady
amount of energy year-over-year. Generally, this level is defined based on the observed
energy consumption in the year prior to the forecast, producing a flat forecast for each
customer. Any deviations from this flat forecast are based on industry news, company

prospectuses, and direct communications with these customers.

Long-term forecast
Beyond year five, Manitoba Hydro begins using an econometric methodology to forecast
sales for the Top Consumer class. This model utilizes the following independent

variables:

e Price: the real electricity price for Top Consumers, lagged by one year.

e Blended GDP: the blended Real Gross Domestic Product of Manitoba,
Canada, and the United States.

4.4.4 Area & Roadway Lighting

The Area and Roadway Lighting class represents electricity sales for the Sentinel Lighting
(outdoor area lighting) and Street Lighting (roadway lighting) rate groups. This class is
forecasted based on a five year analysis of historical customer and service growth and is

not further adjusted.

4.4.5 Energy Adjustments

In addition to the class-level forecasts described above, Manitoba Hydro also applies
multiple adjustments to its energy forecast to account for emerging trends or
consumption behaviors that cannot be reasonably captured through traditional
forecasting practices. These adjustments account for the impact of electric vehicles,
behind-the-meter generation, and energy efficiency. Manitoba Hydro employs a variety

of methodologies to account for these trends, varying across each adjustment category.
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Electric vehicles

Manitoba Hydro’s forecast for electric vehicle load describes expected sales from Battery
Electric Vehicles (BEV) and Plug-In Hybrid Electric Vehicles (PEV), both of which are
included in the EV forecast. The forecast is primarily based on assumptions regarding the
portion of new car sales that are expected to be EVs, as mandated by policy targets and
influenced by expected consumer behavior. The forecast is then adjusted for expected
retirements of both traditional internal combustion engine (ICE) vehicles as well as EVs
based on typical vehicle lifespans to produce a forecast of EV adoption across Manitoba.
Based on this forecast, Manitoba Hydro estimates the level of energy and capacity
demanded from EVs by applying an expected annual energy usage per electric vehicle.

The EV model begins with a historical review of EV sales to date, relying on data
provided by Manitoba Public Insurance, which is based on vehicle registrations in
Manitoba. This profile describes the number of electric Passenger Vehicles,
Light/Medium/Heavy Duty Trucks, and Buses that have been sold since 2010. For the
2024 ELF, this data was available through calendar year 2023.

Beyond the existing portfolio of EVs registered in Manitoba, Manitoba Hydro estimates
future EV growth as a portion of new vehicle sales, with these factors varying across
each EV type. Manitoba Hydro begins with an analysis of new vehicles sales as a portion
of historical population growth, producing a linear regression of this relationship from
2003 through 2023. This regression is then applied to a forecast of population growth in
Manitoba, provided by Statistics Canada, to produce a forecast of new vehicles sales in

the future.

The forecast of new vehicle sales (including both EVs and ICE vehicles) is then allocated
to each vehicle class. Passenger vehicles are expected to comprise 13.10% of new
vehicle sales throughout the forecast period, based on a five-year average from 2019-
2023. A similar methodology is applied to the remaining vehicle classes. Based on these

allocations, Manitoba Hydro produces a forecast of vehicles sales in each vehicle class.

Manitoba Hydro then projects that a varying portion of these new vehicles will be EVs.
These assumptions are summarized in Figure 4 below. Using these assumptions,
Manitoba Hydro produces a forecast of EV sales for each vehicle class.
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Figure 4. New EV Sales as a Portion of Total Vehicles Sales by Vehicle Class

With this forecast of EV sales, Manitoba Hydro estimates the energy usage associated
with each vehicle type. For EV Passenger Vehicles, Manitoba Hydro assumes that the
average vehicle will drive 15,000 kilometers, based on data provided by Transport
Canada. This distance is then multiplied by the expected energy usage per kilometer
driven, based on data provided by Natural Resources Canada regarding the energy usage
of various EVs.%® These assumptions produce a forecast of energy usage for EV Passenger
Vehicles. Manitoba Hydro follows a similar methodology for each of the remaining

vehicle classes to produce a forecast of energy usage associated with new EV sales.

This forecast is then discounted to account for vehicle retirement. Manitoba Hydro
assumes that each EV, regardless of vehicle class, will be replaced after 14 years of use.
As such, Manitoba Hydro takes the expected number of new EVs added 14 years prior as
the forecast of EV retirements. The net of new EV additions less EV retirements
produces a forecast of net EV additions for each vehicle class with an associated energy

usage.

Finally, Manitoba Hydro aggregates these forecasts to produce a profile of active EVs and

their associated energy usage each year.

66 Usage assumptions are a weighted average based on the various types of electric vehicles registered in
Manitoba and their associated energy usage. This analysis produces an expected annual energy
consumption of 3,225 kWh for each EV Passenger Vehicle.
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Behind-the-Meter generation

The second major energy adjustment is the Behind-the-Meter (BTM) Generation
forecast. This forecast represents the installation of grid-connected solar photovoltaic
(solar PV) technology at customer sites, avoiding consumption of electricity from
Manitoba Hydro. Manitoba Hydro uses a Bass Diffusion model®’ to project the future

uptake of these installations across Manitoba.

This model assumes the total number of potential users (Market Potential), the impact
of external influences on technological adoption (Coefficient of Innovation), and the
impact of word-of-mouth on technological adoption (Coefficient of Imitation). These
assumptions are then put into the model equation to estimate the level of new adopters

each year.

The independent variables are as follows:

“At”: the number of incremental adopters in a given year.

e “p”:the Coefficient of Innovation.

e “q”:the Coefficient of Imitation.

e “M”:the maximum cumulative market potential for adoption.
o “Mt”: the cumulative number of adopters at a given time.

Manitoba Hydro calculated the maximum market potential based on the forecasted
number of Residential Basic and General Service Small/Medium customers in planning
year 2043/44, as produced by the associated models described in prior sections.
Manitoba Hydro assumes that 25% of these customers represent the market capacity of
BTM solar PV adoption.

Given these model parameters and the observed number of historical BTM solar PV
adopters, Manitoba Hydro forecasts the number of customers across the Residential
Basic and General Service Small/Medium classes. Manitoba Hydro assumes that the
average size of such a system is 10 kW, producing approximately 11,680 kWh annually.
With these assumptions defined, Manitoba Hydro produces a forecast of the expected

installed capacity associated with BTM solar PV systems and the associated energy

67 Bass Diffusion models are standard models for predicting adoption of new products or technologies.
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production. Of these savings, approximately 66% are allocated to the Residential Basic

class, with the remainder allocated to the GSMM class.®

Distribution losses

Manitoba Hydro’s energy forecast also includes an adjustment for distribution system
losses. Distribution losses are forecasted based on the five-year average loss percentage
for General Consumers Sales, less Diesel and General Service Large customers. General
Service Large customers do not incur any distribution losses as they are served energy at

a higher voltage, directly from the transmission system.

Transmission losses

The final energy adjustment considers transmission system losses. Transmission losses
represent the energy that is lost transporting energy from generating stations (primarily
in northern Manitoba) to substations, which are generally located closer to where the
energy is consumed by customers (primarily in southern Manitoba). Manitoba Hydro
models these impacts using GSPRO, which is the simulation software package used for
capacity expansion and production costing.

GSPRO uses a calibrated transmission loss function that considers the load on the direct
current (DC) transmission lines. Losses on the alternating current (AC) system are added
to the total losses outside the model. From that modelling, a seasonal relationship
between load and transmission losses is derived for the average of all water flow
conditions. The resulting transmission losses vary depending on the volume of
generation required in the specific block of hours to serve all domestic and export loads.
The relationship separates the total losses resulting from Manitoba domestic load from

the losses resulting from export load.

The model of transmission losses includes existing generation and transmission assets to
determine losses for the entire time horizon. As new generation resources are added to
meet increasing demand throughout the planning horizon, Manitoba Hydro determined
that there is a likelihood that the new generation resource options would be developed
in the southern part of the province closer to most of the domestic load. These new
generation options would significantly reduce the amount of forecasted transmission
losses as the energy produced would not be flowing across the DC system. To ensure
that transmission losses derived solely on load are not overestimated in the later years

of the forecast, a monthly limit on maximum losses is developed using insights from the

68 While the BTM Solar forecast is modelled on General Service Small/Medium customers, the resulting
solar generation is allocated to the entirety of the GSMM class.
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modelling data. This limit on transmission losses varies month by month to limit the

over-estimation of transmission losses in the later years of the forecast period.

4.4.6 Results

The 2024 ELF gross energy forecast was primarily driven by growth in the Residential
Basic and General Service Mass Market sectors, each accounting for ~46% and ~50% of
forecasted sales growth through the forecast period. This corresponds with a ~2%
compound annual growth rate. The gross load was then adjusted by the Efficiency Plan

Projection avoided load discussed in Section 3 above.

Figure 5. 2024 ELF General Consumer Sales including Adjustments excluding
Losses (GWh)

4.4.7 Discussion

The 2024 ELF has multiple key elements that work together to produce a final annual net
load. These elements include multiple econometric models to forecast customers and
average use, forecasts of independent variables, and the reductions in load from the

Efficiency Plan Projection. This section discusses key elements of the 2024 ELF.
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Econometric Modelling

The econometric models used to forecast customers and average use in the 2024 ELF

especially considering the small sample size of that model.

performed well when tested. Looking at standard measures of error, these models
demonstrated coefficients of determination greater than 0.9 and error levels less than
5%, as shown in Table 6 below. While the long-term Top Consumer sales model shows a

higher error level than any other model, we consider this level to be acceptable,

Table 6. Summary Statistics: 2024 ELF Econometric Models
MODEL VARIABLE COEFFICIENT STD. t* P>|t|** MAPE R?
ERROR

Residential Average Use 0.10%  0.995
const 6.0209 0.648 9.293 0
Trend 0.0056 0.001 4.793 0
Log Income 0.3277 0.061 5.37 0
Log Price -0.3014 0.051 -5.904 0
Saturation
of Electric 1.1764 0.538 2.186  0.038
Heat

GS Mass Market SmMed Avg Use 0.30%  0.989
Const 5.7361 0.229 25.046 0
Dummy 0.0412 0.009 4.804 0
Log Cross
RGDP 0.5546 0.02 28.096 0
Log Price -0.1158 0.027 -4.245 0

GS Mass Market Large Avg Use 0.30% 0.955
Const 14.4435 0.226 64.041 0
Dummy 0.0561 0.011 5.209 0
Log Cross
RGDP 0.2448 0.018 13.856 0
Log Price -0.5507 0.052 -10.568 0

Top Consumer PLIL Sales 4%  0.948
constant 3.4772 0.405 8.579 0
Log Cross
RGDP 0.7034 0.035 20.105 0
Log Price -0.8521 0.106 -8.053 0

* t-statistic: The t-statistic represents the ratio of the difference between fitted and observed values, calculated
as the coefficient of the variable divided by the standard error. This statistic represents the number of standard
errors that an estimated coefficient is away from the null hypothesis (that an independent variable has no, or
zero, impact on the dependent variable).

EEd

P-value: Represents the probability that the relationship between an independent variable and the dependent

variable occurs randomly. Values less than 0.05 are typically accepted as "statistically significant," representing
that it is unlikely that the relationship between the independent and dependent variables are by chance.
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As a primary check for model performance, Daymark reviewed each model’s coefficient
of determination (R2). The R? represents the proportion of variation in the dependent
variable that is predictable from the independent variables, providing a measure of
model fit and predictive power. This measure can range from 0, denoting no fit, up to 1,
denoting perfect fit. A well-performing model should target an R? value between 0.8 and
1.0. Typically, economists consider models with an R? less than 0.8 to have poor
predictive power, as they are capturing less than 80% of the variation in the data.
Models with R? values that are exceptionally close to 1.0 may also be causes for concern,
as the model may be overfit to the historical data and be less able to handle future

variability.

In addition to the coefficient of determination, Daymark also examined the mean
absolute percentage error (MAPE), referring to the average difference between
predicted and actual values across the historical data set. MAPE provides an additional
indication of the predictive power and fit of a model. Typically, within the utility industry,
error levels less than 10% are reasonable, with levels below 5% being preferable.

Manitoba Hydro exhibits reasonable R? values across all models. While the Residential
Average Use and GSMM Small/Medium Average Use models are particularly close to 1.0,
their MAPE values exhibit low level of error (less than 5%). Given the fit and error of
these econometric models, we expect them to perform well in the future as they are

currently constructed.

Given the performance of the econometric models in testing, the fact that Manitoba
Hydro has consistently used and improved these models, and that the Electric Load
Forecasts they produce have been reviewed and accepted in other proceedings such as
General Rate Applications, we consider the baseline electric load forecast to be a
reasonable starting point for IRP load scenario modelling.

However, there are instances in which Manitoba Hydro should further review the use of
certain independent variables in future forecasts. Specifically, the use of the internally
generated forecast for the Saturation of Electric Heat may introduce levels of uncertainty
to the forecast that may impact the reliability of Manitoba Hydro’s models. This variable
specifically, and the underlying Electric Heating Market Share model, may not

sufficiently account for some exogenous variables such as incentives and income.

Consider the Saturation of Electric Heat variable in the Residential Average Use model.

This forecast is primarily based on forecasts of Real Natural Gas Prices, Real Electricity
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Prices, and the efficiency of gas furnaces and the resultant impact on Manitoba Hydro’s
forecast of electric heating customers relative to gas heating customers. As a result, any
uncertainties inherent to these forecasts are then compounded within the model used
to generate the Saturation of Electric Heat forecast. Furthermore, the Residential
Average Use model may be overemphasizing the impact of price on customer demand,
as electricity prices are captured twice — directly as a variable in the Residential Average
Use model, and also as a component of the Saturation of Electric Heat model. Manitoba
Hydro could resolve this issue by generating separate electricity demand forecasts for

electric heating and non-electric heating customers.

This Electric Heating Market Share model also assumes that the penetration of electric
heating in new homes is primarily driven by the relative prices of electricity and gas. It
acknowledges that there is a time lag between the point at which gas prices appear to
be relatively high and the increase of electric heating. However, this model may not be
sufficiently considering the impact of factors such as government incentives and
disposable income on the adoption of electric heating, particularly amongst single family
homes. Specifically, as the real value of tax rebates or other incentives to adopt electric
heating technologies increases, one would expect a higher rate of adoption of electric
heating in new homes. Similarly, as disposable incomes increase, the relative burden of
installing new electric heating systems decreases, potentially increasing the adoption of
electric heating in new homes. Manitoba Hydro should test the impact of these variables
in future testing cycles.

As it stands, the Residential Average Use model performs reasonably well. However,
while the Saturation of Electric Heat variable remains statistically significant within the
regression, it is the least significant variable in the model. Further refinement of this
model and the use of this variable in the Residential Average Use model should be
explored in the future.

Customer-specific modelling

Manitoba Hydro uses customer-level modelling within its Top Consumers class to
produce a five-year forecast that is based on industry news, company prospectuses, and
direct communication with these customers. For customer groups with small sample
sizes, potentially high demand, and variable consumption patterns, using customer-level
data is an appropriate methodology, as econometric methods are generally unsuitable in

these circumstances, particularly in the near term. Leveraging market intelligence and
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direct communication with these customers allows for near-term forecasts to better

reflect expected consumption in the near term.

Acknowledging the use of this methodology in prior proceedings, the general structure

of this approach is reasonable for the purposes of the IRP.

End-use modelling

Manitoba Hydro uses end-use modelling approaches in its Residential Basic Average Use
forecast in the 2024 ELF to estimate the number of customers that are expected to use
electric as opposed to non-electric heating. This is used to develop the “Saturation of

Electric Heating Variable.”

In general, the surveys, forecasts, and assumptions used in this Space Heating model
appear reasonable. For example, historical assumptions for the specific heating
technologies used by Manitobans are based on survey data. The replacement rate of
heating technologies was estimated using Weibull distribution, which is commonly used
to model the failure rates of various technologies. Given the consideration of this
methodology in prior proceedings, this approach is reasonable for the purposes of the
IRP.

However, this approach may be unnecessarily rigorous for its ultimate end use, as it
requires Manitoba Hydro to regularly conduct extensive customer surveys to understand
the changing usage characteristics of Manitobans. These surveys must then be
integrated into the Space Heating and Water Heating models to produce a single
customer forecast. Manitoba Hydro should consider whether using econometric

methods could serve as a more efficient means of approaching this issue.

This note notwithstanding, no modifications are necessary in the context of the current
proceeding. Improvements or modifications to the utilization of end-use forecasting

practices should be revisited in future proceedings as appropriate.

Forecast matching

For the Residential Basic Customer forecast, Manitoba Hydro matches forecasted
Residential Basic customer growth with forecasted growth in the population of
Manitoba. However, it is unclear whether provincial population growth sufficiently
matches Residential Customer Growth. As shown in Figure 6 below, while annual growth
rates between the two variables are likely correlated, they are not identical. The
assumption that customers will grow at the same rate as the population may fail to
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appropriately forecast growth in the Residential Basic class. Manitoba Hydro should

consider applying econometric forecasting methods to this class.

Figure 6. Historical Annual Population Growth vs. Annual Residential Customer
Growth

It is uncertain whether the current forecast structure has negatively impacted the
accuracy of the Residential Basic Sales forecast. As Manitoba Hydro explores
econometric models for this forecast component, they should also analyze the historical
accuracy of the current model approach.

Electric vehicle adjustment

Manitoba Hydro’s Electric Vehicle adjustment is a generally reasonable approach to
forecasting the growth of electric vehicle adoption throughout the province for the
purposes of the IRP. In particular, the approach of estimating electric vehicle adoption as
a share of total vehicle sales allows Manitoba Hydro to align this forecast with expected
population growth and typical vehicle purchasing behavior.

As with any model, the Electric Vehicle forecast is highly sensitive to its assumptions,
particularly those regarding the portion of new vehicle sales that are expected to be
electric vehicles. Currently, forecasted adoption rates are primarily driven by federal
policy, rather than reflecting the expected level of sales based on customer behavior. As
such, the current forecast may be overestimating the load associated with electric

vehicles.
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At the time the 2024 ELF was constructed, federal targets prescribed a rate of EV sales
across new vehicle sales that are higher than those assumed by Manitoba Hydro, as
shown in Figure 7 below. Federal targets were revised in 2026 based on updated policy,
also reflected in this figure. Manitoba Hydro’s assumptions for EV adoption remain lower
than federal targets, reflecting a more conservative estimate for adoption, while still

expecting that Manitoba meets these targets in the long term.

Figure 7. Regulated Federal Sales Targets for Light Duty Vehicles relative to
Manitoba Assumptions”

Despite Manitoba Hydro’s more conservative approach relative to federal targets, the
assumptions in the model may still reflect a higher rate of adoption than what is
reflected in current consumer choices. While EV sales continue to increase across
Canada, actual adoption has lagged federal targets by a significant margin. As of 2025,
EVs as a share of new light-duty vehicles had only reached 10% across Canada.”* To
reach the 20% target in 2026, EV sales would need to increase sharply. While Canada

69 Government of Canada’s new auto strategy released, February 18 2026
https://www.canada.ca/en/employment-social-development/news/2026/02/government-of-canadas-
new-auto-strategy.html

70 Based on data provided in https://www.canada.ca/en/environment-climate-
change/news/2023/12/canadas-electric-vehicle-availability-standard-regulated-targets-for-zero-
emission-vehicles.html

71 ZEV Council Dashboard, inclusive through September 2025 https://tc.canada.ca/en/road-
transportation/innovative-technologies/zero-emission-vehicles/zev-council-dashboard
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reintroduced rebates for EV purchases in 2026,72 the extent to which these rebates will

support Manitoba in achieving federal policy targets for EV adoption is not yet clear.

In general, the current EV forecast assumes future customer purchasing behavior that
has not yet been demonstrated in the market, and thus the EV forecast may
overestimate adoption, based on current trends. In effect, the current EV forecast
functions more as an alternate scenario in which Manitoba achieves all policy targets,
rather than functioning as a “reference” forecast that reflects expectations based on
current trends in consumer behavior. In future forecasts, Manitoba Hydro should
consider shifting its paradigm on the Electric Vehicle adjustment to better reflect current
trends in consumer behavior, such that the adjustment only adds forecasted energy and

capacity needs associated with expected levels of adoption.

BTM solar

Manitoba Hydro’s BTM Solar adjustment is a generally reasonable approach for
estimating the impacts of customer-sited generation and storage. In particular, Bass
Diffusion models are well-suited for estimating the adoption of novel technologies. For
the purposes of the IRP, which is focused on longer-term planning, this approach is
sufficient unless significant errors are identified in the future.

4.5 Base Electric Peak Demand Forecast

Manitoba Hydro used an hourly load profile methodology in developing its 2024 ELF
Peak Load Forecast. Based on five years of historical data collected through a detailed
analysis of metered load, Manitoba Hydro applied a rank-and-average approach to
identify each class’s contribution to system peak across 8,760 hours, accounting for
weekend impacts and time of day impacts.”® This methodology is a departure from the
methodology used in prior forecast vintages, offering a more granular analysis of
customer consumption profiles, allowing for more detailed understanding of peak

impacts.

The peak forecast begins with an analysis of customer consumption patterns collected
from 1,500 meters throughout Manitoba. A summary of the types of customers

surveyed is provided in Table 7 below. Metered load covered the Residential, General

72 Government of Canada’s Electric Vehicle Affordability Program https://tc.canada.ca/en/road-
transportation/innovative-technologies/electric-vehicles/electric-vehicle-affordability-program-evap

73 For the purposes of hourly load shapes, Hydro excluded February 29t across all leap years. This is in
line with typical utility practice when calculating hourly load profiles.
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Service Mass Market, and General Service Top Consumers classes, covering more than
90% of the load on the grid.

Table 7. Population Statistics for 2024 ELF Load Research Study

TOTAL TOTAL ANNUAL

RATE CLASS SAMPLE COUNT ACCOUNTS USAGE (KWH)
General Service Large >100kV 21 21 3,681,831,886
General Service Large 30kV to 100 kV 45 45 1,901,846,155
General Service Large 750V to 30 kV 236 371 1,763,606,397
General Service Medium 247 2,178 3,095,085,926
General Service Small Demand 168 14,312 2,154,816,764
General Service Small Non-Demand 189 54,225 1,761,695,630
Residential Electric Heat 203 196,408 4,492,185,872
Residential Other Heat 151 323,168 3,609,018,517
Miscellaneous 0 0 1,380,947,609
Total 1,260 590,728  23,841,034,756

For certain classes lacking meter data in the Load Research Study, Manitoba Hydro used
alternative estimation approaches. For the Street and Area Lighting class, Manitoba
Hydro estimated load profiles based on sunset and sunrise times, the expected
consumptions of each lighting fixture, and the number of lighting fixtures deployed
based on billing records. For BTM solar, load profiles were based on a 2023 survey of
solar PV systems in Manitoba.” For the remaining classes and adjustments, including

the Electric Vehicle adjustment, this process is not clearly documented.

Given load data from a sample of customers, Manitoba Hydro applied a rank-and-
average approach to generate load shapes for each class. This methodology separates
hourly load data from each class into nine blocks and determines each hour of the year’s
relative contribution to peak load within each block. Given this relative ranking, an
average across five years of data is calculated. Further detail on this approach is
provided in the Load Research Report.

74 Manitoba Hydro (2023), Solar PV Generation Performance Load Research Study -
https://www.hydro.mb.ca/docs/resources/solar_pv generation performance load research study.p
df
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For certain weather-sensitive classes, Manitoba Hydro also examined the impact of
weather on peak load contributions based on econometric analyses of the relationship
between energy usage, time of day, and weather. These adjustments were applied to the
General Service Medium, General Service Small Demand, General Service Small Non-
Demand, Residential Electric Heat, and Residential Other classes as well as the broader

Common Bus forecast.

Given load shapes for each class, with each hour representing a percentage of annual
load consumed, Manitoba Hydro produced an hourly load forecast. This process consists
of taking the energy forecasts of each class and applying the load shapes to the annual
energy forecasts. Based on the annual peak of the Common Bus forecast, class-level

coincident peaks are determined.

4.5.1 Results
The 2024 ELF peak demand forecast is presented in Figure 8 below, growing at a

compound annual growth rate of 1.46%.

Figure 8. 2024 ELF Peak Demand Forecast

4.5.2 Discussion
Manitoba Hydro’s approach to peak load forecasting is generally reasonable and aligned
with typical utility practices. The rank and averaging approach to hourly average load

forecasting, with the inclusion of weather impacts on particularly weather-sensitive
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classes, generates a granular profile of customer consumption based on recent history.
Particularly acknowledging the impact of climate change on system peaking behavior,

this time frame of analysis ensures that Manitoba Hydro is planning for recent trends.

The 2024 ELF debuted this approach to peak load forecasting, with Manitoba Hydro
previously using an average Winter season load factor to predict future peaks. To
evaluate the performance of the current hourly load profile approach, Manitoba Hydro
will require additional years of data to evaluate the level of error and identify any
sources of error if applicable. Acknowledging that more history will be needed to ensure
that this change is leading to better results, the new peak forecast approach is a

reasonable methodology that is appropriate for forecasting peak demand.

4.6 Base Natural Gas Volume Forecast

Manitoba Hydro employs a variety of techniques to produce its Customer, Average Use,
and Total Volumes Sales forecasts. These techniques include econometric regressions,
end-use modelling, individual customer forecasts, and historical trend analysis. The

selected methodology varies depending on the class or forecast component.
First, Manitoba Hydro separates its gas customer base into the following classes:

e Small General Service Class (SGS), further subdivided into:
a. SGS Residential (SRES) and
b. SGS Small Commercial (SCOM).

e large General Service (LGS), referring to medium-sized commercial and
industrial customers with a few large residential customers consuming
between 15,000 and 680,000 m?,

e Top Consumers, further subdivided into:

a. High Volume Firm (HVF), generally referring to commercial and industrial
customers consuming more than 680,000 m? annually,

b. Mainline Firm (MLF), referring to high-volume commercial and industrial
customers, which are served directly from the transmission system or
through dedicated distribution facilities at high pressure, and

c. Interruptible (INT), referring to high-volume customers that allow their
service to be interrupted upon notice.

e Special Rates, further subdivided into:
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a. Power Stations (PS), referring to

and

b. Special Contracts (SPEC), referring to-

Each of these classes are assigned to one of the following four billing groups:

9a

1. Quarterly Rate billing, for whom gas rates are set every three months,

2. Fixed Rate billing, for whom gas rates are fixed for 1-year, 3-year, or 5-year
contracts,

3. Western Transportation Service (WTS), for whom Manitoba Hydro only bills the
primary gas portion of customer’s consumption on behalf of the broker, and

4. Transportation Service (T-Service), referring to customers who arrange for supply
and delivery of gas themselves.
Manitoba Hydro forecasts gas needs for each class separately, at times forecasting on a
sub-class level. For certain classes with few customers, Manitoba Hydro forecasts total
volume sales, otherwise utilizing a customer and average use structure to forecast gas
volume sales. Once these results are aggregated, Manitoba Hydro applies adjustments

for weather, if applicable, and demand response and energy efficiency.

4.6.1 SGS Residential

The SGS Residential class comprises non-multi-family residential customers requiring gas
service throughout the year, identified as “SGS Residential Basic.” Certain residential
customers, including large users like multi-family apartment complexes, are captured in

other classes.

The SGS Residential Basic Customer forecast is largely based on Manitoba Hydro’s
forecast of Key Economic and Financial Indicators using the same Space Heating and
Water Heating models presented in the Residential Basic class of the 2024 ELF, discussed
in Section 4.4.1. Manitoba Hydro then forecasts gas volume sales directly through the
end-use models with various assumptions regarding the expected energy usage of

various heating systems based on survey data.

4.6.2 SGS Commercial and Large General Service
The SGS Commercial and Large General Service classes refer to various commercial and
industrial customers consuming less than 680,000 m? of natural gas annually and some

large residential dwellings and multi-family homes. Manitoba Hydro forecasts the SCOM
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and LGS classes in aggregate, applying a customer and average use forecast structure

through econometric methods as well as historical trend analysis.

The customer forecast for this class is exclusively based on the forecasted number of
customers in the electric General Service Mass Market class. The resulting number of

customers is allocated to the SCOM and LGS classes based on historical trends.

The average use forecast is considered separately for the SCOM and LGS classes, based
on the structure of the classes. The average use per customer is set constant at the

three-year average historical consumption of each class.

Manitoba Hydro multiplies the allocated customer forecasts by the average use

assumptions to produce an annual energy forecast for the SCOM and LGS classes.

4.6.3 Top Consumers
The gas Top Consumers forecast is prepared on an individual customer basis and has a
monthly granularity. Manitoba Hydro analyzes historical usage for each of these

customers, adjusted for standard heating values and historical weather.

For customers with relatively flat monthly consumption over the prior three-year period,
Manitoba Hydro averages monthly consumption data to inform future consumption. For
customers with a clear trend in monthly consumption, whether increasing or decreasing,
Manitoba Hydro used the average of either the final year or final two years of average

monthly consumption to inform future consumption.

Manitoba Hydro initially develops a three-year forecast for each customer. The
forecasted consumption in the third year of the forecast is then held constant into the

future.

4.6.4 Results

Manitoba Hydro typically reports gas volumes on a billing basis. However, this forecast is
developed on a class basis and later apportioned to these billing rates. The class level
forecast is summarized in Figure 9 below showing a_ in demand for natural

gas at approximately- compounded annually._
of forecasted volumes in-.

9a
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Figure 9. Gas Volume Class Level Forecast

The gas volume forecast _ throughout the forecast
Table 8 below. Acknowledging that_
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Table 8. Drivers of Gas Volume Decline in 2033/34

FISCAL YEAR CUMULATIVE GROWTH GROWTH SHARE (%)
(THOUSAND m3)

4.6.5 Discussion

The Natural Gas Volume Forecast uses a variety of forecasting techniques, including
econometric modelling, trend analysis, customer-specific forecasting, and some

adjustments. This section discusses each element of the 2024 NGVF.

End-use modelling

In general, Manitoba Hydro’s utilization of end-use modelling to forecast residential gas
volumes is reasonable. As discussed in the review of the 2024 ELF, the Space Heating
and Water Heating models are based on historical survey data, reasonable modelling
assumptions regarding technological life of heating systems, and logistic regression to

determine the rate of electric versus gas heating in new builds.

However, as discussed in the review of the 2024 ELF, Daymark identified concerns with
the construction of the logistic regression forecasting the rate of electric heating
adoption. Additionally, the end-use models appear to be rigorous modelling exercises

that require regularly updated survey data to maintain model accuracy.

While there are no clear issues with the performance of these models, econometric
methods might offer more efficient means of reaching the same result by avoiding the
need for repeated surveys, input data, and model upkeep between iterations. Manitoba

Hydro should consider econometric methods of forecasting customers and average use.
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Trend analysis

Manitoba Hydro’s use of historical trend analysis is reasonable for its current uses in the
2024 NGVF. For the Small Commercial and Large General Services classes, Manitoba
Hydro uses the three-year average of historical consumption for each of these classes to
set forecasted average use trends. Similarly, Manitoba Hydro uses historical trends to
apportion the econometrically forecasted number of customers between these classes,

which are forecasted in aggregate.

Trend analysis for the average use forecasts of these classes is reasonable due to the

structure of the forecasts. Since customers are allocated to these classes based on their
consumption levels, average consumption within these classes remains relatively stable
over time. Since 2015, average consumption levels have shown less than 10% variability

relative to forecasted consumption levels in the 2024 NGVF.

Regarding the apportionment of the econometrically forecasted SCOM and LGS
customers based on historical trends, there are no immediate concerns with this
approach at this time. However, it is unclear if Manitoba Hydro has tested separate
econometric models for these classes. Acknowledging that Manitoba Hydro
differentiates in the average consumption levels of these classes for forecasting
purposes, a similar approach may be warranted for consistency. In the future, Manitoba

Hydro should test separate econometric models for each of these classes, rather than

Econometric modelling

As discussed in the previous section, Manitoba Hydro uses a single econometric model
in its gas forecast, for the General Service Gas customer count forecast. Summary
statistics for this model are presented in Table 9 below. This forecast estimates the
number of Small General Service and Large General Service customers. Notwithstanding
the discussion of separating this model to account for each class separately in the
section above, there are no significant concerns regarding the use of econometric

modelling in the 2024 NGVF, particularly given the performance of this model.
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Table 9. Summary Statistics: 2024 NGVF Econometric Model
MODEL VARIABLE COEFFICIENT  STD. ERROR t P>|t] MAPE RA2
Small Commercial & Large General Service Gas Customers 1.83% 0.995

Const - 802.12 (10.25)  0.00

GSMM Customer Count 0.01 3.13 0.00

Customer-specific modelling

Manitoba Hydro’s approach to customer-specific modelling in the 2024 NGVF is
reasonable for the purposes of IRP modelling. For a customer class with a small sample
size and variable usage patterns over time at potentially large volumes, there is higher

inherent uncertainty to consumption requiring individual consideration of customer

needs. For the purposes of the IRP, this approach is reasonable.

— o

mirroring the structural approach in the 2024 ELF for Top Consumers, constructing a
customer-specific model in the near-term while using econometric models to forecast

long-term growth trends.

4.7 Observations and Recommendations Regarding the Base
Forecasts
The combination of the energy and demand results from the 2024 ELF and the natural
gas volume results from the 2024 NGVF serve as the baseline case for construction of
the IRP scenarios. Prior to consideration of potential changes in energy policy, these
forecasts represent Manitoba Hydro’s “best estimate of future electricity requirements
under normal weather assumptions with an expectation of a 50% chance that the
weather normalized actual growth will be higher than the forecast and a 50% chance

that the weather normalized actual growth will be lower than the forecast under the

Independent Expert Consultant Report: Manitoba Hydro’s 2025 Integrated Resource Plan



DAYMARK

ENERGY ADVISORS
APRIL 24, 2026

forecast with the assumptions that existing energy policies would remain in place for the

duration of the forecast period.””®

With respect to each component of the baseline forecast, Daymark offers the following

observations and recommendations.

4.7.1 2024 Natural Gas Volume Forecast
Manitoba Hydro’s approach to the 2024 NGVF is generally reasonable, using broadly

accepted methodologies to forecast demand for natural gas. Acknowledging prior review
of these forecasting approaches in multiple proceedings, this is a reasonable starting
point for the 2025 IRP. However, there are aspects of this forecast that require further

consideration.
1. Re-examine the use of end-use modelling approaches in the Residential Gas model

Manitoba Hydro currently uses end-use modelling approaches to forecast total gas
volumes in the Residential class. As discussed in the 2024 ELF, it is unclear that the level
of effort necessary to develop these models is necessarily the most efficient means of
producing a reasonable forecast. However, this does not necessarily suggest that the
current modelling approach necessarily introduces any potential for mis-estimation of

load.

Manitoba Hydro should consider the use of econometric methods to forecast Residential
gas volumes. Manitoba Hydro may determine that the current end-use structure is a
path toward developing statistically adjusted end-use models, which is a reasonable
path forward. However, this consideration should be made more explicitly.

2. Consider the use of separate econometric models for the Small Commercial and
Large General Service customer forecasts

Manitoba Hydro should consider breaking the aggregate customer forecast model for
the SCOM and LGS classes into two constituent forecasts. Currently, Manitoba Hydro
uses different average use assumptions for each class. However, the customer forecast
for each of these classes is a simple apportionment of econometric results from the
aggregate customer model. This apportioning approach introduces potential
uncertainties in these customer forecasts, by potentially failing to account for the impact
of economic factors on the customer growth rates in these classes.

75 Manitoba Hydro Fiscal 2026 to 2028 General Rate Application, Appendix 4.1, p. 43.
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3. Consider the use of econometric modelling for long-term forecasting of Top

Consumer gas volumes

Manitoba Hydro should consider implementing a long-term econometric forecast for the
Top Consumer class, mirroring the structure in the 2024 ELF. Currently, the long-term
forecast of gas volumes in this class depends entirely on market intelligence and
customer interviews. However, economic factors, government policy, or other potential

omitted variables may also impact long-term growth in this class.

4.7.2 2024 Electric Load Forecast

Generally, the 2024 ELF is reasonably constructed and appropriate for its purpose.
Manitoba Hydro utilizes broadly accepted methodologies to forecast energy growth that
serve as a reasonable starting point for the 2025 IRP. However, there are aspects of the

2024 ELF that could suggest consideration for future electric load forecast analysis.

1. Re-examine use of internal forecasts as inputs to the Residential Basic Average Use

model

Manitoba Hydro’s use of the Electric Heating Market Share model to forecast the
adoption of electric heating in new homes is a reasonable approach toward
apportioning the customer forecast across electric and gas heating customers. However,
using the results of this forecast to partially inform the Residential Average Use model

may compound forecasting uncertainty.

Manitoba Hydro should examine potential modifications to its forecasting approach that
would avoid the use of internal forecasting models as inputs to other models. A possible
solution is to separate the electric heating and gas heating customer groups, allowing for
individual econometric models. This construction would avoid the need for a variable

that forecasts the relative share of electric heating to non-electric heating.
2. Test the impact of additional variables in Electric Heating Market Share Model

Assuming continued use of the Saturation of Electric Heat variable in the Residential
Average Use Model, Manitoba Hydro should evaluate the impact of additional variables
in the Electric Heating Market Share model. Specifically, Manitoba Hydro should
consider how the cost of electric heating systems, government incentives, and
disposable income impact the adoption of electric heating systems in new builds.
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3. Consider the use of econometric methods in the Residential Basic Customer forecast

Manitoba Hydro should consider applying econometric methods to forecast Residential
customer growth. Currently, Manitoba Hydro assumes that future growth of Residential
customers will match the growth of the larger population of Manitoba. While population
growth is likely a significant predictor of customer growth, there are various economic
factors that may also influence customer growth. Manitoba Hydro should test an
econometric model for this sector in the future. This approach may also obviate the

need for an end-use modelling approach, intersecting with Recommendation #1 above.

4. Re-examine the use of internal forecasts as inputs into the GSMM customer
forecasts

Manitoba Hydro should attempt to avoid using the Residential Customer forecasts as an
input into the GSMM customer forecasts, electing to use third-party data if available.
Currently, uncertainties and structural issues in the Residential Customer forecast model
are compounded when included as an input into the GSMM customer models. Manitoba
Hydro could resolve this issue by replacing the Residential Customer variable with a
population variable. Acknowledging the reasonable performance of these models, this
issue is not an immediate priority but should be examined prior to the filing of future

load forecasts.

5. Consider alternative methods to generate expected adoption rates of Electric
Vehicles

Manitoba Hydro should better document the process used to generate the assumptions
regarding the forecast adoption rate of electric vehicles amongst new vehicles sales. As a
part of this process, Manitoba Hydro should also shift the paradigm of the EV model to
reflect the evolution of current consumer purchasing trends, rather than managing a

path to meeting federal mandates.

Currently, Manitoba Hydro provides a set of adoption assumptions for EV adoption rates
across various vehicle types, demonstrated in Table 14. However, it is unclear exactly
how Manitoba Hydro generated these assumptions, nor why they change at the rates
assumed over time. In the future, this process should be more clearly documented in
Manitoba Hydro’s regulatory filings.

This lack of clarity notwithstanding, it is clear that Manitoba Hydro was developing paths
to meeting federal mandates for EV vehicles sales at the time of constructing the 2024
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ELF, though at a slower rate than federally mandated. The underlying assumption in this
approach is that Manitoba will be successful in meeting these targets. While it is likely
that EV sales will continue to grow, it is unclear that Manitoba Hydro’s assumed rate of

adoption will reflect current consumer behavior.

As such, Manitoba Hydro might be better served in its baseline forecast to forecast the
expected level of EV sales based on current trends. This approach could include methods
such as econometric forecasting, a Bass Diffusion model, or other approaches for

estimating the adoption of Electric Vehicles.
6. Include more rigorous reporting of forecast errors and performance

Currently, Manitoba Hydro does not report the error rates of the energy and peak
demand forecasts it produces. Typically, utilities file the error rate of each load forecast
vintage over time, allowing regulators and intervenors to examine deficiencies in any
specific forecast vintage or to identify any exogenous events that would impact the
forecast. In future forecast filings, Manitoba Hydro should report the error of the energy
peak demand forecasts, with the time period of this reporting contingent upon the time

between regulatory filings.

4.8 IRP Load Projections

As discussed above, Manitoba Hydro utilized the 2024 Electric Load Forecast and 2024
Natural Gas Volume Forecast as the basis for producing the three load projections used
in the IRP. This section discusses the process Manitoba Hydro used to produce the

projections.

4.8.1 Load Projections

The IRP load projections were created by modifying input variables within the basic
forecast structure to produce a range of potential load forecasts as three separate
scenarios. These scenarios define both a low-end and high-end level of energy and load
for Manitoba, along with a “Medium” scenario that serves as a moderation of these two

bookends. The intent of each scenario is outlined below:

Load Projection 1 — Baseline

The “Baseline” projection represents a “Low Economic Growth” scenario. In it, Manitoba
Hydro assumes minimal changes from current policies and customer decisions, except
for an assumption of slightly lower growth across economic indicators such as

population and economic growth. In this projection, Manitoba Hydro continues to
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assume the use of natural gas without restriction, limited industrial development and

associated decarbonization, and no use of negative GHG emissions technologies.

Relative to the 2024 ELF, Manitoba Hydro continues to use similar assumptions.
Underlying input data is updated for the latest (at the time) vintage of data available,

except for economic growth forecasts.

Load Projection 2 — Medium
The Medium load projection was created by making multiple assumptions that differ

from the status quo, while assuming an “average” level of economic growth:

e The use of natural gas resources will only be used “strategically” to mitigate
peak load conditions, as opposed to being used as baseload resources for
power generation.

e Industrial economic growth will be higher than the status quo.

o Higher levels of industrial economic growth will produce higher electricity
demand from these customers, as well as additional loads attached to
industrial decarbonization efforts.

e The economy will achieve net-zero emissions by 2050.
The Medium projection is the load scenario that ultimately informs Manitoba
Hydro’s capacity resource planning level, as the “IRP Build-Out Target” was based on

Load Projection 2 peak demand beginning in 2030 (see Section 7.9 for additional

discussion regarding the build-out target).

Load Projection 3 — High
The High projection is the most aggressive load projection, introducing higher levels of
economic growth, further restrictions of natural gas use, and higher levels of industrial

economic growth and decarbonization relative to the Medium projection.

4.8.2 Scenario Methodology
Manitoba Hydro provides an explanation of the various drivers that are being changed

across the three projections, as reproduced in Figure 10 below for ease of reference.
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Figure 10. Summary of Key Variables for 2025 IRP Load Projections’®

In each of these projections, Manitoba Hydro modified input assumption to represent
varying levels of growth, corresponding with the objective of each projection. The

modifications to these input assumptions are described in the sections below.

Economic growth factors
For the three IRP load projections, Manitoba Hydro adjusted several economic factors.
Table 10 below describes these assumptions and presents the long-term assumptions

for these three economic indicators.

Table 10.  Summary of Reported Long-Term Economic Growth Assumptions (%
Compound Annual Growth)”’

VARIABLE BASELINE MEDIUM HIGH
Real GDP Growth 1.52% 1.77% 2.22%
Population Growth 1.0% 1.06% 1.24%
Income Growth 3.29% 3.74% 4.34%

76 |IRP, Appendix 5, p. 15.
77 Recreated from IRP Appendix 5, Load Projections, p. 16, Table A5.2.
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Manitoba Hydro’s approach to generating these assumptions is to analyze growth rates
of these variables in 13 prior forecast vintages to create a range of expected growth
rates. As such, Manitoba Hydro examines the minimum, average, and maximum growth

rates observed in these forecast vintages across various time periods.

This approach is applied across three forecast periods: 5-year, 20-year, and beyond.
Selection of growth rates used for the first 20 years uses the following methodology:

e The growth assumptions in the first five years of each load projection
represent the minimum, average, and maximum growth rates identified in
the first five years of the 13 prior forecast vintages, allocated to the
Baseline, Medium, and High projections, respectively.

e Forecast years six through 20 apply the 20-year minimum, average, and
maximum growth rates identified in prior forecast vintages.

In general, the near-term growth rates (forecast years one through five) are higher than
the long-term growth assumptions (forecast years six through 20). Furthermore, the
final growth assumptions used in each model vary slightly from those reported in IRP

Appendix 5. These growth assumptions are summarized in Table 11 below.

Table 11.  Summary of Modelled Economic Growth Assumptions (% Compound
Annual Growth)

VARIABLE BASELINE MEDIUM HIGH

Forecast Years 1-5

Manitoba Real GDP 1.53% 2.04% 2.58%
Canada Real GDP 1.76% 2.02% 2.58%
US Real GDP 1.83% 2.21% 2.71%
Population Growth 1.05% 1.17% 1.33%
Income Growth 3.23% 3.74% 4.36%

Forecast Years 6-20

Manitoba Real GDP 1.53% 1.68% 2.06%
Canada Real GDP 1.76% 1.81% 1.97%
US Real GDP 1.83% 2.08% 2.41%
Population Growth 1.05% 1.02% 1.20%
Income Growth 3.23% 3.74% 4.34%
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However, there are instances in which Manitoba Hydro’s actual assumptions diverge
from those summarized here. For example, in the High load projection, the near-term
growth assumption extends into forecast year six, rather than just covering the first five

years of the forecast. Further divergences are discussed in the sections below.

Energy prices

Energy prices across the three projections are based on assumptions regarding expected
nominal rate increases and varying inflation assumptions. These assumptions are
summarized in Table 12 below. Note that nominal gas price assumptions end abruptly in
planning year 2043/44; it is not immediately clear how Manitoba Hydro addresses gas
price forecasting beyond this period.
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Table 12. Summary of Forecasted Energy Prices
VARIABLE NOMINAL NOMINAL GAS CPI (2002 = 100)
ELECTRICITY PRICES PRICES
(CENTS/kWh) ($/m3)
Year Baseline Medium/ | Baseline Medium/ | Baseline Medium High
High High
2024/25 9.68 9.68 149.19 162.12 162.35
2025/26 10.02 10.02 151.88 165.35 165.82
2026/27 10.37 10.37 154.62 168.64 169.36
2027/28 10.74 10.74 157.41 172.00 172.98
2028/29 11.11 11.11 160.25 175.43 176.68
2029/30 11.50 11.50 163.15 178.95 180.46
2030/31 11.90 11.90 165.95 182.53 184.36
2031/32 12.14 12.32 168.80 186.19 188.34
2032/33 12.38 12.75 171.70 189.93 192.40 :Z &
2033/34 12.63 13.20 174.65 193.73 196.56
2034/35 12.88 13.66 177.66 197.62 200.80
2035/36 13.14 14.14 180.71 201.58 205.13
2036/37 13.40 14.63 183.81 205.62 209.56
2037/38 13.67 15.14 186.97 209.74 214.09
2038/39 13.95 15.67 190.19 213.95 218.71
2039/40 14.22 16.22 193.46 218.23 223.43
2040/41 14.51 16.79 196.78 222.61 228.26
2041/42 14.80 17.38 200.16 227.07 233.18
2042/43 15.10 17.99 203.60 231.62 238.22
2043/44 15.40 18.62 207.10 236.27 243.36
2044/45 15.71 19.27 210.71 241.00 248.60
2045/46 16.02 19.94 214.38 245.82 253.96
2046/47 16.34 20.64 218.11 250.74 259.43
2047/48 16.67 21.36 22191 255.76 265.01
2048/49 17.00 2211 225.77 260.88 270.72
2049/50 17.34 22.88 229.71 266.11 276.55
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EV adoption

Electric vehicle adoption is one of the most impactful external adjustments to Manitoba
Hydro’s forecast of load growth across each projection. Across the three IRP scenarios,
Manitoba Hydro primarily adjusts the forecast of new vehicles sales, based on
population forecasts, and the adoption rate of electric vehicles. In the Medium and High
load projection, a portion of forecasted EV load is expected to be served by hydrogen

fuel cell vehicles.

First, each scenario applies the growth rates presented Table 11 above to the population
forecast used in the EV model. Based on these population forecasts, historical
population growth, and the historical record of vehicle sales, Manitoba Hydro applies a
simple linear trend to develop varying forecasts of future vehicles sales. These
population growth rates are summarized in Table 13 below.

Table 13. Population Growth Assumptions for EV Model (CAGR)

2025/26 - 2030/31 -
SCENARIO 2024/25 2029/30 2043/44  2044/45 +

Baseline 1.05% 0.85% 1.05% 0.99%
Medium 1.17% 1.17% 1.02% 1.05%
High 1.33% 1.33% 1.20% 1.24%
2024 ELF* 1.70% 1.04% 1.05% 1.09%

*Note: Represents compound annual growth rates (CAGR) for this
period. 2024 ELF used third-party forecasts, hence annual growth
rates varied from year to year

Given these alternate population assumptions, Manitoba Hydro runs the EV model as
structured in the 2024 ELF to produce a forecast of new vehicle sales across each vehicle
type. The portion of total annual new vehicles sales attributable to EVs and Hydrogen
vehicles across each scenario are modified in each scenario. The assumptions for EV
adoption are summarized in Table 14, compared to the assumptions used in the 2024
ELF. Notably, the assumptions used in the 2024 ELF are most closely aligned with the

“Baseline” scenario.
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Table 14. EV Adoption Assumptions by Scenario and Vehicle Type (% of annual
new vehicle sales)

SCENARIO  VEHICLE TYPE 2024/25 2029/30 2034/35 2039/40 2044/45 2049/50
Passenger 13% 18% 100% 100% 100% 100%
Light Duty Truck 1% 8% 100% 100% 100% 100%
Baseline Medium Duty Truck 1% 13% 25% 40% 60% 80%
Heavy Duty Truck 0% 5% 10% 15% 33% 50%
Bus 8% 20% 40% 63% 86% 100%
Passenger 13% 39% 100% 100% 100% 100%
Light Duty Truck 4% 34% 100% 100% 100% 100%
Medium Medium Duty Truck 1% 13% 25% 70% 80% 90%
Heavy Duty Truck 0% 9% 18% 58% 66% 75%
Bus 8% 20% 40% 63% 86% 100%
Passenger 13% 60% 100% 100% 100% 100%
Light Duty Truck 4% 60% 100% 100% 100% 100%
High Medium Duty Truck 1% 13% 25% 100% 100% 100%
Heavy Duty Truck 0% 13% 25% 100% 100% 100%
Bus 8% 20% 40% 63% 86% 100%
Passenger 13% 18% 75% 100% 100% 100%
Light Duty Truck 1% 8% 50% 75% 100% 100%
2024 ELF Medium Duty Truck 1% 13% 25% 40% 70% 100%
Heavy Duty Truck 0% 5% 10% 15% 58% 100%
Bus 8% 20% 40% 63% 86% 100%

In the Medium and High scenarios, a portion of EV sales are expected to be converted

into Hydrogen Vehicle sales. These assumptions are summarized in Table 15.

Table 15. Hydrogen Vehicle Adoption Assumptions by Scenario and Vehicle Type,
Relative to EV Adoption Rates (% of new EV sales)

SCENARIO  VEHICLE TYPE 2024/25 2029/30 2034/35 2039/40 2044/45 2049/50
Passenger 0% 0% 0% 0% 0% 0%
Light Duty Truck 0% 0% 0% 0% 0% 0%

Medium/ .

High Medium Duty Truck 0% 0% 3% 20% 20% 20%
Heavy Duty Truck 0% 0% 8% 40% 40% 40%
Bus 0% 0% 0% 0% 0% 0%

Independent Expert Consultant Report: Manitoba Hydro’s 2025 Integrated Resource Plan 89



DAYMARK

ENERGY ADVISORS

APRIL 24, 2026

For the Medium load projection, energy sales are presented in Figure 11 below.

Figure 11. Medium Load Projection — Forecasted Energy Sales from Electric and
Hydrogen Vehicles

Growth in energy sales for both electric and hydrogen vehicles are driven primarily by

Light Duty Trucks followed by Heavy Duty trucks, as demonstrated Figure 12 below.

Figure 12. Medium Load Projection — Forecasted Energy Sales from Electric
Vehicles and Hydrogen Vehicles by Vehicle Type
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For the High load projection, forecasted sales are summarized in Figure 13 below.

Figure 13. High Load Projection — Forecasted Energy Sales from Electric and
Hydrogen Vehicles

In the High projection, Light Duty trucks continue to drive sales, followed by Heavy Duty

trucks, as shown inFigure 14 below.

Figure 14. High Load Projection — Forecasted Energy Sales from Electric Vehicles
and Hydrogen Vehicles by Vehicle Type
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Space and water heating

Across the three load projections, Manitoba Hydro primarily modifies assumptions
associated with population growth, which cascade through both Space Heating and
Water Heating models. For the Space Heating model specifically, Manitoba Hydro also

modifies the assumptions for the Electric Heating Market Share model.

Population growth assumptions generally follow the levels used in each scenario’s EV

model. These growth rates are summarized in Table 14 above.

The market share model has been modified in each scenario. This shift is summarized in
Table 16below. These modified assumptions are the result of the logistic regression used
for the 2024 ELF, which is primarily dependent upon forecasts of the prices of electricity
and gas as well as the historical rate of new dwellings adopting electric heating systems.
As such, these assumptions are sensitive to the modifications made to the energy price

forecasts as previously discussed.

Table 16. Electric Heating Market Share Forecast (% of annual new dwellings)

SCENARIO DWELLING TYPE 2024/25 2029/30 2034/35 2039/40 2044/45 2049/50

Single - Winnipeg 3.1% 6.7% 7.1% 7.3% 7.7% 8.1%
Baseline Single - South Gas 26.3% 33.9% 53.3% 55.9% 57.7% 59.8%
Multi - Winnipeg 51.2% 22.2% 67.3% 71.0% 73.7% 74.7%
Multi - South Gas 54.6% 69.2% 71.4% 72.2% 72.9% 73.5%
Single - Winnipeg 3.1% 6.7% 6.7% 6.3% 6.1% 5.8%
Medium Single - South Gas 26.3% 34.0% 53.1% 52.7% 50.4% 48.4%
Multi - Winnipeg 38.6% 54.8% 67.0% 68.3% 66.5% 62.8%
Multi - South Gas 54.6% 69.3% 70.8% 70.4% 69.9% 69.3%
Single - Winnipeg 3.1% 6.8% 7.3% 7.6% 7.9% 8.2%
High Single - South Gas 26.3% 34.0% 54.0% 57.2% 59.1% 60.9%
Multi - Winnipeg 38.6% 54.3% 68.1% 72.3% 75.0% 76.0%
Multi - South Gas 54.6% 69.4% 71.7% 72.6% 73.2% 73.8%
Single - Winnipeg 4.0% 11.4% 17.7% 18.8% 19.9% 20.6%
2024 ELF Single - South Gas 34.4% 60.7% 71.8% 73.1% 74.5% 75.2%
Multi - Winnipeg 40.3% 85.6% 94.2% 94.9% 95.5% 95.9%
Multi - South Gas 63.0% 87.6% 93.1% 93.7% 94.2% 94.5%

Applying these adoption assumptions to the Space Heating and Water Heating models
produces a forecast of heating and natural gas customers. Based on this profile,

Manitoba Hydro can calculate the effective penetration of electric heating across
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customers, summarized in Table 17 below. Note that the effective penetration rate in

each load projection is lower than the 2024 ELF.

Table 17. Forecasted Penetration of Electric Heating (% of Cumulative
Customers)

SCENARIO 2024/25 2029/30 2034/35 2039/40 2044/45 2049/50

Baseline 40.8% 40.9% 41.3% 41.8% 42.3% 42.7%
Medium 40.8% 40.9% 41.3% 41.8% 42.1% 42.5%
High 40.8% 40.9% 41.4% 42.0% 42.5% 43.1%
2024 ELF 40.8% 41.2% 42.0% 43.0% 43.9% 44.9%

Interpreting these penetration levels is contingent upon the customer growth forecasts
in each scenario. In the Baseline projection, there are fewer electric customers, paired
with lower forecasts of consumption, producing a lower electricity sales forecast for
Residential Basic customers. The Medium projection exhibits similar population growth
assumptions to the 2024 ELF paired with elevated consumption per customer, ultimately
resulting in a higher electricity sales forecast. The High projection presents both elevated
population growth forecasts and higher consumption rates, resulting in the highest
electricity sales forecast for the scenarios modelled.

Customer self-generation (BTM solar PV)

As discussed in Section 4.4.5, Manitoba Hydro uses a Bass Diffusion model to estimate
the adoption of solar PV systems across Manitoba. This is used as a proxy for all
customer-sited self-generation and storage. A summary of these impacts is provided in
Table 18 demonstrating that all scenarios exhibit higher energy and peak impacts
relative to the 2024 ELF.

Table 18. Electric Impacts of Customer Self-Generation in 2049/50

OUTPUT 2024 ELF  BASELINE MEDIUM/HIGH
Installed Capacity (MW) 1,019 1,100 1,700
Annual Electric Energy (GWh) 1,191 1,280 1,980
Annual Customer Consumption (GWh) 476 510 790
Annual Sold to Grid (GWh) 714 770 1,190

Across the three scenarios, it is unclear how many variables Manitoba Hydro may have
modified within the Bass Diffusion model to reach these results. One of the key variables
is the “market capacity” component of the model, which is based on forecasted

customers in the Residential Basic and General Service Small/Medium Mass Market
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classes. However, if this were the key variable informing the differing scenarios, one

would expect the Medium and High scenarios to differ.

Additionally, Manitoba Hydro notes that the IRP load scenarios also account for differing
solar PV systems for larger commercial, industrial, and agricultural customers.”® This
differs from the 2024 ELF, in which Manitoba Hydro exclusively modelled 10 kW systems.
For these non-residential customers, Manitoba Hydro used a separate Bass Diffusion

model with an average 90 kW system.

Fuel switching

An additional source of electric load growth and gas volume decline is the fuel switching
of customers from gas to electric. Manitoba Hydro assumes that a portion of the
customers in the Large General Service and Small General Service classes will switch to
electric heating throughout the forecast periods in the Medium and High projections. No

incremental fuel switching was explicitly modelled in the Baseline projection.

Based on a Bass Diffusion model, Manitoba Hydro forecasts the rate of fuel switching
behavior across new customers. In addition to this Bass Diffusion model, Manitoba
Hydro also assumes that a certain portion of existing customers in each year would also

switch to electric sources. These adoption rates are summarized in Table 19 below.

78 |RP, Appendix 5, Load Projections, p. 33.
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Table 19. Fuel Switching Assumptions (% of New or Existing Customers)

SCENARIO MEDIUM

Customer New Existing New Existing
2024/25 6% 0% 6% 0%
2025/26 7% 0% 7% 0%
2026/27 8% 1% 8% 1%
2027/28 9% 1% 9% 1%
2028/29 10% 2% 10% 2%
2029/30 15% 2% 100% 2%
2030/31 20% 10% 100% 3%
2031/32 25% 20% 100% 4%
2032/33 30% 30% 100% 5%
2033/34 35% 40% 100% 6%
2034/35 40% 51% 100% 100%
2035/36 50% 50% 100% 100%
2036/37 60% 50% 100% 100%
2037/38 70% 50% 100% 100%
2038/39 80% 50% 100% 100%
2039/40 90% 50% 100% 100%
2040/41+ 100% 50% 100% 100%

These adoption rates are applied to forecasts of SGS and LGS gas customers produced

from the methodologies discussed in Section 4.6.2 to identify the customers from each

class that are expected to switch to electric heating.

These customer switch forecasts are further allocated to various heating technologies

including Air Source Heat Pumps, Central Forced Air, Full Electric Heating, and
combinations of these technologies. Using profiles of these heating technologies,

Manitoba Hydro estimates the energy usage for each heating technology per customer.

These assumptions are summarized in Table 20 below.
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Table 20. Energy Needs for Fuel Switching Customers (kWh/customer-year)

TECHNOLOGY LGS SGS

Dual Fuel Air Source Heat Pump

Dual Fuel Cold Climate Air Source Heat Pump
Full Electric Heating 93
Central Forced Air
Geo

ASHP+CFA

ccASHP+CFA

Applying energy usage assumptions to fuel switching forecasts produces forecasts of

incremental energy from these customers. This forecast is presented in Figure 15 below.

Figure 15. Fuel Switching Forecast (GWh)

Net zero economy

One of the most visible aspects of Manitoba Hydro’s long-term forecast is the
implementation of negative GHG technologies in planning year 2049/2050 (the so-called
“hockey stick”). In the Medium scenario, these technologies represent nearly 2,000 MW
of peak demands that are expected to switch on in a single year. These impacts are
unique to the Medium and High scenarios of the 2025 IRP and were not present in the
2024 ELF.
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Manitoba Hydro calculates three types of Carbon Capture and Sequestration (CCS)
technologies deployed in planning year 2049/50:

e Industrial CCS, referring to any CCS technologies deployed at industrial sites,

e “Combustion Emission” Direct Air CCS (DACCS), generally referring to DACCS
deployed at gas plants or other emitting facilities, and

e “Non-Combustion Emissions” DACCS, referring to any other DACCS facilities
deployed to reach net-zero goals.
The energy needs of each of these categories is summarized in Table 21 below. Industrial
CCS and “Combustion Emissions” DACCS impacts are generally estimated with a similar
methodology, which aims to displace the projected emissions associated with forecasted
gas consumption. Note that negative emissions technologies present lower energy
requirements in the High projection due to the assumption that higher rates of

electrification are achieved in this scenario, avoiding emissions.

Table 21. Annual Energy Needs for Negative Emissions Technology in 2049/50
(GWh)
INDUSTRIAL "COMBUSTION "NON-COMBUSTION
SCENARIO CCsS EMISSIONS" DACCS EMISSIONS" DACCS TOTAL
Medium 720 11,476 11,521 23,717
High 720 7,558 11,521 19,780

Industrial CCS needs are based on the forecasted gas needs of_

_ customers in 2049/50, accounting for emissions associated with

adjusted for the capture rate of CCS systems. These assumptions are held constant in the

1c &
9a

Medium and High scenarios, as summarized in Table 22 below.
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Table 22. Industrial CCS Assumptions in 2049/50

STATIONARY
ITEM COMBUSTION

Subtotal Gas Demand (1,000 m3) .:
Emissions Intensity (tonnes CO2e/1,000 m3) 1.94
Emissions (tonnes CO2ze) -_ -_
CCS Unit Energy Needs (GWh/Megatonne COze) 833 833

Capture Rate of CCS 90% 90%

Total Industrial CCS Demand (GWh) . .

720

DACCS systems deployed at emitting stations or otherwise capturing combustion

emissions follow a similar structure,
-. Manitoba Hydro also assumes that there are some emissions beyond those
captured by Industrial CCS systems, which would be captured through the Direct Air
Capture systems modelled here. These assumptions are summarized in Table 23 below
for the Medium Projection. A similar structure is applied in the High projection, though
with fewer emitting sources driven by higher electrification assumptions across the EV

and Stationary Combustion sources.

1c

9a

1c & 9a
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Table 23. “Combustion Emissions” DACCS Assumptions in 2049/50 — Medium
Projection
EMISSIONS SOURCE UNITS ANNUAL EMISSIOI\.IS EMISSIONS
(tonnes COze/unit) (tonnes COze)
Passenger Vehicles 118,715 3.898 462,704
Light Duty Trucks 246,982 3.898 962,637
Medium Duty Trucks 31,352 8.502 266,548
Heavy Duty Trucks 30,690 79.243 2,431,970
Buses 2,142 36.432 78,037
"2022" Correction for Off Road Vehicles* (5,371) 79.243 (425,653)
Railways** 536,549
Marine** 738
Aviation** 445,132
Avoided Diesel - Biodiesel (MMBtu) 674,900 (0.081) (54,895)
Avoided Gasoline - Ethanol (MMBtu) 14,314,932 (0.077) (1,101,786)
Transportation Combustion Emissions Subtotal 3,601,981
Incremental Stationary Combustion
Emissions*** 2,300,068
Total Combustion Emissions 5,902,049
DACCS Unit Energy Needs (GWh/1,000 tonnes
COze) 1,944
Total Combustion DACCS Energy Needs (GWh) 11,476,206

*Corrects for observed 2022 emissions associated with ICE vehicles

**Emissions based on observed 2022 emissions, held constant through the forecast period

*** Emissions associated with gas usage, incremental to emissions addressed by industrial CCS

Finally, Manitoba Hydro estimates the energy needs to power DACCS facilities
addressing emissions not directly associated with industrial gas use or the combustion of
fuels otherwise. This estimate begins with assumptions regarding the various types of
emissions that are expected to persist through 2049/50, as summarized in Table 24
below. Manitoba Hydro generally assumes that emissions from the various sources
reduce over time, but the sources of emissions data and the calculation of their
forecasted rates of change are not clear at this time.
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Table 24. “Non-Combustion Emissions” DAC Assumptions in 2049/50 —
Medium/High Projection

INDUSTRIAL
FUGITIVE PRODUCT USE AND

ITEM SOURCES PROCESSES AGRICULTURE WASTE TOTAL
Emissions (1,000 tonnes COze) 192 632 4,424 677 5,925
DACCS Unit Energy Needs

1,944 1,944 1,944 1,944 7,778
(GWh/Megatonne COze) ! ! ! ! !
Total Non-Combustion DAC Energy
Needs (GWh) 374 1,228 8,602 1,317 11,521

4.8.3 Results

Using the scenario structure outlined above, Manitoba Hydro produces a range of
energy and peak demand projections designed to reflect the uncertain needs of the
system over time (Figure 16).

Figure 16. Forecasted Manitoba Energy at Common Bus (GWh), 2024 ELF and
2025 IRP Projections”

79 This Common Bus forecast excludes transmission losses as well as any impact from Selectable DSM

resources. While Manitoba Hydro produces a forecast of Gross Firm Energy that accounts for each of

these line items, comparison of the Common Bus forecasts is more relevant to the discussions in these
sections.
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The Baseline scenario shows moderate and steady load growth throughout the forecast
period with annual energy requirements growing at ~1.3% compounded annually. The

Medium and High scenarios show varying growth rates depending on the time period.

The following table shows the varied growth rates for annual energy:

Table 25. Summary of Common Bus Energy Forecast Growth Rates (% Compound
Annual Growth)

BASELINE MEDIUM HIGH
Through 2034/35 0.8% 1.8% 2.7%
2034/35 - 2044/45 1.8% 2.7% 4.2%
All years 1.3% 2.3% 3.5%

The peak forecast in each projection is presented in Figure 17 below.

Figure 17. Forecasted Manitoba Peak at Common Bus (MW), 2024 ELF and 2025
IRP Projections®

80 This Common Bus forecast excludes transmission losses as well as any impact from Selectable DSM

resources. While Manitoba Hydro produces a forecast of Gross Firm Energy that accounts for each of
these line items, comparison of the Common Bus forecasts is more relevant to the discussions in these
sections.
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Once again, the Baseline scenario shows moderate and steady annual peak demand
growth at ¥1.5% compounded annually, as shown in Figure 17. The Medium and High

scenarios again show varying growth rates depending on the time period.

Table 26 shows the varied growth rates for annual peak demand:

Table 26. Summary of Common Bus Peak Demand Forecast Growth Rates (%
Compound Annual Growth)

BASELINE MEDIUM HIGH
Through 2034/35 1.1% 1.8% 3.3%
2034/35 - 2044/45 1.8% 3.1% 5.8%
All years 1.5% 2.6% 4.7%

Finally, each scenario has projected annual natural gas volumes as presented in Figure
18 below.

millions m?)

9a

) [ume

nnual G

Figure 18. IRP Natural Gas Volume Forecasts (m?)

Table 27 shows the varied growth rates for natural gas volumes:
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Table 27.  Summary of Natural Gas Volume Forecasts (% Compound Annual
Growth)

BASELINE MEDIUM HIGH

-III §

4.8.4 Discussion

Scenario analysis is an important element of modelling a range of uncertainties within
the context of integrated resource planning. The design of scenario and sensitivity
analysis is important in order to understand the impact of alternative future conditions
regarding load growth, economic conditions, market prices, policy shifts, or other
elements. In Manitoba Hydro’s methodology, the structure of development of the three
load projections has meaningful implications for how they were used in the capacity
expansion analysis, as discussed in Section 7.7. Daymark highlights the following

elements of the load projection development approach.

Load projections are based on standard methodology, allowing future
sensitivities to be built more quickly

The structure of the 2024 ELF is generally reasonable and has largely been reviewed in
multiple prior proceedings. While we identify areas for potential improvement, the
inclusion of the hourly peak load profiles as well as the performance of the energy
forecast demonstrate that the 2024 ELF is a reasonable methodological structure to
develop alternative load projections in the future. Given the work they did in this IRP,
Manitoba Hydro should now be in a position to implement alternative sensitivities to
load projections relatively quickly without significant modifications to its forecast

structure in the future.

Analysis of policy implications is thorough and provides a valuable starting
point for future IRPs

Manitoba Hydro thoroughly considers pathways to achieve policy targets set by both
federal and provincial governments. The Medium and High projections consider
structural additions to the forecasting approach introduced in the 2024 ELF that draw
pathways to achieving a net-zero GHG target through EV adoption, electrification of

heating, decarbonization of industry, and much more. While specific input assumptions
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within individual models may require further consideration, Manitoba Hydro has

reasonably considered how it can support the province in achieving its policy goals.

Load Projection 3 may overstate realistic upside risk

One of Manitoba Hydro’s stated goals in developing the load projections was to
“bookend” the load uncertainty they saw as a key factor in determining a reasonable
development plan for the IRP planning horizon. On the high end, they may have
overachieved that goal, as the combination of driver variable changes to LP3 lead to a
significant and sustained load growth scenario, relative to the 2024 ELF. As a
comparison, the forecasted peak demand in 2034/35 for LP3 is nearly 6,500 MW. This is
approximately 1 GW above the P90 case for the 2024 ELF that Manitoba Hydro reported
in their recently completed GRA. This result occurs primarily because LP3 combines both
high population and GDP growth trajectories with high electrification needed to achieve

a net-zero economy.

Load Projection 1 may understate realistic downside risk

It is also uncertain as to whether Manitoba Hydro achieved a reasonable low bookend
case. The lowest scenario tested in the IRP is LP1, the Baseline case, which, while lower,
is close to the 2024 ELF and driven by assumptions that are generally status quo apart
from lower economic growth assumptions. It is reasonable to investigate if there is a
lower case that should have served as the basis for potential overbuild risk. As an
example, LP1 peak demand in 2034/35 is 5,031 MW, which is roughly 260 MW above the
P10 case that Manitoba Hydro identified in their recently completed GRA, even though
both the GRA and LP1 were built on current policy.

Load uncertainty may be skewed towards an overestimation of load growth

As demonstrated in Figure 17 above, the results of the three chosen scenarios skews
towards higher loads relative to the 2024 ELF, even over the ten-year period that is the
primary focus of this IRP. These results are similar when looking at energy curves, as
seen in Figure 16. Some amount of skew is to be expected, given the mandate to
consider policy that is not yet within the status quo. However, the combination of a high
case that compounds strong economic growth with rapid growth of electrification and a
low case that is significantly above that status quo P10 case pushes the view of

uncertainty towards high load levels.
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Scenario construction approach
One of the key elements that creates these results is Manitoba Hydro’s approach toward
establishing the appropriate scenarios to evaluate. The core challenge to the Manitoba

Hydro’s 2025 scenario construction is the number of changes per scenario.

Manitoba Hydro produces a reasonably wide range of forecasts with its current
approach, but this paradigm does not sufficiently consider the likelihood that any of
these scenarios materialize. Specifically, both the Medium and High load projections
include strong economic growth on top of policy driven behaviours. This combination
makes it difficult to isolate the estimated impact of policy and also potentially overstates
the need driven by those policies.

As demonstrated in Figure 19 below, the Medium and High scenarios represent
significant departures from the Baseline and 2024 ELF forecasts of Gross Firm Energy,
with greater growth beyond the 10-year planning horizon. In the context of only the
three IRP scenarios, the Medium scenario may seem like a reasonable middle path.
However, the added context of the 2024 ELF shows that the Baseline scenario is more
aligned with Manitoba Hydro’s traditional forecasting approach, albeit lower.

Figure 19. Gross Firm Energy Demand Scenarios (GWh)

Typical utility practice begins with a reference case forecast. This reference case includes

forecasts of economic indicators and external adjustments that are reflective of status

Independent Expert Consultant Report: Manitoba Hydro’s 2025 Integrated Resource Plan 105



DAYMARK

ENERGY ADVISORS

APRIL 24, 2026

quo market trends and customer behavior. This reference case anchors a planning target

to an expected level of growth, functioning as a P50 load forecast.

Given a reference scenario, a utility would identify specific alternative scenarios that
warrant further consideration. Typical scenarios include a High and Low economic
growth scenario, in which variables representing economic growth are modified by some
factor. Additional typical scenarios are High Weather volatility cases, implications of
specific policy mandates, or other frameworks that attempt to answer a single
alternative variable. Within the context of the 2023 mandate letter and the Affordable
Energy Plan, Manitoba Hydro reasonably focused on specific policy mandates to meet

the requirements of their mandate.

The purpose of this scenario construction approach is to allow a utility to understand the
relative impact of various variables on an expected future. These various scenarios then
produce an interval of potential load futures that a utility may need to consider. Given
this range, a utility may evaluate the likelihood that any one of these scenarios will

materialize and consider how this impacts resource planning decisions.

In the context of this scenario construction approach, the 2024 ELF is most
representative of a P50 load forecast. In fact, Manitoba Hydro acknowledges this as the
case in its most recent General Rate Application, noting that “[t]he 2024 Electric Load
Forecast was developed as Manitoba Hydro’s best estimate of future electricity
requirements under normal weather assumptions with an expectation of a 50% chance
that the weather normalized actual growth will be higher than the forecast and a 50%
chance that the weather normalized actual growth will be lower than the forecast under
the forecast with the assumptions that existing energy policies would remain in place for

the duration of the forecast period.”8!

By contrast, both the Medium and High scenarios assume that Manitoba Hydro is able to
achieve policy targets while simultaneously assuming elevated economic growth relative
to the P50 assumptions of the 2024 ELF. The Medium scenario represents a lower-load
path to net-zero emissions, under slightly elevated growth assumptions while the High
scenario functions as a sensitivity to the Medium scenario under even higher growth
assumptions. The Baseline serves as an analogue to a “reference” case, with some lower
growth assumptions. As such, Manitoba Hydro does not have a single reference case to
anchor its expectations for the likelihood of any single scenario.

81 Manitoba Hydro, Fiscal Year 2026 to 2028 General Rate Application, Appendix 4.1, p. 43.
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If Manitoba Hydro had taken a more typical approach to scenario and sensitivity
construction, they would be able to highlight the differences between these mandated
policy cases and what is most likely to materialize under their current forecast of status
quo conditions. This isolated impact of policy impacts would provide additional context
to assist the province and the public to better understand the gap between policy
targets and current trends. It would also have been useful to the modelling team when
designing the least-regrets analysis (discussed in Section 7.7 below) to have separate
uncertainty dimensions regarding economic factors (which can move up or down) and

these specific policy factors, which will only increase load relative to status quo.

Key modelling assumptions

While Manitoba Hydro adjusted numerous variables to construct its load scenarios,
some of these inputs had a larger impact on the results than others. In each IRP
scenario, most of the forecasted energy growth is driven by needs in the Residential
Basic and General Service Mass Market classes, which consume the majority of
Manitoba energy. The impacts of these classes are generally followed by growth in the
General Service Top Consumer Class, the Electric Vehicle adjustment, and the negative
GHG technologies, depending on the scenario and the year in which growth is evaluated.
Given the outsized impact on the forecasts, this subset of forecast components and

inputs are the focus of the following sections:
e Economic growth variables, including GDP, population growth, and income

e Energy prices, referring to electricity and natural gas prices,

e Decarbonization of transportation, particularly the adoption of electric and
hydrogen vehicles

e Electrification of space and water heating
e Customer self-generation, modelled as solar PV

e Negative green-house gas technologies, generally referring to carbon
capture and sequestration

Economic growth variables

As discussed above, Manitoba Hydro’s alternate assumptions for economic growth in the
Medium and High scenarios are higher than the growth rates assumed in the 2024 ELF.
This sustained deviation from the 2024 ELF assumption may result in a compounding
overestimation of customer growth and load growth throughout the econometric
models used in Manitoba Hydro’s forecasts for the Medium and High scenarios.
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The forecasts of Manitoba’s Real Gross Domestic Product (MRGDP) are summarized in
Figure 20 below. The reference forecast used in the 2024 ELF matches more closely with
the “Baseline” scenario’s assumptions. The compound annual growth rate for the 2024
ELF MRGDP is 1.55% for planning years 2024/25 through 2049/50. The Baseline exhibits
a compound annual growth rate (CAGR) of 1.52% by contrast. As such, the difference
between forecasted MRGDP in 2049/50 for these two forecasts is less than 1%; for
planning year 2034/35, this difference is also less than 1%. By contrast, the difference
between the 2024 ELF and the Medium scenario in planning year 2049/50 is more than
7%; for planning year 2034/35, this difference is more modest at ~3%. For the High
projection, these differences are more than 22% in 2049/50 and ~9% in 2034/35.

Figure 20. Forecasted Manitoba Real GDP, 2024 ELF and 2025 IRP Scenarios

This difference between the 2024 ELF and the IRP scenarios persists in forecasts for
other economic growth variables as well, such as the forecast of Canadian Real GDP
presented in Figure 21 below. The 2024 ELF exhibits a CAGR through 2049/50 of 1.77%,
the Baseline a CAGR of 1.74%, the Medium 1.86%, and the High 2.13%.
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Figure 21. Forecasted Canadian Real GDP, 2024 ELF and 2025 IRP Scenarios

Energy prices

Manitoba Hydro’s approach toward modelling energy prices represents a complex set of
assumptions with varying impacts in each load projection. The intersecting forecasts of
electric prices, gas prices, and inflation rates across the three scenarios may be

impacting each scenario in ways that have not been sufficiently considered.

On a nominal basis, Manitoba Hydro’s forecast exhibits rising energy prices, with a
higher rate of growth in the Medium and High scenarios, as demonstrated in Table 28
below. Like the economic growth forecasts, the nominal prices of gas and electricity in
the 2024 ELF more closely match those in the Baseline forecast. As such, the Medium
and High forecasts should experience a dampening effect on the average use
econometric forecasts that use energy prices as an independent variable. This is based
on the negative coefficients of the price variables identified in Table 6. However, this

dampening effect may be mitigated by the use of higher inflation assumptions.
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Table 28. Energy Price Forecasts
NOMINAL ELECTRICITY PRICE FORECAST
(CENTS/kWh) NOMINAL GAS PRICE FORECAST ($/m3)

YEAR 2024 ELF BASELINE MEDIUM HIGH | 2024 ELF BASELINE MEDIUM HIGH
2024/25 | 9.68 9.68 9.68 9.68

2025/26 | 10.02 10.02 10.02 10.02

2026/27 10.37 10.37 10.37 10.37

2027/28 | 10.74 10.74 10.74 10.74

2028/29 11.11 11.11 11.11 11.11

2029/30 | 11.50 11.50 11.50 11.50

2030/31 11.90 11.90 11.90 11.90

2031/32 12.14 12.14 12.32 12.32

2032/33 12.38 12.38 12.75 12.75

2033/34 | 12.63 12.63 13.20 13.20

2034/35 12.88 12.88 13.66 13.66

2035/36 | 13.14 13.14 14.14 14.14

2036/37 13.40 13.40 14.63 14.63

2037/38 | 13.67 13.67 15.14 15.14

2038/39 13.95 13.95 15.67 15.67

2039/40 | 14.22 14.22 16.22 16.22

2040/41 14.51 14.51 16.79 16.79

2041/42 14.80 14.80 17.38 17.38

2042/43 15.10 15.10 17.99 17.99

2043/44 | 15.40 15.40 18.62 18.62

2044/45 15.71 15.71 19.27 19.27

2045/46 | 16.02 16.02 19.94 19.94

2046/47 16.34 16.34 20.64 20.64

2047/48 | 16.67 16.67 21.36 21.36 32 &3b
2048/49 17.00 17.00 22.11 22.11

2049/50 | 17.34 17.34 22.88 22.88

Manitoba Hydro’s inflation assumptions in the 2024 ELF match more closely with those
in the High scenario, while inflation assumptions in the Baseline and Medium scenarios
are significantly lower, as demonstrated in Table 29 below. This results in real energy
prices that are lower in the Medium and High scenarios while being higher in the

Baseline scenario.
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Table 29. Forecasted Annual Inflation Rates (%)

YEAR 2024 ELF  BASELINE  MEDIUM HIGH
2024/25 2.13% 1.72% 1.99% 2.14%
2025/26 2.09% 1.81% 1.99% 2.14%
2026/27 2.16% 1.81% 1.99% 2.14%
2027/28 2.16% 1.81% 1.99% 2.14%
2028/29 2.14% 1.81% 1.99% 2.14%
2029/30 2.11% 1.81% 2.00% 2.14%
2030/31 2.13% 1.72% 2.00% 2.16%
2044/45 2.13% 1.74% 2.00% 2.15%

Manitoba Hydro uses real electricity rates as an input into each of its econometric

models, rather than nominal. As a result, the High scenario exhibits a lower negative

impact from energy prices, than would be the case with nominal prices. This inflation

damping effect is clearest in the forecast of real electricity prices, resulting in far lower

energy prices in the Medium and High scenarios, as demonstrated in Table 30 below.
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Table 30. Forecasted Real Electricity Prices (cents/kWh)

YEAR  2024ELF BASELINE MEDIUM HIGH
2024/25
2025/26
2026/27
2027/28
2028/29
2029/30
2030/31
2031/32
2032/33
2033/34
2034/35
2035/36
2036/37
2037/38
2038/39
2039/40
2040/41
2041/42
2042/43
2043/44
2044/45
2045/46
2046/47 3a&3b
2047/48
2048/49
2049/50

This impact is also demonstrated in the forecast of Real Gas prices, presented in Table 31
below. In this instance, the Medium load projection actually presents the lowest gas

prices of the three load projections, though being most in line with the 2024 ELF.

112 Independent Expert Consultant Report: Manitoba Hydro’s 2025 Integrated Resource Plan



DAYMARK
ENERGY ADVISORS
APRIL 24, 2026

Table 31. Forecasted Real Gas Prices ($/m3)

YEAR 2024 ELF  BASELINE MEDIUM HIGH

|

In effect, the higher inflation assumptions in the Medium and High scenarios relative to

2024/25
2025/26
2026/27
2027/28
2028/29
2029/30
2030/31
2031/32
2032/33
2033/34
2034/35
2035/36
2036/37
2037/38
2038/39
2039/40
2040/41
2041/42
2042/43

2043/44

the Baseline projection may dampen the negative impact of energy prices on forecasted

consumption rates.

EV adoption

Manitoba Hydro’s EV Model scenarios are primarily driven by changes in the population
forecasts and the adoption rates of electric vehicles. For the Medium and High
scenarios, the result is the faster adoption of EVs and an increase in load, as would be
expected in scenarios modelling behaviours driven by clean energy policy. This impact is

demonstrated in Figure 22 for passenger vehicles specifically.
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Figure 22. EV Adoption Rate Assumptions for Passenger Vehicles (2024/25 -
2035/36)

This earlier adoption rate is most impactful for the Heavy Duty truck vehicle type. While
adoption rates for Light Duty trucks remain relatively consistent within the 10-year

planning period, this is not the case for Heavy Duty trucks shown in Figure 23 below.

Figure 23. EV Adoption Rate Assumptions for Heavy Duty Trucks (2024/25 —
2035/36)
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While adoption rates may vary between vehicle types and scenarios, the net impact of
these adoption rate assumptions across the Medium and High projections is faster

energy growth, driven particularly by the Heavy Duty vehicle type.

Space and water heating

The Space and Water Heating models are primarily impacted by varying assumptions
regarding the adoption rate of electric heating systems in new builds. The key inputs into
generating this adoption rate are the Electric Heating Market Share model, which is
highly contingent upon forecasted energy prices and gas furnace efficiency assumptions.
As such, any uncertainties in the development of the price and efficiency forecasts
would compound in the Space and Water Heating models.

Customer self-generation (BTM solar PV)

In the IRP, Manitoba Hydro redefined the BTM Solar model to more broadly represent
the potential for customer sited self-generation rather than explicitly solar. However,
Manitoba Hydro retained the same baseline model, using solar PV systems as a proxy for
any self-generation. Additionally, Manitoba Hydro modified the solar PV adoption model
to consider Residential customers and GSMM customers separately, slightly changing the
Coefficient of Imitation. Otherwise, the only variable changing across scenarios was the

underlying population forecast.

The results of the BTM Solar Model across each scenario are highly dependent on a
small number of underlying assumptions, including the Coefficient of Imitation.
Manitoba Hydro has not provided details of these assumptions, or the analytical
foundation for variations between scenarios. In future IRPs, Manitoba Hydro should

provide such documentation.

Net zero economy

The negative GHG technologies representing the net zero policy goals represent a
significant adjustment to Manitoba Hydro’s forecast in planning year 2049/50. The
magnitude of impact from these adjustments is similar in the Medium and High
scenarios, with no negative GHG technologies assumed in the Baseline scenario. While
this adjustment does not have an immediate impact on Manitoba Hydro’s IRP build-out
target within the 10-year planning horizon, some further consideration should be
provided toward the development of these assumptions.

First, it is unlikely that more than 1,700 MW of peak load facilities are likely to come

online in a single planning year. The introduction of these resources should be phased in
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over time. If Manitoba Hydro believes that these resources would not be available or
economical until 2049/50, then that should be the year in which Manitoba Hydro begins
phasing in these resources. However, if any of these technologies could reasonably come
online prior to 2049/50, then it is unlikely that they would sit idle.

Second, the assumptions used to estimate load requirements for these technologies
may be overly conservative, resulting in an overestimation of overall load. Energy
requirements are based on current technology, which could reasonably improve over
time. While this is not necessarily a trend to include in the load forecast, it is a useful

fact to consider when evaluating the impact of these loads.

Ultimately, forecasting the impacts of these loads is a highly speculative exercise, and
the IRP was predominantly focused on the first 10 years. As Manitoba Hydro refines its

longer-term forecasting, this is an area that will need to be enhanced.

4.8.5 Observations and Recommendations

Manitoba Hydro’s approach to its IRP scenarios is a commendable initial step toward
developing a scenario framework of analysis. Given the mandate to plan with competing
objectives of affordability and support for policies that will grow load and put pressure
on Manitoba Hydro finances (and therefore rates) they did significant and important

analysis to advance their understanding of the potential impacts of policy.

Key observations regarding what Manitoba Hydro should continue to incorporate into

their future IRPs include:

e The construction of load projections using a tested and reviewed methodology
that receives scrutiny in other dockets, such as the GRA, is a strong basis for
enhancing stakeholder engagement and input as well as allowing Manitoba
Hydro to produce scenarios and sensitivities more quickly in the future

e Consideration of a broad set of uncertainties provides a robust picture of load
risk

e  Utilizing models that capture the impacts on electricity and natural gas sales

provides a basis for more detailed assessment of fuel switching in the future

While the basis for enhanced analysis and communication with stakeholders is in place,
there are some areas that we believe deserve attention ahead of the next IRP. In general,
the choices made during the construction of the three IRP projections may have resulted

in an overestimate of electric load and a corresponding underestimation of gas demand.
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In this context, Manitoba Hydro should consider the following recommendations as it

refines its forecasting methodology:

Restructure the scenario construction paradigm to begin with a reference case
forecast and then build individual scenarios and sensitivities

Manitoba Hydro’s approach to scenario construction should begin with a reference case
that uses input assumptions that represent status quo market conditions. This approach

anchors a load forecast to expected levels of growth across each forecast component.

With this anchor point established, Manitoba Hydro would be able to evaluate various
alternative forecasts and understand the distance from the reference case of individual
assumptions. This information ensures that Manitoba Hydro, the PUB, and stakeholders
can understand the extent to which planning targets exceed reference case assumptions.
In the instance of a compound “policy” scenario with higher economic growth
assumptions, such as the Medium and High scenarios, stakeholders can more readily
understand how the elevated load growth is driven by a variety of factors and assess

accordingly.

Modify input assumptions relative to reference assumptions, rather than using
modified growth rates for all scenarios

Like the 2024 ELF, Manitoba Hydro should begin with external forecasts of input
assumptions to inform a reference case forecast, particularly in the case of a load
projection that informs a build-out target. Alternate scenarios to this reference case
could exhibit modified growth rates. However, failing to incorporate these status quo
assumptions produces a set of forecast outputs that are difficult to interpret and
potentially introduces uncertainty to the forecasting process.

Consider the intersecting impacts of nominal rate increases and varying
inflation rates on customer demand across scenarios

Manitoba Hydro should further examine how varying rate increases and inflation
assumptions impact customer demand across various scenarios. By pairing higher rate
increase scenarios with higher inflation assumptions, Manitoba Hydro may be

unintentionally damping the impact of these rate increases on customer demand.

Improve documentation of input assumptions into adjustment models
In some instances, Manitoba Hydro’s explanation of how input assumptions vary
between scenarios is difficult to follow or unavailable. For example, Manitoba Hydro

changes certain inputs in the Solar PV adoption model across scenarios but does not
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explain how these variables were adjusted. Manitoba Hydro should strive to improve

this documentation in the future.

Consider the need to phase-in negative GHG technologies and re-evaluate
impacts on load forecasts

Manitoba Hydro should consider that a more reasonable timeline for the deployment of
negative GHG technologies might include a phase-in period. It is unlikely that these
technologies will begin commercial operations in a single year. Further analysis is
necessary to determine the appropriate point at which these technologies should be

introduced to the forecast and the rate at which their loads are phased in.
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5 REVIEW OF RESOURCE OPTIONS

A key component of an IRP process is the development of a detailed set of assumptions
related to the resource options available to meet future energy and capacity needs.
Appendix 6 to the IRP provides a detailed description of the resource options considered
in the analysis and Appendix 7.2 provides additional details on representation of
resources in the capacity expansion model. This section reviews Manitoba Hydro’s
methodology for identifying and evaluating the range of resource options, and provides
Daymark’s conclusions regarding the reasonableness of the options considered. Section
7 of this report discusses how these resource options were utilized within the modelling

methodology to create the potential development plans.

5.1 Scope ltem

This section primarily addresses scope items #4 and #5.

Scope item #4

Are the supply-side and demand-side resource options to meet the anticipated
demand for electrical energy and power evaluated objectively, including fuel
switching between natural gas and electricity and incorporating low-carbon
gases. Is the list of resource options sufficiently expansive, or should other
options be considered as well?

Scope item #5

To the extent that power purchase agreements are a part of the IRP, are the
estimated prices for energy and capacity expected under such agreements
reasonable and appropriate and does the proposed procurement process follow
best practices? If executed power purchase agreements are submitted to the IEC
for review, comment on the process followed by Manitoba Hydro to
competitively determine or negotiate the terms and conditions, including prices,
and whether the process followed is expected to provide optimal pricing for this

supply.

5.2 Role of Resource Options in IRP

Manitoba Hydro’s IRP modelling framework evaluates a portfolio of resource options to
meet future system needs. The capacity expansion model selects resources based on
lowest overall system cost while considering each resource option’s differing
characteristics, including capital and operating costs, energy production capabilities,
accredited capacity contributions, and emissions profiles. While the model is generally
seeking to meet load at the lowest long-term cost, there are numerous parameters and

constraints that impact which options can be selected by the model, including the first

Independent Expert Consultant Report: Manitoba Hydro’s 2025 Integrated Resource Plan 119



DAYMARK

ENERGY ADVISORS

APRIL 24, 2026

available build year, annual maximum build limits, applicability of emissions constraints,

and others.

Due to the complex dynamics of the optimization model, the more specific the

representation of the resource options within the model, the better the planning insight

gained from the analysis. For a system like Manitoba with unique operational

characteristics and planning challenges, the development of a robust set of resource

options is critical to the success of an IRP process.

5.3 Manitoba Hydro’s Process for Identification and Screening

Options
As described in Appendix 6 to the IRP, Manitoba Hydro identifies 21 resource options,
listed in Table 32 below.

Table 32.  Manitoba Hydro’s 2025 Resource Types®?
VARIABLE DISPATCHABLE EMERGING SELECTABLE ENERGY
RESOURCES RESOURCES TECHNOLOGY EFFICIENCY
RESOURCES
Wind Generation Hydropower Biodiesel Combustion  Residential Home
Generation Turbine Insulation

Solar Photovoltaic

Generation

Enhancements to
Existing Hydropower

Hydrogen
Combustion Turbine

Air Source Heat
Pumps

Natural Gas
Combustion Turbine

Hydrogen Combined
Cycle Combustion
Turbine

Ground Source Heat
Pumps

Aeroderivative
Combustion Turbine

Biomass with Carbon
Capture &
Sequestration

Electric Thermal
Storage Systems

Natural Gas
Combined Cycle
Combustion Turbine

Natural Gas
Combined Cycle
Combustion Turbine
with Carbon Capture
& Sequestration

Custom Energy
Solutions

Biomass Generation Battery Storage
Market Capacity Battery Storage
Imports

82 |RP, Appendix 6, p. 2.
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Several of these resource options have distinct variations within each type that are
represented individually in the model. To highlight two examples, hydroelectric options
(new resources and upgrades) are modelled separately with individualized
characteristics, and natural gas CTs are modelled with different cost parameters

depending on whether they are brownfield or greenfield units.

All the resource options listed above are included as options in the long-term capacity
expansion modelling discussed in Section 7 of this report. The initial scenario and
sensitivity analysis, which produced optimized expansion portfolios for each case
through 2050, serves as the basis for screening out certain options in the 10-year
planning horizon. The analysis determined that only six resource options are suitable for

development before 2035:83

1. Energy efficiency (including the Efficiency Plan Projection and Selectable
Energy Efficiency)

2. Demand response

3. Wind generation

4. Hydropower enhancements

5. Battery storage

6. Combustion turbines fuelled by natural gas

In addition to these six, market capacity purchases are also included in the analysis, but
are only applied to on short-term basis for a small amount of capacity. As described by
Manitoba Hydro: “In the LRA runs, market purchases were only used as short-term

stopgaps and not relied on as long-term solutions to serve capacity or energy needs.”%*

These six resources were identified as the only options for the 10-year development

plan because they met the following criteria:
e “Can be implemented within the 10-year development plan timeframe;
e Provide the necessary reliability to meet energy and capacity needs; and

e Are proven technologies with reliable fuel sources.”#

83 |RP, Appendix 7.2, pp. 127-128.
84 |RP, Appendix 7.2, p. 128.
& |RP, p. 45.
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5.4 Resource-specific Review

Daymark conducted a detailed review of the resource assumptions to determine
whether the range of options is sufficiently expansive, and whether the resource
characteristic assumptions would lead to an objective evaluation in the context of the
resource expansion analysis. The following subsections provide specific observations

about the resource options evaluated by Manitoba Hydro in this IRP.

5.4.1 Efficiency Plan Projection

Manitoba Hydro developed energy and peak demand savings associated with the
Efficiency Plan Projection, previously discussed in Section 3.3, based on the 2024 ELF.
Energy savings from the Energy Plan Projection are applied consistently to all three Load
Projections, and the associated peak demand savings are equal across all three Load
Projections through 2035, after which the peak savings diverge.® This resource is not
selectable by the model and does not vary across the studies. As such, this resource is

distinct from the other resource options described in this section.

For more information on Daymark’s review of the energy efficiency assumptions and

methodology, see Section 3.

5.4.2 Selectable Energy Efficiency

Selectable Energy Efficiency was previously discussed in Section 3.4. This resource option
is described in Section 2.14 of IRP Appendix 6 and Section 7.14 of IRP Appendix 7.1.
Manitoba Hydro developed the Selectable Energy Efficiency resource options primarily
relying on input from Efficiency Manitoba, including information derived from the 2022
DSM MPS conducted by Dunsky Energy + Climate.®’

The Selectable Energy Efficiency resources are represented in the capacity expansion
model as eleven distinct groups of measures, each with a specific contribution to energy
and peak requirements, cost assumptions, maximum annual deployment, and other
characteristics. As described in Section 7.5 below, the Selectable Energy Efficiency
resource options were not available in most of the scenario and sensitivity runs with the
exception of one sensitivity. Due to the low cost of several of the Selectable Energy
Efficiency options, these resource options are a key component of the potential
development plans considered by Manitoba Hydro.

86 |RP, Attachment 1.3, Figure 8, p. 13.
87 IRP, Appendix 6, p. 46.
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For more information on Daymark’s review of the Selectable Energy Efficiency

assumptions and methodology, see Section 3.4.

5.4.3 Wind

Wind resource assumptions are provided in Section 2.1 of IRP Appendix 6 and Section
7.2 of IRP Appendix 7.1. The historical declining trajectory of the levelized cost of wind
results in the technology serving as a very low-cost source of energy.® Wind resources
are modelled using fixed generation profiles by month and block that do not respond to
system dispatch conditions. As a result, their value to the system is driven by energy

production and accredited capacity contributions rather than dispatch flexibility.

As implemented in the capacity expansion analysis, Manitoba Hydro’s resource

characteristic assumptions reflect important aspects of wind resources:®

e The capacity expansion model includes eight wind resource units
representing up to 6,000 MW of total installed capacity, structured to
reflect increasing transmission integration costs as resources are developed
farther from load centers.

e The first 700 MW wind resources are assumed to provide accredited
capacity equal to 20% of the nameplate capacity. The model assumes
declining winter capacity accreditation as wind penetration increases on the
Manitoba Hydro system, so beyond these initial additions, wind is
represented through continuous projects with progressively lower
accredited capacity contributions. For installations beyond approximately
2,500 MW of cumulative wind capacity, the accredited capacity declines to
as low as 1%, reflecting diminishing coincidence with winter peak demand
and increasing reliability challenges at higher penetration levels.

e Wind development is constrained by an annual build limit of 600 MW, and
sequential build requirements are applied to make sure that wind
deployment is realistic consistent with development, transmission, and
integration timelines.

e Wind costs are represented as PPAs and modelled as fixed annual operating
costs over the assumed life of the facility. Wind PPA prices, integration
costs, and the value of investment tax credits decline over the study
horizon. These assumptions are meant to reflect anticipated technology
cost reductions and policy phase outs.

88 |RP, Appendix 6, p. 3.
89 |RP, Appendix 7.1, pp. 25-26.
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In certain scenarios, 600 MW of wind is forced into the system to reflect the
procurement of Indigenous majority-owned wind projects in alignment with Manitoba’s
Affordable Energy Plan, with 200 MW projects forced into the portfolio in 2029, 2031,
and 2033. In these cases, the remaining available wind capacity is adjusted so that any
additional wind selected by the model reflects the cost, capacity credit, and integration

characteristics of the 601°* MW and beyond under non-policy driven scenarios.

Costs for wind resources (and all other supply-side resources besides hydropower and
nuclear SMRs) are based on an average of publicly-available sources including US Energy
Information Agency, National Renewable Energy Laboratory, Lazard, and Lawrence

Berkeley National Laboratory.*

5.4.4 Solar

Solar resource assumptions are provided in Section 2.2 of IRP Appendix 6 and Section
7.3 of IRP Appendix 7.1. As noted in the IRP, solar generation is not an optimal match for
Manitoba’s timing of energy and capacity needs.®! The highest output is in the summer,
while Manitoba’s highest energy and capacity needs are in the winter. Due to the timing
of peak load on Manitoba Hydro’s system (overnight winter hours), solar generation is
assumed to provide no capacity value. It does provide energy value and is selected as an

energy resource later in the study period in some scenarios (see Section 7.5.1 below).

Solar generation in the model is represented by two continuous resource options with
maximum capacities of 1,700 MW and 1,300 MW, respectively. Manitoba Hydro
assumes a 9-year project lead time, with the first year available in the model of 2034.

5.4.5 Hydropower

Manitoba Hydro includes multiple candidate hydro resources in the capacity expansion
model, including both capacity increases to existing plants (referred to as “supply-side
enhancements,” or “SSEs”) and new hydropower stations. Resource assumptions for
both types are provided in Section 2.3 of IRP Appendix 6 and Section 7.11 of IRP
Appendix 7.1. Manitoba Hydro maintains detailed information about the various
options, unit characteristics, development timelines and conditions, as well as cost
estimates. These site-specific characteristics are incorporated into the capacity
expansion model such that the optimization results consider the constraints of each

candidate project. For example, the IRP notes that certain supply-side enhancements

% |RP, Appendix 6, p. 65.
91 |IRP, Appendix 6, p. 6.
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must be completed during scheduled maintenance on the existing assets.?? Such
limitations, as reflected in the modelling analysis, help ensure that the analytical results

lead to insight on feasible resource plans.

Manitoba currently has 12 potential sites where new hydropower stations could be
added, representing 3,500 MW of total capacity.”® The IRP provides specific details on
Conawapa and Notigi, as those sites have the most economic potential. Notigi is a
smaller site offering 84 MW of winter capacity, with a first available year in 2035.
Conawapa is a much larger site (1,043 MW of winter capacity) and a much longer
development timeline, with a first available year of 2043. Although these are the most
economic new resources, as noted by Manitoba Hydro, the capacity expansion model
includes multiple other stations as selectable options, which are selected in certain

scenarios and sensitivities.

For uprates to existing stations, Manitoba Hydro’s SSE resources are modelled in
multiple configurations, with differing incremental capacity and dependable energy
contributions depending on the specific scope of the enhancement project. These
resources generally have a shorter lead time, and are included in many of the

development plans considered for the planning period out to 2035.

5.4.6 Combustion Turbine and Combined Cycle Technologies
Manitoba Hydro’s capacity expansion model includes multiple thermal resource options
based on similar combustion turbine and combined cycle technologies:

e Natural gas combustion turbines (CTs)

e Natural gas combined cycles (CCs), with and without carbon capture and
sequestration

e Renewable natural gas CT and CC units
e Renewable diesel (also referred to as biodiesel) combustion turbines
e Hydrogen-fueled CT and CC units
The resource options also include biomass steam turbine units, which are discussed

separately in the following subsection.

Combustion turbine units are referred to as simple-cycle plants, where combustion of a

fuel source powers a turbine to generate electricity. In addition to a conventional CT

%2 |RP, Appendix 6, p. 13.
93 |IRP, Appendix 6, p. 10.
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unit, the capacity expansion model also includes an aeroderivative unit, which is more
expensive on a $/kW basis, but is significantly smaller than a CT unit and is sometimes
selected by the model to meet small capacity needs. Combined cycle plants also utilize a
CT unit, but include a heat recovery steam generator (HRSG), which captures waste heat
from the CT units to create steam, and power a secondary steam turbine. This process
generates more energy for the same amount of fuel burn, making these units more

efficient, but also more capital intensive. Both CT and CC units are mature technologies.

Several of the resource options also include carbon capture and sequestration (CCS)
technology. CCS can capture the majority of CO; created through fuel combustion and
store it through a number of methods, including underground geologic storage. The IRP

notes that:

Manitoba Hydro has not done any studies related to the geological storage of
CO; in Manitoba. However, potential large-scale geological sites are known to
exist in southwest Manitoba with up to 13,500 million tonnes of prospective
storage from the Deep Cambrian Sands.**
CCS adds significant cost to the resource options, and reduces the efficiency of the unit
due to the energy required to operate the CCS components. Nevertheless, units with
CCS are selected in several of the capacity expansion scenarios due to the long-term net

zero emission requirements.

The primary near-term resource CT and CC options are fueled by natural gas. Natural gas
fuel supply is assumed to be unlimited, although tiered transportation costs increase as
more CT capacity is added to the system. Due to modelling limitations, the tiered costs

are applied outside of the model rather than within the optimization.*®

The alternative fuels have later availability in the model and individual fuel

characteristics. Key elements of these fuel characteristics are discussed below:

e Hydrogen:% The use of hydrogen fuel requires integrated modelling of both
the generation units and the electrolyzer systems needed to produce
hydrogen fuel. The capacity expansion model can select either CT or CC
units fueled by hydrogen. Each are available at multiple different capacity
factors ranging from 2% to 8% for CT units and 12% to 19% for CC units
reflecting hydrogen availability assumptions. The turbines each have an
associated electrolyzer that operates at a 100% capacity factor from April

% IRP, Appendix 6, p. 35.
% |IRP, Appendix 7.1, p. 30.
% |RP, Appendix 6, pp. 30-33, and IRP, Appendix 7.1, pp. 33-36.
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through September, consuming electricity from the system to produce
hydrogen that is then stored for use during the winter peak periods.
Hydrogen fuel is allocated primarily to winter months, with 50% in January
and 25% each in December and February for the lowest capacity factor
units, while higher capacity factor units have more complex allocation
patterns across additional months. A maximum daily operating constraint of
12 hours applies to all hydrogen units, and fuel cannot be carried over from
one month to the next due to modelling limitations. The total build limit for
2% and 4% capacity factor hydrogen units is set at 3,225 MW to ensure the
applicability of firm capacity accreditation assumptions as hydrogen
penetration increases.

e Renewable diesel (biodiesel):%” Renewable diesel CTs are a zero-emission
thermal capacity option but are severely constrained by fuel availability. The
model allows addition of a maximum of four 248 MW units, each limited to
a maximum of 168 hours of annual operation representing a 1.92% capacity
factor. This limitation reflects the constraint that renewable diesel fuel
supply must be producible within Manitoba without disrupting established
agricultural export markets for the required feedstock inputs such as oilseed
crops.

e Renewable natural gas (biomethane):%® Renewable natural gas is not a

separate technology type, but is available as a non-emitting fuel type that

can be used in CT and CC plants. Renewable natural gas is available as a

backup/replacement fuel at a cost of $40/MMBTU, which is significantly

more than natural gas, with an additional cost penalty applied to ensure

renewable diesel is consumed before switching to renewable natural gas.
The capacity expansion model includes multiple variations of CTs and CCs to reflect
specific development opportunities and characteristics. For example, Manitoba Hydro
has determined that there is potential to develop thermal plants at a brownfield site at
Brandon. Development of the units at a designated brownfield location offers reduced
fixed O&M expenses and lower transmission costs compared to the CT and CC units that
can be developed at greenfield sites.® Manitoba Hydro models varying annual and

cumulative build limits for the different technologies.

The overnight capital cost assumptions for the primary CT and CC unit types are
summarized in Table 33 below. The table also includes the assumed change in

technology costs through the study period. It is important to note that Manitoba Hydro

97 IRP, Appendix 6, pp. 28-29, and IRP, Appendix 7.1, p. 32.
% |RP, Appendix 7.1, pp. 16, 30.
% IRP, Appendix 7.1, pp. 29-30.
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assumes that costs of these technologies will decline over time, explaining: “The natural
gas CT resource option is a mature and reliable technology with further increases in CT
performance anticipated in the coming decades. These improvements are anticipated to

result in subtle cost improvements over time.” 1%

Table 33.  Cost Assumptions for CT and CC Resources'®

TYPE OVERNIGHT DECLINE DECLINE
CAPITAL COST THROUGH 2035 THROUGH 2050
($2024 CAN)
NG CT $1,486/kW -9% -21%
CCCT $1,714/kwW -7% -18%
CCCT+CCS $3,855/kw -11% -25%
Hydrogen CT $3,808-9,752/kW -7% -21%
Biomass $7,601/kwW -11% -20%
Aeroderivative $2,708/kwW -7% -21%
Biodiesel CT $1,637/kW -9% -21%
Hydrogen CCCT $9,552 — -10% -21%
14,615/kW
BECCS $19,220/kW -11% -25%

The CT cost assumptions are based on an average of estimates from publicly available
sources that include the US Energy Information Agency, National Renewable Energy
Laboratory, Lazard, and Lawrence Berkeley National Laboratory.%?

5.4.7 Biomass

Manitoba Hydro includes two biomass resource options as candidate resources in the
capacity expansion analysis. The first is a traditional biomass steam turbine based on
existing, mature technology,'® and the second adds carbon capture and sequestration

(CCS) technology, with the combined technology components referred to as “BECCS.” 1%

100 |RP, Appendix 6, p. 18.

101 |RP, Appendix 6, pp. 18-39. IRP, Appendix 7.2, p. 57.
102 |RP, Appendix 6, p. 69.

103 |RP, Appendix 6, pp. 24-25.

104 |RP, Appendix 6, pp. 37-39.
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Biomass units use waste wood, agricultural waste, crop residues or dedicated crops as
the fuel to generate electricity. Manitoba Hydro assumes that the combustion of
biomass in these units does not create any net CO, emissions, premised on the fact that
the biomass pulls CO; from the atmosphere as it grows, so releasing the same CO,
through combustion is a net-zero process. Biomass units have a first year of availability
in 2033.

The BECCS units, with first availability year of 2035, play a unique role in the long-term
capacity expansion analysis in scenarios where the 2050 net-zero economy constraint is
modelled. Because a conventional biomass unit is considered carbon-neutral, the
sequestration of emitted CO, makes these units carbon-negative, meaning they can help
offset emissions in other areas of the economy. As a result of this characteristic, these
units are selected in several of the long-term expansion portfolios despite the fact that
they are modelled as significantly more than double the cost of biomass units without
CCS (see Section 7.5.1 below).

5.4.8 Market Capacity Imports

The capacity expansion model includes limited representation of import capacity
purchases as a resource option, which “are intended as a short-term bridging resource

until other forms of capacity are brought online.” %

As a short-term resource, Manitoba Hydro limits capacity purchases to durations of five
years or less and at a maximum of 50 MW, modelled as two 25-MW resources. While
Manitoba Hydro’s current long-term capacity import limit from the Midcontinent
Independent System Operator (MISO) market is 1,400 MW, limiting capacity purchases
to a 50 MW annual maximum in the model is a reflection of Manitoba Hydro’s view that
“the MISO market is evolving toward peak demand during both summer and winter and

has little or no winter surplus capacity to meet Manitoba needs.” %’

In determining the resource cost for capacity purchases, Manitoba Hydro does not
assign a cost that reflects current or projected market valuations but rather sets the cost
“20% above the cost of an aeroderivative combustion turbine, to enforce a preference
for Manitoba-based capacity solutions over market solutions.”'%® The 20% premium does

not appear to be derived from market analysis or empirical evidence that market

105 |RP, Appendix 6, p. 26.

106 |RP, Appendix 6, pp. 26-27.
107 |RP, Appendix 6, pp. 26-27.
108 |RP, Appendix 7.1, p. 28.
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purchases would cost more than domestic alternatives. Instead, this cost level functions
as a modelling assumption that reflects a policy preference rather than an observed

economic relationship.

In essence, the capacity imports are modelled to represent a high-cost, last-resort option
to help fill capacity deficiencies when no other resources can be feasibly added to the

portfolio.

5.4.9 Nuclear Small Modular Reactor

After decades of minimal development of new nuclear capacity in North America, there
is increasing investment in development of advanced designs, including small modular
reactors (SMRs), with several designs in the testing and pre-deployment phase. The
capacity expansion analysis considers two potential designs of SMRs, the 77 MW
NuScale concept, and the 300 MW BWRX-300 concept, due to those designs being the

“most advanced designs in North America.”1%

Regarding the NuScale technology, the U.S. Nuclear Regulatory Commission (NRC)
granted approval of the reactor design in 2025.1° NuScale has some projects in the
development phase, including a September 2025 announcement to develop up to 6 GW
of capacity for the Tennessee Valley Authority in the U.S., but no sites are being actively

developed.!!

The BWRX-300, developed by GE Vernova Hitachi, is being actively developed at the
Darlington site in Ontario, and there are potential developments under active
consideration in the US, Canada, and Europe.!'? The Darlington site will be a first-of-its-
kind development, with an in-service date expected before 2030, so the costs and
construction timeline for that project will provide import insight to the industry about

project feasibility.

109 |RP, Appendix 6, p. 40.

110 United States Nuclear Regulatory Commission, NuScale US460 Standard Design Approval Application
Review, Approved May 2025 - https://www.nrc.gov/reactors/new-reactors/advanced/who-were-
working-with/applicant-projects/nuscale-us460

111 TVA and ENTRAL Energy Announce Collaborative Agreement in 6-Gigawatt NuScale SMR Deployment
Program - https://www.tva.com/news-media/releases/tva-and-entral-energy-announce-collaborative-
agreement-in-landmark-6-gigawatt-nuscale-smr-deployment-program--largest-in-u.s.-history

112 Canadian Nuclear Safety Commission, Darlington New Nuclear Project - https://www.cnsc-
ccsn.ge.ca/eng/reactors/new-reactor-power-plant-projects/new-reactor-power-plant-
facilities/darlington-new-nuclear-project/
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Given the fact that SMRs are not currently mature technologies, the assumptions used
by Manitoba Hydro in the capacity expansion model will be subject to considerable

refinement in future IRPs as projects are developed.

5.4.10 Battery Storage

Battery storage has emerged as a rapidly-expanding solution to capacity needs in many
markets and utility systems. Batteries have unique characteristics that present both
significant advantages and disadvantages compared to conventional generation types.
Batteries are highly dispatchable and can provide a range of grid services to help
manage variability, they do not require a fuel source beyond the grid interconnection
and thus can be sited strategically where they provide the most value, and they are
comparatively quick to deploy. On the other hand, most current battery configurations
have a limited duration (typically 2 or 4 hours), plants have shorter life spans than
conventional generation, and the performance of the technology can be negatively
impacted by cold temperatures.

Modelling parameters for battery storage resources are provided in Section 2.13 of IRP
Appendix 6 and 7.13 of IRP Appendix 7.1. As a resource option in the capacity expansion
model, Manitoba Hydro models a lithium ion battery resource with a 5-hour duration,
and assumes a 90% round-trip efficiency. Batteries are modelled as a continuous unit,
meaning the model can build a battery of any size (even less than 1 MW) for the same
unitized price. The first year available for selection is 2030. Manitoba Hydro assumes a
maximum build of 350 MW, determined based on the difference between the average
daily high and low demand levels during the winter, in order to ensure there are

sufficient resources to recharge the battery each day.

Manitoba Hydro assumes that battery storage units receive a 100% capacity
accreditation, meaning they contribute to meeting firm capacity needs at a level
equivalent to the nameplate capacity of the unit.?*®* Manitoba Hydro indicated to
Daymark that analysis conducted outside of the IRP process suggests that this 100%
accreditation assumption may overestimate the actual expected contribution of battery

resources, so this may be revised in future IRPs.

Manitoba Hydro provides the following summary of the modelling methodology in the
production cost model:

13 |RP, Appendix 7.1, p. 42.
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Battery charging and discharging is determined at the block level and is based
on system optimization. Due to model limitations, the net generation across any
given month is 0 GWh, as the battery must start and end each monthly time step
with the same amount of energy in storage.***
The impact of batteries on the grid is reflected in the capacity contribution and the net
energy consumption of the resource (due to the roundtrip efficiency of the battery,
charging energy exceeds discharge energy). Manitoba Hydro notes that there are several

other potential benefits of battery storage units that are not considered in the analysis:

Additional indirect benefits include transmission/distribution asset deferral,
transmission congestion relief, time shifting of energy, energy arbitrage,
ancillary services (frequency regulation, frequency response, black start support,
voltage control), and customer services (power reliability, time of use or demand
charge reductions). However, many of these benefits can be difficult to quantify
or evaluate and are not represented at this time.'*®

5.5 Discussion and Conclusions

In general, Daymark finds that Manitoba Hydro’s process for identifying, screening, and
developing parameters for resource options is reasonable. Manitoba Hydro’s expertise

on potential new hydroelectric resources is clearly demonstrated through the detailed

information about enhancement and expansion options presented in the IRP.

For non-hydro resources, Manitoba Hydro’s team primarily uses publicly-available data
on resource characteristics and costs, supplemented by independent analysis regarding
the potential value of resources to Manitoba’s grid. In most cases, Manitoba Hydro uses
a highly detailed representation of resources in the model which reflects resource
characteristics that are specific to Manitoba Hydro’s unique operational and planning

conditions.

There are a few areas Daymark observed where the resource options, characteristics,

and/or representation in the models could be improved.

Combustion turbine cost assumptions do not reflect current market conditions
The modelled cost assumptions for CT units (and by extension, CC units) are significantly
lower than current conditions in the marketplace. Driven in part by the dramatic
increase in forecasted demand due to data centers and other large load customers,

there has been a surge in demand for new dispatchable generation capacity in recent

114 |RP, Appendix 7.1, p. 42.
115 |RP, Appendix 6, p. 43.
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years. This is a global trend, but it has been well-documented in North American
markets.''® As a consequence, the price of turbines has increased drastically, and the
assumptions Manitoba Hydro used in the capacity expansion analysis are outdated. In
addition to the current cost estimate being too low, Manitoba Hydro assumes that costs
of CTs and CCs will decline over time, which contradicts recent market realities. As
discussed in more detail in Section 7.5.2, Manitoba Hydro conducted a sensitivity
analysis in which it updated the CT cost assumptions in response to discussions with
Daymark. The results of that sensitivity showed a meaningful impact on capacity

expansion results.

Battery storage resource assumptions should be refined and expanded

Battery storage is one of the few resources available to meet near-term capacity needs
and, as such, should receive additional consideration by Manitoba Hydro. While the IRP
assumes a five-year lead time (equal to the lead time of new CTs), battery storage
facilities can often be deployed quickly due to reduced site work and fuel supply

requirements.

The sole battery storage configuration considered in the model is the 5-hour lithium ion
option. As battery storage technology matures, it is typical for IRPs to include multiple
short/medium-duration options (often 2-, 4-, and 8-hour options) so that the model can
optimize for duration around system peak characteristics. The resource options should
also consider different resource sizes, as there could be economies of scale for larger
units that could impact resource selection. As discussed in more detail below, Manitoba

Hydro has not considered long-duration storage as an available resource option.

In addition to the resource options, Manitoba Hydro should continue to evaluate the
potential interaction between batteries and other resources to determine whether the
value of batteries is appropriately reflected. We previously discussed Manitoba Hydro’s
investigation of capacity accreditation for batteries, and the acknowledgement that
there are benefits of batteries that are not currently captured in the analytical

methodology.

116 “Massive gas turbine demand powers up Siemens, other providers.” ASM International. December 4,
2025. Available at: https://www.asminternational.org/massive-gas-turbine-demand-powers-up-
siemens-other-providers/

Quoting Siemens CEO Christian Bruch: “2025 order intake has been substantially supported by the
electricity needs for data centers... Especially in the U.S., this has driven unprecedented demand for
gas turbines and grid infrastructure and translated into record high order volumes for Siemens Energy
in fiscal year 2025. We almost doubled the number of gas turbines sold globally, from 100 units in 2024
to 194 units in 2025.”
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Lastly, Daymark concludes that there are likely shortcomings in the structural elements
of Manitoba Hydro’s models that impact the valuation of storage resources. As discussed
above, Manitoba Hydro has acknowledged certain limitations of the model related to
the monthly cycles. In addition, rather than simulating each hour chronologically, the
model uses an approach where hours are aggregated into 21 blocks for unit dispatch
purposes. The generalized approach of the 21-block method likely undervalues the
contribution of battery storage resources during periods of volatility. This 21-block issue

is discussed in more detail in Section 7.3 below.

For the next IRP, Manitoba Hydro should prioritize updating the representation of

battery technologies in the capacity expansion analysis.

Additional import purchase options should be considered

Manitoba Hydro’s capacity expansion modelling includes minimal consideration of
imports as a resource. This is by design, as Manitoba prioritizes using in-province
resources for long-term supply and considers imports “as a short-term bridging resource
until other forms of capacity are brought online.”*'” This is a reasonable risk
management approach in the long-term, particularly given the current trends in the
MISO market regarding tightening capacity conditions. However, imports can potentially
provide important near-term risk mitigation and optionality for Manitoba Hydro, given
its current planning challenges. For example, due to the timing of the capacity need
facing Manitoba Hydro, there are limited options that could be feasibly implemented,
and the capacity expansion decisions are accordingly limited. Capacity purchases, even

on a short-term basis, can act as a bridge to allow development of other resources.

Additionally, purchases provide a risk-mitigation hedge in the event that there are any
delays in the development and construction of new resources. As discussed in more
detail in Section 7.10, Manitoba Hydro’s risk analysis assigned all shortlisted plans a
“Very High Risk” rating for “Execution” (i.e., placing resources in-service in time to meet
capacity needs). Given the importance of this risk, Manitoba Hydro’s decision to
constrain market purchases from being included in the Recommended and Alternative
Development Plans introduces additional risk into an already constrained supply
outlook. The IRP includes a Near-Term Action item to “pursue near-term import/export
market options as available,” noting that “[t]his includes optimizing the use of

interconnections and participating in regional market opportunities to ensure cost-

117 |IRP, Appendix 6, p. 26.

134 Independent Expert Consultant Report: Manitoba Hydro’s 2025 Integrated Resource Plan



DAYMARK

ENERGY ADVISORS
APRIL 24, 2026

effective and reliable energy supply.”*® This appears to be an acknowledgement that
contracts may be available that are economically beneficial and/or required for resource

adequacy.

The modelling of market purchases as inherently more expensive than domestic capacity
does not fully account for the option value of contracts that could be executed in the
near term to hedge against future risk related to delays to resource in-service dates. If
Manitoba Hydro’s domestic resources come online as planned and market purchase
contracts prove to be unnecessary, the downside is bounded. Under such circumstances,
Manitoba Hydro would pay a premium for supply it did not fully utilize. At the same
time, this risk could be mitigated to some degree given that Manitoba Hydro may be
able to sell such excess capacity into the MISO market that Manitoba Hydro believes is

becoming more winter constrained.

The potential risk of purchasing unnecessary capacity is worth considering when the
alternative outcome carries a much larger potential cost. If domestic resources are
delayed, which is possible given that all shortlisted plans scored very high on “Execution”
risk and Manitoba Hydro does not have contracted backup capacity to replace the
delayed resources, the resulting supply gap would need to be managed through

potentially more expensive real-time measures.

Non-emitting resource option parameters will be critical in future IRPs
Renewable fuels and generators with CCS are not primary resources for the planning
period through 2035, but the build-out of these resources increases in later years for
most scenarios to meet the 2050 net-zero requirement. As such, future IRPs may include
more of these resources within the next 10-year planning period. It is important that the
model assumptions reflect the latest advances in operation characteristics and updated
cost estimates. Manitoba Hydro has developed a strong foundational methodology for
evaluating these resources in the capacity expansion model and should continue to

refine these assumptions to inform the long-term planning process.

Long-duration storage should be considered in future IRPs
Manitoba Hydro excluded long-duration storage from consideration in the IRP due to the
early development status of the technology. Manitoba Hydro lists long-duration energy

storage at a Technology Readiness Level (TRL) of 3 to 6+ and elected not to model it due

18 |RP, p. 69.
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to it being at a medium or lower maturity level.'* However, Manitoba Hydro also lists
SMRs, hydrogen, and renewable fuels (biomethane and biodiesel) at TRL 6 and chose to
model these resources as options in the capacity expansion model even though they are
not yet commercially widespread. As noted in the IRP, “[t]hese technologies are included
within the inventory of resource options for evaluation to provide insight into their
potential future use within the Manitoba Hydro system, even if they are not yet
commercially available.”*?° While it is true that long-duration storage technologies are
generally in the pilot or pre-commercial phase, several grid-scale projects are underway
in North America. Form Energy, for example, has launched production at its first high-
volume manufacturing facility in West Virginia, and began delivery of its first commercial
pilot system in Minnesota, with the full project expected to come online in 2026. Form
Energy has over 75 GWh of commercial projects under agreement, including multiple
large-scale deployments.'?! Similarly, Hydrostor's Willow Rock Energy Storage Center is
a 500 MW / 4,000 MWh advanced compressed air energy storage project capable of
eight hours of continuous discharge, located in Kern County, California. The project has
recently received permits and signed a partial offtake agreement in early 2026.2? Given
Manitoba Hydro’s growing need for firm capacity during prolonged winter peaks, the

exclusion of long-duration storage warrants additional consideration in the future.

119 |RP, Appendix 6, pp. 59-60.
120 |RP, Appendix 6, p. 60.

121 Form Energy and Crusoe announce strategic capacity agreement to deliver 12 gigawatt-hours of multi-
day energy storage systems - https://formenergy.com/form-energy-crusoe-announce-agreement-for-
12-gigawatt-hours-of-iron-air-batteries-for-ai-data-centers/

122 Hydrostor’s Willow Rock Energy Storage Center Signs Offtake Agreement with California Community
Power - https://hydrostor.ca/hydrostor-signs-offtake-agreement-with-california-community-power/
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6 RATE STRUCTURES

Rate structures can incentivize certain customer behaviors, such as load-shifting or load
reduction, that have implications for resource planning. The consideration of these rate
structures is not a universal component of utility IRPs. This section addresses the extent

to which Manitoba Hydro considered these factors.

6.1 Scope ltem

This section addresses scope item #6.

Scope item #6

Are new rate structures, such as inclining block rates, time of use rates, etc.,
objectively evaluated and considered in identifying the recommended

development plan?

6.2 Consideration of Rate Structures in IRP
The IRP includes only minor consideration of alternative rate structures. For example,

Manitoba Hydro considered the future of the curtailable rate program:

For industrial demand response, the existing curtailable rate program (CRP) at
161 MW was extended throughout the study period to represent an enhanced
and expanded program with more participants contributing to the overall

demand reduction.'??

The IRP does not explicitly consider the role that other rate structures might play in
reducing/modifying future energy or capacity demand or providing demand-side

resources to address system needs.

6.3 Discussion

While Manitoba Hydro included relatively minimal consideration of alternative rate
structures in the IRP, in discussions with Daymark they acknowledged that this analysis
could be enhanced in the future as more specifics are known with regard to potential
future programs for reducing energy or peak. It would be most appropriate to integrate
future consideration into the development of the reference load forecast and load
projection scenarios, as well as the development of DSM assumptions.

123 |RP, Appendix 5, p. 39.
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7 RESOURCE EXPANSION ANALYSIS

One of the core objectives of an IRP is to develop a forecast of need for incremental
energy and/or capacity resources, and identify the portfolio of supply-side and demand-
side resources that will best meet those needs, considering a range of planning
priorities, risks, and constraints. The resource expansion analysis, of which the capacity
expansion modelling is a key component, is a multi-phase process that incorporates
many key inputs discussed in prior sections of this report.

This section discusses each phase of Manitoba Hydro’s resource expansion analysis,
beginning with the preliminary scenario and sensitivity analyses, continuing through the
development of potential development plans, refinement of the short list, and
culminating in the selection of the Recommended Development Plan and the Alternative
Development Plan. This section begins with a discussion of the key drivers of resource
need and a review of the modelling tools and methodology.

7.1 Scope ltem

This section addresses scope item #7.

Scope item #7

Review and comment on resources proposed by Manitoba Hydro to meet the
demand for electrical energy and power, including determining the most cost-
effective resource mix to meet those needs

a) inthe absence of policy constraints (i.e., a least-cost approach);

b) considering existing and anticipated legislative and policy constraints;
and

c) considering the impacts of fuel switching between electricity and natural
gas, as well as any technical or policy constraints affecting the use of
natural gas.

Please comment separately on baseline resources selected by Manitoba Hydro
and any contingency scenarios that would result in additional energy or power
resources above the baseline resources projected under the plan.

7.2 Drivers of Resource Need

Manitoba Hydro has identified a capacity need date of 2029/30, and a likely need for
new dependable energy in 2032. This results in an accelerated timeline for new
generating resources, and limits the number of available resource options to meet that

need.
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It is instructive to examine the drivers of the timing and magnitude of need. The figures
below summarize the capacity and dependable energy needs (using the 2024 ELF),
compared to the resources available to meet those needs, assuming no new supply

resources are added.
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Figure 24. Balance of capacity need and firm capacity resources'?*

This figure demonstrates that the primary driver of the capacity need is the loss of
supply due to the expiration of import contracts over the next five years. To a lesser
extent, load growth between 2025 and 2030 also contributes to the capacity need.
Without new supply, Manitoba Hydro is expected to have a capacity shortage before
2030.

124 paymark analysis based on IRP, Attachment 1.3, Additional Supporting Data, Figures 10 and 22.
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Figure 25. Balance of energy demand and dependable energy supply'?®

This figure shows that while Manitoba Hydro does not have a large surplus of
dependable energy, the need is not as urgent as the need for capacity. Even as capacity
contracts expire, Manitoba Hydro assumes that energy is available to import over the

existing interties.

7.3 Review of Modelling Tools and Methodology

Manitoba Hydro uses a suite of commercial modelling tools, supplemented by purpose-
built analytical tools, to support analysis for the IRP. A core component of the toolset is
the capacity expansion model. Section 3 of IRP Appendix 7.1 describes the modelling
software Manitoba Hydro uses for this analysis. Manitoba Hydro licenses a software
package from PSR, and uses two primary tools from the developer:

The first is a production costing model which is used to simulate the electrical
system and determine the cost of producing energy. The second tool is a capacity
expansion planning model which is used to explore adding new resources to an
existing system to meet growing demand. Both models are integrated during
capacity expansion planning, working together to identify low cost expansion

125 Daymark analysis based on IRP, Attachment 1.3, Additional Supporting Data, Figures 12 and 24.
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plans that ensure the accredited capacity and dependable energy demands of
the system are met, while also considering other system constraints.*?
The production cost model simulates the operations of Manitoba Hydro electric system,
incorporating system demand, flow conditions, generation resource output,
dispatchable unit dispatch, import and export transactions with external markets,

transmission limitations, and other system conditions.

The capacity expansion planning model performs the resource selection steps to add
new capacity and energy resources when needed, considering resource capital costs,
fixed and variable O&M costs, and other system costs, to compile a long-term portfolio
that minimizes costs while meeting capacity and dependable energy requirements,
subject to a range of model constraints.

Section 3.3 of IRP Appendix 7.1 provides a helpful description of how the two models
work together to identify an optimized system portfolio, and notes the iteration process
between the tools.

Figure 26. Capacity Expansion Planning Model Optimization Process'?’

In the first step of the process, the model considers the balance of supply and demand
for both energy and capacity. If the model reaches a year in which there is a shortage, it

will seek to add a resource from the pool of selectable options for that year. The model’s

126 |RP, Appendix 7.1, p. 11.
127 |IRP, Appendix 7.1, p. 13.
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objective function is to build out a portfolio that minimizes the present value of net
system costs. This value as noted in the figure above, is the sum of capital costs,
operating costs, and import costs, net of export revenue. When considering the capital
costs of new resources, Manitoba Hydro uses annualized investment costs.'?® Annualized
costs spread the total capital costs of a project evenly over the financial lifetime of the

asset, smoothing out the capital cost impact of a resource on the portfolio.

The capacity expansion model only considers the annualized costs of an asset incurred
during the optimization period, with the intention of allowing resources with higher cost
and longer lives (like hydro generation) to compete with lower cost, shorter lived
resources. As such, if a capital-intensive resource is added to the portfolio in the final

years of the study period, the full capital cost is not included in the portfolio cost.

There are some unique characteristics of this annualization approach which were
highlighted by Manitoba Hydro:

Annualized investment costs can introduce modelling noise towards the end of
the study horizon if new resource options are added during at that time.
Resource optimization decisions made near the end of the study horizon are
based on just a few years of the new resource operating in the system, such that
only a portion of the total investment and operating costs of the project are
accounted for and there is no consideration for how operating costs and benefits
may evolve with a changing system beyond the end of the study period.
Furthermore, the capacity expansion model uses the present value of annualized
costs during its optimization, which reduces the significance of capacity
expansion decisions further out in the study horizon. This can all reduce
confidence in specific capacity expansion modelling results at the end of the
study period and requires that meaningful findings about the end of the study

horizon are corroborated through trends identified across multiple cases.?

Notably, this quote acknowledges shortcomings in the reliability of optimization

decisions farther out in the study period.

In each simulation to determine the optimal resource portfolio, Manitoba Hydro runs
the capacity expansion model through 2055 (five years beyond the planning period end

of 2050). The resulting resource build-out is then used to simulate the system in the

128 |RP, Appendix 7.1, pp. 55-57.
129 |RP, Appendix 7.1, p. 57.
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production cost model for each of the 112 inflow years, providing an assessment of the
performance of the system under the full range of inflow conditions. As noted in Figure
26, above, this process may be conducted for multiple iterations to identify the optimal

portfolio.

Unlike many system planning models, Manitoba Hydro’s production cost model does not
simulate each hour chronologically. Instead, all hours in each month are assigned to one
of 21 “blocks,” with hours grouped together based on similarities in electrical demand
(i.e. on-peak/off-peak, weekday/weekend, etc.) This approach is used for computational
efficiency. As described by Manitoba Hydro, “[e]lectricity energy market prices, set-
profile generators, and applicable operational constraints are modelled using the same
21-block definition, preserving the relationships between coincident hours across these

inputs.” 130

While the full IRP study period extends to 2050, the optimization process determining
the lowest cost resource additions is performed on shorter periods of five to eleven
years, referred to by Manitoba Hydro as “rolling horizons.” During discussions with
Daymark, Manitoba Hydro explained that the model selects resources within an
individual rolling horizon based on system needs and investment costs that occur during
that particular five to eleven year timeframe. In other words, the model does not base
resource decisions made during any given rolling horizon on the needs that will occur in
a future rolling horizon. The modelling cases do not all use identical rolling horizons. For
example, of the original eight scenarios (discussion in Section 7.5 below), five use the
2024-2034 period as the initial rolling horizon, and three scenarios use a shorter initial
horizon of 2024-2029.

In evaluating the optimized capacity expansion portfolio the model selects resources
from the list of available options, previously discussed in Section 5. As addressed in that
section, there are multiple resource characteristics identified in the model that impact
which resources are available to be selected by the economic optimization process,
including the first year available, the maximum build per year, maximum cumulative
build by type, accredited capacity, dependable energy, and others. One of the key factors
impacting the optimized build-out is whether the resource option is represented as a
binary, integer, or continuous project. These options are described as follows:

e Binary Project: Only one instance of this project can be built.

130 |RP, Appendix 7.1, p. 12.
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e Integer Project: Multiple instances of this project can be built.

e Continuous Project: This type of project can only be built once, but it is
possible to build only a portion of the project (i.e., anywhere from 0% to
100% of the installed capacity specified). Portions of the project can be built
across multiple years throughout the study. The total amount of installed
capacity for each increment of the project installed by the end of the study
cannot exceed 100%.%
The choice of resource representation as binary, integer, or continuous has a significant
impact on the results of the analysis, specifically for units modelled as continuous, which
include battery storage, solar, wind, and energy efficiency. As described in Section 7.5
below, the model results during the scenario and sensitivity analysis for continuous
projects produce some unrealistic results that require manual modification to

incorporate into a development plan.

As the capacity expansion model seeks to identify the lowest cost resource portfolio, the
constraints and parameters in the model can result in a situation where the model
cannot identify a portfolio of resources that satisfies capacity and/or energy planning
criteria in a given year and load projection.'*? This outcome is not a function of
optimizing to a portfolio of low-cost resources but rather is a function of the model not
having enough available resources to select from to meet growing demand. In these
cases, the model uses a “proxy resource” with thermal unit characteristics to cover
energy and/or capacity shortfalls.!33 These units are strictly used to allow the
optimization model to solve, have an in-service life of only one year, and they are
assigned “punitively high investment costs to ensure actual resources are prioritized.” 3
These proxy resources were required in several scenarios to enable a successful model
solution, particularly in the early years of the study (pre-2030), before the earliest in-
service date of most resource options. As evidence that there are limited capacity
options through 2030, both the Recommended Development Plan and the Alternative
Plan forecast winter capacity shortfalls in winters 2027/28, 2028/29, and 2029/30 when
compared to the IRP build-out target.'*

131 |IRP, Appendix 7.1, p. 24.
132 |RP, Appendix 7.2, p. 61.
133 |RP, Appendix 7.2, p. 62.
134 |IRP, Appendix 7.2, p. 62.
135 |RP, Attachment 1.3, Figure 19 (p. 24) and Figure 25 (p. 30).
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The capacity expansion modelling produces a myriad of output data Manitoba Hydro
uses to evaluate individual resource options and aggregated portfolios, including
installed and accredited capacity by resource type, dependable and average energy,
import and export transactions, capital costs, operational and fuel costs, greenhouse gas

emissions, and ultimately the net system cost metric used for portfolio optimization.

7.3.1 Discussion

The modelling tools and the methodology employed to use them provides the analytical
grounding for the conclusions of the IRP process. Daymark offers the following
observations regarding the tools and methodology used by Manitoba Hydro in this

analysis.

Model software appropriately considers Manitoba Hydro’s current system
characteristics

The choice of PSR for the modelling software vendor, and the integration of the
production cost model and the capacity expansion model, provide the appropriate
technological foundation for the IRP analysis. Compared to other utilities, Manitoba
Hydro has a unique system, with particular characteristics and constraints that are
difficult to accurately represent in commercial software platforms, specifically the
representation of hydroelectric systems and reservoir management. Daymark has
previously conducted a significant review of Manitoba Hydro’s production cost model
and concluded that it is well-suited to effectively simulate system operations under a
range of inflow conditions.**® Through Daymark’s work across North America, we have
experience with several industry-standard modelling packages. Based on our experience
and our review of Manitoba Hydro’s toolset, we conclude that the PSR modelling system

appears to provide an appropriate set of analytical capabilities for the IRP study.

Rolling optimization horizons may impact resource selection

The multiyear rolling horizons essentially divide the study period into smaller
optimization windows, with the final portfolio linking those horizons together. Under this
structure, in each optimization window the model does not have visibility on the
forecast of capacity and energy demands in a future horizon. When energy and capacity
demand is growing at a steady rate, this approach would likely have only a limited
impact on results. However, this rolling horizon approach likely impacts results when
load growth is volatile, as in the case of the demand spikes in 2050 in Load Projections 2

136 Manitoba Hydro 2023/24 & 2024/25 General Rate Application. Daymark Energy Advisors. Independent
Expert Consultant Report: Export Revenues and Drought Operations. April 13, 2023.
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and 3, or when considering large and long-lived resources like new hydro plants or
nuclear SMRs. In reviewing results, Daymark observed that in multiple scenarios and
sensitivities, the capacity optimization selects the Conawapa plant in 2045, the first year
of the rolling horizon that includes the 2050 demand spike. This indicates that as soon
as the model anticipates the high load needs it opts for this investment. This suggests
that if the methodology used an optimization period that included the entire study

period, it may see different results, particularly as the demand spike in 2050 approaches.

It is unclear the extent to which the rolling optimization horizons impact the preference
for certain resource types, but this aspect of the modelling methodology should be
supported by Manitoba Hydro and fully documented in the IRP. Manitoba Hydro should
also evaluate the impact of the rolling horizon approach and consider alternative

approaches for future IRPs if appropriate.

Modelling methodology should standardize valuation of surplus capacity

As the capacity expansion model builds out resources to meet a capacity need, the size
of the new resources is rarely perfectly matched to the size of the need. Thus, there is
typically a capacity surplus in the years immediately after a new resource addition,
particularly for large supply-side resources. The model does not assume that surplus
capacity is sold to another utility or otherwise consider any market value for surplus
capacity, except in the case of the Conawapa plant. Due to the large size of the unit,
Manitoba Hydro includes a proxy capacity value, representing an assumption that it

would sell surplus capacity for a certain period after construction.

Treating surplus capacity differently across resources has the potential to skew results.
By adjusting the model methodology to include a value of surplus capacity, regardless of
which technology type creates the surplus, will allow for more equitable consideration
of resources within the optimization process.

Future grid evolution may require changes to modelling approach

The 21-block modelling approach used by Manitoba Hydro in the production cost model
reflects a simplification of the hourly dynamics of system loads and generation, and is
primarily used to reduce the complexity of the modelling process and reduce modelling
run times. This is an important objective, given the number of model runs needed to
test each portfolio against 112 inflow cases. However, the consequence of this

simplification is a loss of model granularity.
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Outside of IRP analysis, the current 21-block approach is regularly used by Manitoba
Hydro for reservoir management and other operational purposes. While the approach is
currently suitable for those applications, as the grid becomes more compley, it is likely
that IRP modelling could benefit from a more detailed chronological model. As
electrification, behind the meter generation, and non-hydro renewable generation
increases, the system volatility is also likely to increase. The 21-block approach may not
have the capability to effectively value certain resource characteristics in that future

system environment.

For example, battery storage is highly valuable in circumstances with high load
variability, and currently these benefits are not fully quantified by Manitoba Hydro’s
model package. Since batteries are often especially valuable during times of operational

and economic volatility, this generalized approach may undervalue the resource.

During discussions with Daymark, Manitoba Hydro indicated that it has conducted test
runs of its models using an hourly chronological mode (instead of the 21-block method)
in order to assess whether the results are generally consistent under both approaches,
and ultimately concluded that the 21-block method is sufficient. Nevertheless, while the
results may generally align under the current assumptions, as the system changes (e.g.
with more electrification, behind-the-meter generation, wind generation), a
chronological modelling approach is likely to be more effective at simulating system

dynamics.

Long-term model results impacted by annualization, convergence issues, and
“model noise”

Manitoba Hydro acknowledged that there are several elements of the modelling
methodology that reduce the confidence in capacity expansion resource decisions,
particularly at the end of the study period.*’ It is important to recognize this limitation
in the modelling, particularly given the long lead time for certain resources (such as the
Conawapa hydro plant with an earliest in-service date of 2043) that are expected to be

needed to meet a 2050 net-zero requirement.

For the current 10-year planning period, these limitations are less impactful, but
Manitoba Hydro should consider improvements that would increase confidence in the
modelling results before the next IRP cycle due to rapidly approaching decision points
for beginning development of major resource additions.

137 IRP, Appendix 7.1, p. 57.
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7.4 Overview of Resource Expansion Process Steps

Manitoba Hydro employs a detailed, multi-phase process to analyze the range of options
available to meet near-term and long-term resource needs, produce potential
development plans, and evaluate the plans on a range of risk and financial metrics.
Manitoba Hydro provided the following flow diagram to depict the modelling and
evaluation process. Daymark has annotated the graphic to highlight certain elements of

the analysis below.

Figure 27. Manitoba Hydro’s Flow and Modelling Process (Annotated)

1. The scenario and sensitivity analysis is a major modelling effort, evaluating eight
scenarios and ten sensitivity conditions, with some sensitivities evaluated over
multiple scenario conditions. In total, this phase represents dozens of capacity
expansion cases. The primary result of these runs during the 2025 IRP planning
process was to identify the six resource options that were feasible for consideration
for the 10-year planning period. Two of the capacity expansion scenario cases were
used directly as candidate development plans.

2. The least-regrets analysis is a critical step in the process, and represents the point of
the process when the ten development plans were established. For two of the ten
plans, Manitoba Hydro used the output of the capacity expansion model from the
scenario and sensitivity analysis. For the other eight, Manitoba Hydro manually
constructed the build-out through at least 2032 using insight from the scenario and
sensitivity analysis. After this lock-in period, the capacity expansion model was used
to determine the resource build-out through 2050.
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7.5 Scenario and Sensitivity Analyses
The scenario and sensitivity analysis methodology is described in Section 10 of IRP

Appendix 7.1 and the results are presented in Sections 2 and 3 of IRP Appendix 7.2.

This phase of the IRP includes significant analytical modelling, using the capacity
expansion and production cost modelling tools to evaluate optimized long-term resource
build-outs across a wide range of future conditions. This analysis provides the
foundation for the identification of feasible resource options which are then considered
during the creation of the candidate development plans.

7.5.1 Scenario Analysis

The scenario analysis phase includes capacity expansion modelling for three potential
load projections (previously discussed in Section 4) across four “resource options
strategies” reflecting potential policy-driven factors impacting resource selection. Table
34 below identifies the eight scenarios (noted as “S1A”, “S2B,” etc.) evaluated in this

phase for the 2025 planning process.

Table 34. Resource Option Strategies Modelled Against Lost Projections

RESOURCE OPTION LOAD PROJECTION LOAD PROJECTION LOAD PROJECTION
STRATEGIES 1 - BASELINE 2 - MEDIUM 3 - HIGH

A —Technology Neutral S1A - -

B — Net-Zero Grid 2035 S1B S2B S3B
C—Near Term Wind S1C S2C S3C
Generation Projects

D — No Fossil Fuel-Based - - S3D
Resources

The results of the capacity expansion modelling of these scenarios provides insight into
the range of future portfolio components that could contribute to a least-cost portfolio

under varying load and policy conditions.

Manitoba Hydro reports a range of metrics for each scenario (see Section 2 of IRP
Appendix 7.2). Ultimately, the key results are the build-out of new capacity by fuel type.
Manitoba Hydro provided details on the build-outs for 2032, 2035, and 2050. The near-
term and long-term results are discussed separately below.
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Near-term Results
The relevant capacity expansion model results for the 10-year planning period (2032 and
2035) are provided in Table 35 and Table 36 below, summarizing the cumulative capacity

additions by resource type.

Table 35.  Scenario Results: Cumulative Installed Capacity Additions (MW) to

203238
RESOURCE SIA S1B  SIC S2B S2C  S3B  S3C  S3D
Wind 0 0 400 0 400 100 400 600

CT — Natural Gas 496 496 296 744 592 1,288 1,240 O

CT — Biodiesel 0 0 0 0 0 0 0 992
CT-CCS 0 0 0 0 0 0 0 0
CT — Biomass 0 0 0 0 0 0 0 0
CT-H, 0 0 0 0 0 0 0 0
BECCS 0 0 0 0 0 0 0 0
Hydropower 86 86 0 15 15 101 101 15
Enhancement

New Hydropower 0 0 0 0 0 0 0 0
Nuclear SMR 0 0 0 0 0 0 0 0
Solar 0 0 0 0 0 0 0 0
Battery 0 0 0 29 0 13 1 133
Market Purchases 0 0 0 50 50 50 50 50
Customer Side 455 455 455 455 455 455 455 455
Solutions

Total MW 1,037 1,037 1,151 1,293 1,511 2,006 2,246 2,244

138 |RP, Appendix 7.2, p. 5.
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Table 36.  Scenario Results: Cumulative Installed Capacity Additions (MW) to
20353

RESOURCE S1A S1B S1C S2B S2C S3B S3C S3D
Wind 0 0 600 0 600 200 700 2,400
CT — Natural Gas 496 496 296 992 840 2,262 2,004 O
CT — Biodiesel 0 0 0 0 0 0 0 992
CT-CCS 0 0 0 0 0 0 0 0
CT — Biomass 0 0 0 0 0 0 0 444
CT—H, 0 0 0 0 0 0 0 496
BECCS 0 0 0 32 0 63 32 0
Hydropower 86 86 0 15 15 101 101 15
Enhancement
New Hydropower 0 0 0 0 0 0 0 0
Nuclear SMR 0 0 0 0 0 0 0 0
Solar 0 0 0 0 0 0 0 0
Battery 0 0 0 29 0 13 3 344
Market Purchases 0 0 0 0 0 0 0 50
Customer Side 617 617 617 617 617 617 617 617
Solutions
Total MW 1,199 1,199 1,513 1,685 2,071 3,256 3,456 5,357

The key conclusion of the scenario capacity expansion analysis through the end of the
10-year planning period is that there is a limited subset of resource options selected by
the model to meet capacity and energy needs. This conclusion impacts future steps in
the process of creating and evaluating development plans. Particularly through 2032 (a
key year for the least-regrets analysis discussed below), most of the new capacity across
scenarios (excepting S3D) include some combination of wind, natural gas CTs,
hydropower enhancements, customer-side solutions, batteries, and short term market
purchases. Between 2032 and 2035, the scenario build-outs add more capacity in many
of these categories, and a few scenarios include a small amount of biomass capacity
with CCS (“BECCS”).

139 |RP, Appendix 7.2, p. 6.
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Scenario 3D does not permit natural gas CT capacity, resulting in a more diverse mix of
resources, including biodiesel CTs, biomass CTs, hydrogen CTs, and significantly more

battery storage capacity.

In some cases, the tables above do not provide granular detail on the specific resource
selected by the optimization model. Most notably, the “Natural Gas — CT” line item
combines multiple resources that are individually represented in the model, including
natural gas CTs, natural gas CCs, and aeroderivative CTs. When discussing the results of
the scenario analysis, Manitoba Hydro does not explicitly discuss the model selection of
CCs or aeroderivative units, and those resources were not considered when Manitoba

Hydro manually created the plans for the least-regrets analysis (see Section 7.7 below).

In the case of aeroderivative units, the likely driver for the model selecting those units,
even though they are significantly higher cost than standard CT units, is due to the use
of “rolling horizons” discussed above in Section 7.3. Aeroderivative units are modelled as
48 MW units, and CTs are modelled as 248 MW units. As the model optimizes over any
given rolling horizon period, it may opt for a smaller unit if a larger one is not needed

before the end of that horizon period.

Long-term Results
In the long-term analysis through 2050, the scenario analysis displayed significantly

more variability, as demonstrated in the results provided in Table 37.
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Table 37.  Scenario Results: Cumulative Installed Capacity Additions (MW) to

205040
RESOURCE S1A S1B S1C S2B S2C S3B S3C S3D
Wind 0 0 700 4,244 4,400 6,000 6,000 6,000
CT — Natural Gas 1,784 1,784 1,480 2,958 3,302 6,116 4962 O
CT — Biodiesel 0 0 248 992 744 496 744 992
CT-CCS 0 0 0 688 688 1,376 1,032 O
CT — Biomass 0 0 0 0 0 0 0 1,173
CT-H, 0 0 0 248 0 496 1,488 3,988
BECCS 0 0 0 32 63 63 63 0
Hydropower 86 86 0 15 15 101 101 15
Enhancement
New Hydropower 0 0 0 1,485 0 1,485 1,485 3,195
Nuclear SMR 0 0 0 77 977 377 677 1,970
Solar 0 0 0 0 0 361 0 1,594
Battery 30 30 18 16 70 194 116 6
Market Purchases 0 0 25 25 25 0 25 50
Customer Side 1,255 1,255 1,255 1,118 1,218 1,108 1,108 1,108
Solutions
Total MW 3,154 3,154 3,725 11,898 11,403 18,174 17,801 20,091

The results show a wider diversity of resources contributing to meeting long-term
Manitoba load. Various scenarios include new hydropower, nuclear SMRs, several
alternative fuel technologies (biodiesel, hydrogen, biomass), and units with CCS.
Scenarios using Load Projections 2 and 3 result in a major expansion of the installed

capacity of the Manitoba grid, requiring 500 — 800 MW of capacity additions per year.
In comparing the 2050 results across scenarios, certain items stand out:

e The selection of new hydropower was consistent across most, but not all, of
the scenarios using Load Projections 2 and 3. Comparing the S2B build-out
(which added the Conawapa unit in 2048), to the S2C build-out (which
added 977 MW of nuclear SMR capacity in 2049), it is difficult to interpret
the results. The only difference between those scenarios is that S2C builds
the 600 MW of wind capacity earlier in the period. By the end of the

140 |RP, Appendix 7.2, p. 7.
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modelling horizon, both scenarios build similar amounts of wind capacity,
but the timing difference of the first wind additions leads to notably
different optimal resource build-outs for other technology types.

e Similarly, comparing the results of S3B and S3C, the only difference between
is the timing of the 600 MW of wind capacity, yet that timing difference
leads to S3B building significantly more natural gas CT capacity while S3C
prefers hydrogen capacity.

These results demonstrate the sensitivity of the model to specific assumptions. Perhaps

due to this sensitivity, Manitoba Hydro emphasizes that the optimization results later in

the period should be considered indicative and directional, rather than dispositive.

Notably, Manitoba Hydro includes a cautionary note regarding the 2050 study results:

As discussed in Appendix 7.1 — Modelling & Analysis Approach, the final portfolio
of resources identified by the model may not be the lowest possible cost solution,
as such there is the potential for alternative long-term capacity expansion
strategies to emerge without a clear signal as to the dominant strategy. This
effect is strongest for decisions later in the study horizon and caution must be
exercised when interpreting study results in 2050. Results in the 2049/50
timeframe provide indicative outcomes, and are most useful for identifying
trends, sources of risk, and insights into technologies that may be of particular
interest in the future.**

The precision of the specific resource decisions made later in the study period is

impacted by the discounting of future costs to present value, and by the convergence
threshold of the model. The IRP notes:

Annualized investment costs can introduce modelling noise towards the end of
the study horizon if new resource options are added during at that time.
Resource optimization decisions made near the end of the study horizon are
based on just a few years of the new resource operating in the system, such that
only a portion of the total investment and operating costs of the project are
accounted for and there is no consideration for how operating costs and benefits
may evolve with a changing system beyond the end of the study period.
Furthermore, the capacity expansion model uses the present value of annualized
costs during its optimization, which reduces the significance of capacity
expansion decisions further out in the study horizon. This can all reduce
confidence in specific capacity expansion modelling results at the end of the
study period and requires that meaningful findings about the end of the study
horizon are corroborated through trends identified across multiple cases.*?
(Emphasis added.)
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IRP, Appendix 7.2, p. 2.
IRP, Appendix 7.1, p. 57.
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7.5.2 Sensitivity Analysis

In addition to the Scenarios discussed above, Manitoba Hydro performed capacity

expansion analysis on multiple sensitivities to examine the impact of specific

assumptions or future deviations from expected system conditions. The scenario

analysis is discussed in Section 10.3 of IRP Appendix 7.1 and results are provided in

Section 3 of IRP Appendix 7.2. The list of sensitivities is provided in Table 38 below.

Table 38.

Sensitivity Analysis Cases

143

SENSITIVITY

SENSITIVITY OBJECTIVE AND MODELLING ASSUMPTIONS

Energy Market Prices

Test the influence of high and low energy market prices on
resource selections.

Capital Costs

Test the influence of high capital costs on resource selections.

Selectable Energy
Efficiency

Test the value of seeking energy efficiency at levels beyond the
Efficiency Plan Projection by introducing selectable energy
efficiency projects.

Demand Response (DR)
Availability

Test the value of DR to Manitoba Hydro’s system by assuming no
DR is included in the model and that the Curtailable Rates Program
is not extended beyond 2028.

Hydropower
Enhancement Delays

Test how delaying Lower Nelson Supply Side Enhancement (SSE)
projects influences their selection by assuming all enhancement
options have a final unit in-service date of 2038.

No Fuel Based Resources
in Resource Options
Strategy D

Test the implications of excluding CT-BD, H2-CTS, and Biomass as
eligible resources from resource options strategy D. SMRs remain
as an option.

Lower Negative GHG
Emissions Load

Test how load increases required to power negative GHG
emissions technology affects the load plan by analyzing a modified
load projection.

New Hydrogeneration

Test the value of hydropower resources to Manitoba Hydro’s

system by excluding new hydropower generation resource options.

Fossil Fuel Elimination in
Ground Transportation
and Space Heating

Test the impact on development plans of the load projection
sensitivity.

Climate Change Affected
Inflows

Test the implications of higher or lower inflows due to climate
change.

Manitoba Hydro evaluated these sensitivities for specific, applicable load projections

and resource strategies, and capacity expansion modelling was conducted for the full

143 |IRP, Appendix 7.1, p. 63. Partial excerpt of Table A7.1.129.
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study period. The sensitivity analyses provided multiple important insights on the drivers

of specific resource decisions in the model.

The IRP provides a narrative review of Manitoba Hydro’s key conclusions from each of

the sensitivities used in its 2025 planning cycle in Section 3 of IRP Appendix 7.2. A subset

of these conclusions is highlighted below:

e Selectable Energy Efficiency. The primary scenarios did not include
selectable energy efficiency as an option, and those eleven resources were
only evaluated as a sensitivity case. Manitoba Hydro observes that some of
the measures (include residential home insulation and residential ground
source heat pumps) are selected to their highest possible potential, which
provides a strong indication of the economic value of these options.** In
addition, some Selectable Energy Efficiency resources provide a source of
capacity before the first year of availability for dispatchable resources like
CTs and batteries, provide significant system value. The IRP also notes that
the air source heat pump (ASHP) measures are not selected due to the
inability to provide capacity value during winter peaks.*

e High/low market prices. Manitoba Hydro observes that the forecast of
external market prices influence the optimized resource portfolios.
Manitoba Hydro conducted this scenario only on Load Projections 1 and 3.
The primary impact observed in the near-term is on the build-out of wind
capacity. This is a logical outcome, given that wind resources provide
significant energy, but substantially derated capacity. As energy resources,
the wind will produce surplus energy for export in many inflow cases, and
the value of that surplus in the market will influence whether those
resources are selected. Another notable result of this sensitivity is the
observation that high market prices tend to reduce net system costs due to
the value of Manitoba Hydro exports, while low market prices have minimal
impact on financial outcomes.'¥

e Near-term wind projects. Manitoba Hydro tested the isolated impact of the
developing 600 MW of near-term, Indigenous majority-owned wind projects
to identify the specific implications of this resource in the portfolios.'*® The
results show that near-term wind can help address 2029 capacity shortfalls
if the resources can be developed on an accelerated timeline.'* The
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IRP, Appendix 7.2, p. 61.
IRP, Appendix 7.2, p. 61.
IRP, Appendix 7.2, p. 46.
IRP, Appendix 7.2, p. 47.
IRP, Appendix 7.2, p. 116.
IRP, Appendix 7.2, p. 116.
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addition of the wind also impacts the quantity of natural gas and biodiesel
CTs in various scenarios. The addition of the near-term wind resources
increases the present value of net system costs through 2035, but there is
no clear signal regarding long-term financial impacts for Load Projections 2
and 3.%%°

e High capital cost. This scenario tested the effects of higher capital costs for
all resources, compared to the reference case. The reference scenario
assumed declining cost curves for almost all resources through the study
period, with costs for some resources forecasted to drop significantly (e.g.
solar costs decline 23% by 2035) while others are expected to have a more
modest decline (e.g. natural gas CTs decline 9% by 2035).%*! The exceptions
are that hydro units are forecasted to increase in cost in the reference case,
and nuclear SMRs do not have an expected cost increase or decrease. In
the sensitivity case, Manitoba Hydro eliminated the cost decline curves for
all resources, such that the costs for most resources are fixed at current
levels for the entire study period. Costs for hydro and nuclear resources
were increased from reference levels. Manitoba Hydro observed that the
effect of increasing capital costs has a significant impact on timing and type
of capacity additions and leads the model to avoid building surplus capacity,
instead building smaller units where possible.?> Daymark notes that the
sensitivity did not consider the effects of only increasing the cost of certain
technologies. The follow discussion addresses this point in more detail.

Updated natural gas CT sensitivity

During Daymark’s conversations with Manitoba Hydro, we raised a specific concern
about the high capital cost sensitivity. The sensitivity is structured to increase the capital
costs of multiple technologies simultaneously. While this structure can provide some
insight, it does not address the potential risk associated with cost increases for only a
subset of resource options. As discussed in Section 5.5 above, Daymark noted that the
reference cost estimates for natural gas CTs appeared low compared to current market
conditions. The global combustion turbine market has seen a rapid increase in demand
in recent years, with an associated escalation in capital costs.

In response to these discussions, Manitoba Hydro prepared an additional sensitivity case
updating the generic natural gas CT cost assumptions in the capacity expansion model.
They noted that: “The impetus for this sensitivity is the availability of refined natural gas
combustion turbine (CT-NG) capital cost estimates based on Stage Il planning for up to

150 |RP, Appendix 7.2, p. 117.
151 |RP, Appendix 7.2, p. 57.
152 |RP, Appendix 7.2, p. 56.
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three new CTs to be installed at Brandon, in conjunction with general industry
observations of increasing CT price trends.”*>3 The updated cost estimates replaced the
generic cost estimates used in the initial modelling with up-to-date engineering cost
estimates. This update increased the CT cost from $1,622/kW (2024 CANS) to

I 1o

The results of the analysis indicate that the higher cost of natural gas CTs based on
updated cost estimates has an impact on the units selected by the optimized capacity
expansion model. While the model continues to select some CTs in the 10-year planning
period, several aeroderivative units are replaced by battery units or hydro
enhancements. In the long-term, the optimization model reduces the total build-out of
CT capacity by between 250 MW and 1,250 MW, depending on the scenario.

7.5.3 Discussion

The scenario and sensitivity analyses includes detailed capacity expansion and
production cost modelling analysis on dozens of individual cases, and provides Manitoba
Hydro’s foundation for the subsequent phases of the analysis. Daymark offers the
following observations regarding the objectives, structure, and execution of these

analyses.

Analysis provides a view of capacity expansion over a sufficiently broad range
of future load and policy conditions

In general, the scenario analysis provides critical insight into the resource planning
decisions facing Manitoba Hydro. The broad range of load projections considered in this
analysis demonstrates how optimal resourcing strategies might change as the province
moves between load trajectories. The resource strategies evaluated by Manitoba Hydro
show how, for example, the 2035 net-zero grid constraint impacts results, and how the
earlier development of 600 MW of indigenous-owned wind impacts the optimized
strategy to meet remaining energy and capacity needs. The analysis also provides insight
on how emitting thermal resources can contribute to the grid even in a future net-zero

economy.

By evaluating the combinations of load projections and resource strategies, Manitoba
Hydro’s methodology allows for some isolation of specific load and policy drivers, and

inference on the impacts of the related assumptions.

153 Manitoba Hydro 2025 IRP Post-Analysis: CT High Capital Cost Sensitivity.
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Scenario analysis provides foundation for consideration of resource decisions
in the planning period to 2035

The primary function of the scenario analysis was to identify the six feasible resource
options that were considered for the 10-year planning period. While the model selected
other resource options in certain cases, the consistent selection of six focal options
reinforces these as the most economic options in the near-term. Importantly, the
analysis also identified the circumstances where the limited availability of resource
options led to capacity shortfalls, which helps with risk mitigation decisions.

Unclear how analysis improves insight on long-term planning
The models produce capacity expansion results through 2050. As the IRP is focused on
the 10-year planning period, when interpreting the results of the scenario and sensitivity

analysis, Manitoba Hydro focused on that initial period.

As discussed in future sections of this report, after creating the development plans over
the first 10 years, Manitoba Hydro re-ran the capacity expansion analysis through 2050.
While it is clear that Manitoba Hydro gained insight on benefits and risks of certain long-
term resource options through all the scenarios and sensitivities, it is not clear if and
how that insight was used in this IRP.

Similarly, while Manitoba Hydro gained significant insight about the model’s sensitivity
to certain assumptions, and how to interpret results, it remains unclear how this will be

used to improve confidence in longer-term planning decisions.

Sensitivities provide important additional insight on planning decisions

The sensitivity analysis, as structured by Manitoba Hydro, provides valuable insight into
how certain conditions impact the optimal resource build-out, and can be used to
identify circumstances when the action plan should be revisited. For example, as
discussed above, the sensitivity allowing Selectable Energy Efficiency measures showed
that several measures were selected up to the allowed limit, while others were not
selected given the cost and performance assumptions used in the model. If a future
update to the energy efficiency potential study indicates an update to these
assumptions is warranted, Manitoba Hydro may consider refreshing the analysis of this

sensitivity.

Additionally, the high and low market price sensitivities showed the impact of prices in
external markets on the economically-optimal portfolio. If MISO market prices, for

example, show a significant deviation from the reference case assumptions, these
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sensitivities can be used to identify elements of the action plan that should be

reconsidered.

Given the importance of the insight gained from the sensitivities, Manitoba Hydro
should consider explicitly incorporating the insight from the sensitivities into the

signposts.

Sensitivities should have been expanded, Updated CT Cost sensitivity provided
insight not included in IRP

While the sensitivities included in the IRP provide important information about the
impact of certain assumptions and market conditions on the optimized capacity
expansion, there are certain areas where additional sensitivities could have helped
better interpret the results of the primary analysis. For example, sensitivities testing the
value of import capacity contracts would have been highly beneficial to help understand
optionality and the value of deferring other capacity investments. Also, a sensitivity that
forced earlier development of hydropower resources could have provided indication of
the value of those resources, and whether it would be prudent to include some
preliminary development activities in the action plan, given the long development

timeline of hydropower resources.

In addition, the Updated CT Cost sensitivity that Manitoba Hydro conducted in response
to Daymark’s input provided critical information about the sensitivity of results to the CT
cost included in the model. The implications of this sensitivity are important, and we
suggest they should have been discussed in the IRP. While there are many outstanding
qguestions about whether battery storage should be a significant part of Manitoba
Hydro’s future capacity portfolio, this sensitivity at least indicates that it might be an

economic resource, and merits additional consideration.

When designing the scope of an IRP analysis, it can be difficult to find the right balance
of conducting sufficiently expansive scenario and sensitivity analysis without evaluating
so many cases such that the analytical effort becomes overwhelming. We are mindful of
that trade-off, and of the challenge of finding the appropriate balance. That said,
targeted sensitivities, even if performed on only one scenario case, can be highly
valuable.

“Model noise” and convergence issues limit value of long-term results
As discussed above, Manitoba Hydro acknowledges that there are certain modelling

limitations that make the longer-term portfolio results less precise. While these issues
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are less relevant for the 10-year planning period, in future IRPs Manitoba Hydro will
quickly face decision points for pursuing significant future capacity additions. For
example, Manitoba Hydro estimates that the project lead time of the Conawapa project
is 18 years.' This indicates that if Manitoba Hydro is going to pursue that Project to
meet long-term clean energy needs prior to 2050, it will need to start active
development within the next 5 years. Such a decision should be supported by more
robust and reliable capacity expansion modelling, but model results in this IRP do not
provide a consistent message about the value of that project versus a nuclear SMR, for
example. Manitoba Hydro should prioritize enhancements to the robustness of the long-
term modelling so the IRP provides clearer planning guidance in the future.

Continuous units may not reflect realistic characteristics

The use of “continuous” units (units which may be selected at any size, including sizes
less than one MW) for certain technologies may provide unclear signals for relative
resource economics. While this designation may be appropriate for Selectable Energy
Efficiency due to the small size of individual deployments, the designation for solar and
battery storage technologies does not reflect actual economics of project development.
Manitoba Hydro indicated to Daymark that the use of continuous units in the scenario
and sensitivity analysis helps identify the conditions when certain technologies are
preferred by the model, and that insight is used in the manual creation of portfolios in
the least-regrets analysis and development plan process. While this may aid the plan
development process, it dismisses potential benefits of economies of scale and other
efficiencies associated with actual project development. In addition, in some scenarios it
allowed the model to build very small units to cover capacity deficits in a way that is
unlikely to be reflected in reality. As Manitoba Hydro continues to develop resource
assumptions for battery storage, it should refine the project representations to reflect
best estimates of costs and performance for different project sizes.

Alternative fuels and emerging technologies are common components of long-
term portfolios

In the long-term portfolios (post-2035) alternative fuels, including renewable diesel,
biomass, and hydrogen, become key components of the supply portfolio to meet net-
zero policy requirements, as do emerging technologies like CCS and SMRs, in some
cases. This demonstrates the importance of future technological evolution of these

resources. This introduces significant technological risk, and Manitoba Hydro should be

154 |IRP, Appendix 6, p. 11.
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actively tracking the status of the progress of these technologies, as it acknowledged in
the IRP near-term actions.™> As other resources that would be required for net-zero
compliance, such as new hydropower, have long development timelines, it will be
important for Manitoba Hydro to develop contingency plans if costs or other factors

make certain non-emitting options infeasible.

7.6 Transition to Least Regrets Analysis

The scenario and sensitivity analysis described in the prior section evaluated a wide
range of future conditions. Because each scenario is evaluated across all 112 inflow
years, the scenario and sensitivity analysis consisted of thousands of combined runs of

the capacity expansion and production cost models.

It is important to note that the resource expansion plans resulting from the scenario and
sensitivity analysis do not directly lead to candidates plans for selection as the
Recommended or Alternative Development Plans. From the extensive modelling output
conducted in the first phase of the analysis, Manitoba Hydro synthesizes the conclusions
and manually selects or creates plans that are then evaluated in the least-regrets
analysis (LRA).

As described by Manitoba Hydro in Appendix 7.2, Chapter 4, the least-regrets analysis is

performed in two phases, or “focuses.”

Focus 1 measured the reliability and cost magnitudes for over and underbuild
regret within the development plan horizon (to 2035), with resources locked-in to
2032. Focus 2 incorporates the learnings from Focus 1 and analyzes additional runs
that include a more diverse set of feasible resources, seeking a balance that

enhances alignment with the 2025 IRP objectives.

Specifically, Focus 1 includes seven capacity build-outs through 2032, numbered LR1
through LR7. The capacity expansion for two of these build-outs (LR1 and LR4) was taken
directly from the scenario analysis (for Scenarios S1C and S3C, respectively).'*® The
remaining five LR plans for Focus 1 were manually created by Manitoba Hydro by varying
the level of capacity build, and the use of alternative resources, as discussed in the
following section. In “Focus 2” of the least-regrets analysis, Manitoba Hydro manually

created three additional plans.

155 |RP, p. 70.
156 |RP, Appendix 7.1, p. 65.
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7.7 Least Regrets Analysis

The objectives of the LRA are discussed in Section 2.3.1 of IRP Appendix 2, the LRA
methodology is described in Section 10 of IRP Appendix 7.1, and the results are
presented in Section 4 of IRP Appendix 7.2. The objective of the LRA was described by
Manitoba Hydro as follows:

“By identifying the boundaries of risk based on load uncertainty, the results of
the least regrets analysis further informed the potential development plans and
ensured there was a suitable range for further analysis. The LRA was not about
recommending a development plan or shortlisting the potential development

plans, rather it informed the decision-making process.”*>’

As described in the IRP, the LRA “was conducted by modelling commitments to
resources in the short-term, with the implications of those commitments explored by
modelling them subject to all three 2025 IRP load projections for the full study period
out to 2050.”** The LRA includes two “focuses” with the first assessing over- or
underbuild regret for resource commitment decisions through 2032, and the second

assessing more diversified resource build-outs through 2035.

In the LRA, overbuild regret is assessed as the economic cost of the unneeded capacity

and underbuild regret is quantified as the capacity shortfall expressed in MW.

7.7.1 LRA Focus 1
In the first phase of the LRA, Manitoba Hydro evaluated seven potential portfolios, built
out through 2032. Table 39 below summarizes the portfolios evaluated in this portion of

the analysis.

157 IRP, Appendix 2, p. 21.
158 |RP, Appendix 7.1, p. 64.
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Table 39.  Least Regrets Analysis Focus 1 - Accredited Capacity in MW by LRA
Focus 1 in 2032%%°

RESOURCE OPTION LOWER COST MAXIMIZED ALTERNATIVES
LR1 LR2 LR3 LR4 LR5 LR6 LR7

Customer Side Solutions:
Efficiency Plan Projection 326 326 326 326 326 326 326

Customer Side Solutions:
Demand response including

curtailable rate program 280 280 280 280 280 280 280

Customer Side Solutions:
Additional Energy Efficiency

Programs 0 0 0 0 201 201 201
Wind 120 120 120 120 120 120 120
Battery storage 0 0 0 1 202 202 350
Upgrade existing

hydropower 0 0 0 103 26 103 26
Combustion turbines

fuelled by natural gas 296 496 744 1240 248 248 0
Total 1,022 1,222 1,470 2,070 1,403 1,480 1,303

As noted above, LR1 and LR4 were directly transferred from the least-cost build-outs
identified in the scenario analysis for S1C and S3C, so those build-outs were explicitly
designed to meet different load requirements. LR2 and LR3 are essentially duplicates of
LR1, with incremental levels of CT capacity to assess the over-/underbuild risk of
different levels of total capacity addition. The “Maximized Alternative Plans” (LR5, LR6,
and LR7) were manually created to test the over-/underbuild regret of plans with less CT
capacity and more alternatives, including battery storage and additional energy

efficiency.

In evaluating the near-term over-/underbuild regret across plans, there are two primary
factors that differentiate results. First, the amount of capacity that is added impacts
whether there is underbuild or overbuild using the three load scenarios (i.e. did the
manually-created portfolios build enough capacity for Load Projections 1, 2, and 37?).
Second, in the case of overbuild, the plans are differentiated by the capital cost of the

resources and the total value of the excess MWs (i.e. if two plans are equally overbuilt

159 |IRP, Appendix 7.2, p. 129.
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for a specific load scenario, the plan with higher cost capacity will have a higher

overbuild cost).

The overbuild/underbuild analysis was based on the period through 2032. The LRA also
continued build-out analysis through 2050 in order to assess how decisions resulting in
early portfolio differences impact the long-term portfolio characteristics. When
evaluating the results for Load Projection 2, Manitoba Hydro’s analysis concluded that

over the long-term, the early decisions did not have a significant impact:

“Ultimately the choice of LRA Focus 1 run has minimal impact on the majority of
the optimal resource selection required to serve the 2-Baseline load projection by
2050, with approximately 70% of resources remaining consistent across all

runs.”*®0

Additionally, Manitoba Hydro concluded that the decisions to pursue higher amounts of
CT capacity in the near term did not make a significant difference in the long-term

portfolio build-out:

By 2050, all the runs include at least 3,300 MW of CT-NG and 4,300 MW of wind.
This clearly shows that any decisions made prior to 2032 with regards to CT-NG
and wind are simply advancements of decisions that would be required to meet
the 2-Medium load projections by 2050.%

7.7.2 LRA Focus 2

The objective of LRA Focus 2 was to expand on LR3, which Manitoba Hydro deemed one
of the better-performing portfolios from LRA Focus 1, and study “the potential regret of
including more combinations of feasible resources.” %2 The portfolios manually created
during this analysis tested different balances of CT capacity and alternative resources,
and these plans were referred to as “Diversified Capacity” plans. This analysis locked in
resources decisions through 2035, and evaluated the over-/underbuild regret during that

period, and the differentiation in long-term capacity build-out through 2050.

Table 40 below summarizes the portfolios evaluated in Focus 2 (P5A, P5, and P5B) and

the reference portfolio used for comparison through 2035.

160 |RP, Appendix 7.2, p. 136.
161 |RP, Appendix 7.2, p. 136.
162 |RP, Appendix 7.2, p. 142.
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Table 40.  Least Regrets Analysis Focus 2 - Locked-In Plan Summary based on
Accredited Winter Capacity through 2035

RESOURCE OPTION P5A P5 P5B

Customer Side Solutions: Efficiency
Plan Projection 456 456 326

Customer Side Solutions: Demand
response including curtailable rate

program 312 312 312
Customer Side Solutions: Additional

Energy Efficiency Programs 95 200 200
Wind 120 120 120
Battery storage 5 5 86
Upgrade existing hydropower 26 26 26
Combustion turbines fuelled by

natural gas 744 744 592
Total 1,758 1,863 1,662

In the over-/underbuild regret analysis, these plans had minimal underbuild regret when
evaluated against Load Projection 2, and similar levels of underbuild regret compared to
Load Projection 3. P5A has the lowest overbuild regret of the three plans when
evaluated against Load Projection 1, even though that plan adds more total capacity
than P5B.

This conclusion demonstrates the point that overbuild regret is a combination of the
amount of surplus capacity, and the cost of that capacity. Even though P5A builds more
excess capacity than P5B (when compared to Load Projection 1), P5B is a higher cost
portfolio, so the overbuild regret is higher.

Regarding the long-term expansion results conducted in the LRA Focus 2 analysis,
Manitoba Hydro drew similar conclusions to those discussed in the prior section on LRA
Focus 1. Namely, Manitoba Hydro concluded that all CT capacity constructed before
2035 would be needed at some point:

“More CT-NG is added across all runs by 2050 than is included in the locked-in
resources of the runs by 2035, indicating the CT-NG units included in the LRA

Focus 2 runs could advance the timing of these units.”*%

163 |RP, Appendix 7.2, p. 147.
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7.7.3 Discussion
The LRA is a key step in Manitoba Hydro’s IRP process, utilizing the scenario and
sensitivity analyses results to identify potential high-performing development plans.

Daymark offers the following observations on the LRA methods and results.

LRA is an innovative approach to assessing resource decision risk

In general, Manitoba Hydro’s analysis under the LRA represents an innovative approach
to analyzing a core question faced by resource planners — namely, what are the potential
consequences of committing to certain resource decisions if future load conditions
deviate from expectations? Manitoba Hydro developed a methodology to consider both
underbuild and overbuild risk, and developed different, but appropriate metrics for
each. The analysis is structured to provide visibility into how portfolios can adapt to
changing conditions after the “locked in” period ends, and how total portfolio costs (and
thus customer costs) are impacted by resource commitment decisions early in the

period.

Role of LRA in broader IRP analysis is unclear

As described by Manitoba Hydro, the objective of the LRA was not to evaluate specific
development plans or to shortlist plans, but rather the LRA “informed the decision-
making process."!** However, it is somewhat difficult from the IRP documentation to
draw a direct line between the LRA and the final development plans. As discussed
above, two of the potential development plans were developed during the scenario
modelling, prior to the initialization of LRA Focus 1. The rest were manually developed
through either 2032 (LRA Focus 1) or 2035 (LRA Focus 2), and then the capacity

expansion model determined the optimized build-out the rest of the plan.

Based on the process description in Section 4.4 of IRP Appendix 7.2, the “Diversified
Capacity Plans” (P5A, P5, and P5B) were developed during the LRA Focus 2 process
based on the capacity build-out in LR3 because it performed well in the LRA Focus 1
analysis. The fact that P5A became the Recommended Development Plan indicates that
the LRA had an important role in the broader analysis, even if P5A was not selected
specifically because of the results of the LRA. Ultimately, the development plan
evaluation phase, discussed in the following section, is the point in the process when

Manitoba Hydro evaluated and shortlisted the potential development plans.

164 |RP, Appendix 2, p. 21.

Independent Expert Consultant Report: Manitoba Hydro’s 2025 Integrated Resource Plan 167



DAYMARK

ENERGY ADVISORS
APRIL 24, 2026

Load projection levels have significant impact on results of LRA

The LRA evaluates fixed portfolio build-outs against all three load projections. While the
load projections are not assigned a probability weighting in the analysis, Manitoba
Hydro is effectively considering them equally probable. In addition, one of Manitoba
Hydro’s conclusions from the analysis is that “the risks of underbuilding are far greater
than overbuilding.” % As such, this places greater emphasis on plans that compare well

against the higher load projections.

This approach is potentially problematic, given Daymark’s observations regarding the
likelihood of Load Projection 3 materializing (see Section 4.8.4 above). If Load Projection
3 is significantly less likely to be realized by 2035 than Load Projection 2, then the
underbuild risk in that scenario should be likewise discounted.

At the conclusion of the LRA Focus 1 analysis, one of Manitoba Hydro’s key conclusions is
that LR3 has the most balanced risk, stating: “LR3 was observed to have a robust level of
under/over build regret and the lowest overall potential regret, so formed the basis for
the additional runs studied in LRA Focus 2.”%® This conclusion is based, in part, on the

results depicted in Figure 28 below.

Figure 28. LRA Focus 1 Results, Plan Regret to 20321¢’

165 |RP, Appendix 2, p. 24.
166 |RP, Appendix 7.2, p. 143.
167 |RP, Appendix 7.1, p. 131.
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Reviewing these results, LR3 does appear to have the most balanced results of overbuild
and underbuild regret. However, if the results for Load Project 3 were omitted, or if the
impact was diminished, LR2 and LR3 may be considered to achieve a similar balance of

risks, and LR2 has lower capital expenditures through 2032 with one fewer CT unit.

Manitoba Hydro used the capacity build level of LR3 to develop the Diversified Capacity
plans (P5A, P5, and P5B). Ultimately, as discussed below in Section 7.11, P5A and P3
were selected as the Recommended and Alternative Development Plans. This
demonstrates one way in which the final conclusions of the IRP were impacted by the

analysis of Load Projection 3.

LRA examines limited scope of risks

In general, the least-regrets analysis provides important insight into the potential
consequences of over- or underbuilding the system when considering the range of load
projections. However, the LRA provides somewhat limited value in the broader resource
planning process, primarily because the risks considered in this analysis were very

narrowly defined.

Manitoba Hydro created multiple plans to test, but ultimately the key factor being
evaluated in the LRA is the total amount of firm capacity added to the system, compared
to the capacity need under the three tested load forecast scenarios, and the cost of any
surplus capacity. This addresses one dimension of the risk associated with near-term
resource decisions. However, there are multiple other significant risks associated with
the commitment to resource development that this analysis does not address. For
example, this analysis does not consider risks associated with committed projects
coming in behind schedule, coming in over-budget due to supply chain issues, or other
issues related to macroeconomic factors. Similarly, the analysis does not evaluate risks
associated with changes to provincial or federal policy that would change the relative

economics of certain resource types.

Results of analysis highly sensitive to CT cost assumptions

One of the primary levers used by Manitoba Hydro in developing the plans evaluated in
the LRA is the amount of CT capacity built. As noted in the discussion of the Updated CT
Cost Sensitivity, Manitoba Hydro is currently expecting the cost of CTs to be significantly
higher than the costs assumed in the IRP analysis, including the LRA. The results of the
analysis, specifically the overbuild risk, are highly dependent on cost assumptions. As
noted above, in LRA Focus 2, P5A appears to have performed better than P5B because

the overbuild cost of CTs in P5A is lower than the overbuild cost of the alternative

Independent Expert Consultant Report: Manitoba Hydro’s 2025 Integrated Resource Plan 169



DAYMARK

ENERGY ADVISORS
APRIL 24, 2026

resources in P5B. With updated CT costs reflect current expectations, these conclusions

may need to be revisited.

Analysis does not consider differing risk profiles of generation versus DSM in
overbuild conditions

Overbuild is a valid concern and typically correlates to some amount of unnecessary
investment, which usually manifests in higher costs to the customers. In utility planning,
however, the specific types of resources that are “overbuilt” can have differing impacts
on customers. In the case of an overbuild of combustion turbine capacity, there may be
little or no value to the extra capacity, if its capacity factor approaches zero and if there

are no opportunities to sell the surplus capacity.

In an alternate scenario, where the overbuilt resources are energy efficiency programs,
the resources are still providing energy benefit to the system, even if the capacity
contribution is not needed yet. The energy efficiency measures can accrue economic
benefits to the system, even if the capacity contribution is surplus. In addition, the
reduction in energy consumption provides some hedge value against market price

volatility or long-term price increases in natural gas costs for electric generation.

Similarly, demand response resources provide benefits, even when the capacity is not
needed for resource adequacy. On the surface, demand response programs have a cost
structure that is similar to combustion turbines in that the monetary benefits that justify
investment in the resource is capacity savings. However, the investments made in
demand response programs are the incentives provided to participating customers to
accept service interruption during peak hours. This investment results in reduced
electric bills for the specific participating customers, enhancing key areas of residential
affordability or industrial competitiveness.

This discussion provides examples demonstrating that not all capacity overbuild
situations have the same impacts on the system, and the type of overbuilt capacity has
relevance to the consideration of risk.

Manitoba Hydro conclusions on risk of early CT build do not consider potential
market evolution

As noted above, one of Manitoba Hydro’s conclusions in both LRA Focus 1 and LRA Focus
2 is that in the long-term, all portfolios have significant needs for CT capacity, and as

such, the additions of CT capacity during the planning period to 2035 are, at worst,
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advancements of capacity that will be needed eventually. This conclusion is not fully

supported given the limited scope of risk evaluated in the LRA.

While it is likely that Manitoba Hydro will eventually need CT capacity, at least in the
amounts considered in the LRA given current economic and policy expectations, this
conclusion dismisses the possibility of meaningful changes in market conditions
between now and 2050. New technology development, significant policy change,
enhanced transmission interconnection across provincial borders, and other factors
could spur significant changes in the relative economics of different resource options.
Evaluating these uncertainties would require more robust analysis of conditions in the
2036-2050 period other than just the load forecast, but no such analysis was provided in
this IRP.

7.8 Transition to Development Plan Creation

The outcome of the scenario and sensitivity analysis and the least-regrets analysis is the
identification of candidate development plans. Of the ten candidate development plans,
two were based on the original scenario analysis, five additional plans were created by
Manitoba Hydro for the LRA Focus 1 analysis, and three plans were developed for the
LRA Focus 2 analysis.

Table 41 below summarizes the evolution of plan references throughout the analysis.

Table 41. Key comparing scenarios, LRA plans, and development plans

ralyss sic sic
v v
LRA Focus 1 LR1 LR2 LR3 LR4 LR5 LR6 LR7
v Vv v v v v v
LRA Focus 2 v Vv v 7 PSA PS5 PSB v v v
v Vv v v v v v v v v
EIZ‘:]‘ZIOpment PL | P2 | P3 | P4 | P5A PS5 PSB P6 P7 P8
Plan Grouping “Lower Cost” “Diversified Capacity” “Maximized Alternatives”

These plans were evaluated across multiple metrics to determine a shortlist of plans.
The highlighted development plans (P5A and P3) became the Recommended and

Alternative Development Plans, respectively.
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7.9 Development Plan Evaluation
The ten development plans considered in the evaluation phase included a range of
resource types and some variation in total capacity added through the 10-year planning

period. The accredited capacity portfolios are summarized in the table below.

Table 42.  Accredited capacity (MW) of 10 Potential Development Plans in 2035
at Load Projection 2168

The ten development plans resulting from the LRA were evaluated across a range of nine
metrics grouped into four themes: reliability, costs, environmental, and socio-
economic.® As a result of this phase of the analysis, Manitoba Hydro developed a

shortlist of development plans based on:”°

1. Performance against the evaluation metrics and themes;
2. Meeting a minimum build-out target; and,
3. Ensuring the existence of meaningfully different potential development plans.

7.9.1 Development of Build-out Target

The development plan evaluation phase is the first point in the IRP analysis where plans
are compared against the build-out target. Until this point, the three load projections are

used in the optimized capacity expansion analysis to determine the build-out capacity

168 |RP, Appendix 2, Table 2.3, p. 23.
169 |RP, Appendix 8, p. 2.
170 |IRP, Appendix 8, p. 2.
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level, and Manitoba Hydro manually creates plans with different build-out levels during

the least-regrets analysis.

Manitoba Hydro developed the build-out target based on insights gained from the LRA.
As noted in the IRP:

Through modelling and analysis it was observed that the risks of underbuilding
are far greater than overbuilding — this means that it is much easier to slow
down or scale-back a development plan than to accelerate or add to it. A build-
out target, helps us identify potential development plans that proactively protect
in-service dates to avoid needing to accelerate the plan.*”

To address these risk considerations, Manitoba Hydro set the build-out target equal to
the 2024 ELF for years 2025 to 2029, and equal to Load Projection 2 for years 2030 to
2035. Figure 29 compares the build-out target with the 2024 ELF and Load Projection 2.
By the end of the planning period in 2035, the build-out target is approximately 380 MW
higher than the 2024 ELF.

Figure 29. 2025 IRP Minimum Build-out Target to 203572

7.9.2 Plan Evaluation Metrics and Process
Manitoba Hydro evaluates the potential development plans using nine metrics across

four themes, as shown in Table 43.173

171 IRP, Appendix 2, p. 24.
172 |IRP, Appendix 2, p. 26.
173 |IRP, Appendix 8, p. 2.
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Table 43. Evaluation Themes and Metrics

RELIABILITY COSTS ENVIRONMENTAL SOCIO-ECONOMIC
Adequate Supply Net System Costs GHG Emissions Economic
Resource Diversity Customer Direct Environmental Risk Reconciliation
Technology Maturity ~ COsts Considerations (non-  Economic

GHG) Opportunity

Each plan receives a score for each metric of either “More Favourable,” “Neutral,” or
“Less Favourable.” The scoring criteria for each metric varies; some used quantitative
criteria for determining the metric score, others are qualitative and “based on utility

planning experience and are not intended to represent probabilistic forecasts.”*’*

After each plan receives a score for each of the nine metrics, the scores are rolled up
into scores for each of the four themes. In instances where a development plan receives
different favourability scores under a theme, Manitoba Hydro employs a ruleset for how
to combine two to three metric scores into one theme score. However, the IRP also
notes that if, after following the ruleset, the theme score “is not truly representative for
the overall evaluation of the theme, utility planning experience is employed such that
the qualification does not understate, or overstate, the value provided by the potential

development plan.’1’®

Each of the ten development plans is then evaluated on the nine metrics using each of
the three load projections. These scores are rolled up into theme scores for each of the
load projects. In the final step, these theme scores are aggregated into a combined score
for each plan across all load projections. For this aggregation, Manitoba Hydro again

uses a ruleset to determine the final score.’®

7.9.3 Plan Evaluation Results

The end goal of the development plan evaluation phase is a set of shortlisted plans.
Manitoba Hydro evaluates the plans using the three objectives discussed above:
meeting the build-out target, scoring across evaluation themes, and ensuring a diverse

plans for further evaluation using financial and risk metrics. The plans under each

174 IRP, Appendix 8, p. 3.
175 IRP, Appendix 8, p. 11.
176 |IRP, Appendix 8, p. 21.
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grouping (“Lower Cost Plans,” “Diversified Capacity Plans,” and “Maximized Alternatives

Plans”) are reviewed as separate groups.

The results of Manitoba Hydro's assessment of each group, along with its determination
regarding short listing, is reproduced below.

Table 44. Lower Cost Plans evaluation results”’

In the Lower Cost Plans, P1 and P2 are eliminated because they do not meet the build-
out target, and P4 is more costly than P3, so it is eliminated. P3 is selected for the
shortlist.

Table 45.  Diversified Capacity Plans evaluation results'’®

Scoring of the Diversified Capacity Plans shows similar results, so all three plans are
shortlisted.

Table 46. Maximized Alternatives Plans evaluation results'”®

177" IRP, Appendix 8, p. 27.
178 |IRP, Appendix 8, p. 28.
179 IRP, Appendix 8, p. 28.
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Manitoba Hydro eliminated P6 and P8 because they do not meet the build-out target,

and also noted that P6 is less favourable in cost. P7 advanced to the shortlist.

As a result of its development plan evaluation process, Manitoba Hydro advanced the
following plans to the short list: P3, P5, P5A, P5B, and P7.

7.9.4 Discussion
The development plan evaluation phase is a critical step in Manitoba Hydro’s process of
refining the potential portfolios into a shortlist. Daymark offers the following

observations and conclusions regarding this phase of the analysis.

Evaluation metrics align with planning priorities

Overall, the evaluation metric themes used by Manitoba Hydro to determine the
development plan shortlist are well-aligned with the objectives of the IRP. Combining a
detailed review of the reliability, cost, environmental, and socio-economic impact of
resource expansion strategies provides an important foundation for the final

development plan recommendations.

The design of this type of evaluation process is highly utility- and situation-specific, and
Manitoba Hydro has unique priorities as compared to other utilities, which were
reasonably addressed in the evaluation process. While Daymark has some concerns
about specific elements of this phase, in general we agree that the themes considered

by Manitoba Hydro were appropriate given the priorities of the IRP process.

Build-out target is unreasonable screening measure

As noted above, the build-out target is introduced for the first time during this phase of
the analysis. Several of the potential development plans — namely P1, P2, P6, and P8 —
were eliminated from shortlist consideration because they did not build sufficient
capacity to meet the build-out target. The use of the build-out target is not aligned with
the process initially used to develop the plans in the capacity expansion analysis. The
plans were developed to build capacity meeting a certain forecast of capacity and energy
needs but then are eliminated from consideration because they do not build sufficient

capacity to meet a different forecast of capacity and energy needs

For the Lower Cost plan group, this elimination criterion does not have a significant
impact on results because the core differentiation between plans P1 through P4 is
simply the amount of CT capacity added. The other groupings, however, exhibit

meaningful differences in capacity expansion decisions. Eliminating plans in those

176
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groups due to a somewhat arbitrary criterion may meaningfully impact the diversity of

plans considered in the shortlist.

Use of evaluation metrics and build-out target is not fully clear
The IRP provides some details and narrative discussion of the results of the development
plan evaluation, including Appendix 8. Despite this material, the scoring of evaluation

metrics and the process for making elimination and shortlist decisions is not fully clear.

For example, the process of developing a final assessment for each plan entails first
rolling up metric scores into broader theme scores for each plan under each Load
Project, and then creating an aggregate score for each plan. Since the metric scores are
non-numeric, and use a more subjective More Favourable/Neutral/Less Favourable

grading, it can be difficult to trace the specific drivers of the final scoring for each plan.

In addition, while several plans were eliminated for not meeting the build-out target, the
results do not specify under which circumstances the violation occurred. Plans P6 and P8
were eliminated because they did not meet the build-out target, but as noted in Table
42 above, these plans each had more accredited capacity than Plan P7, which was not

eliminated.

7.10 Short List Plan Evaluation

After eliminating five development plans in the prior phase, the five remaining
development plans were included in the short list, including plans from each of the
categories (“Lower Cost,” “Diversified Capacity,” “Maximized Alternatives”). Table 47,
below, summarizes the 2035 resource build-out for each potential development plan

included on the short list.
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Table 47.  Short List of Five Potential Development Plans — Accredited Winter
Capacity (MW) by 2035

The short-listed plans are evaluated for financial impact and key risks using several tools.
Appendix 9.1 briefly discusses the financial analysis and provides key results. Appendix
9.2 to the IRP provides a brief overview of the Enterprise Risk Management (ERM)
Framework, the process used to apply the framework to the five development plans,

and the results of the risk analysis.

For financial impact, “[t]wenty-year financial projections were prepared for all five
shortlisted potential development plans under both load projections®®! using the 3.5%
proposed rate path filed as part of the Fiscal 2026 to 2028 GRA.”*8 For key risks,
Manitoba Hydro used their ERM Framework focused “on the 10-year time horizon out to
2035183

7.10.1 Short List Evaluation Methodology

The short list plans are evaluated using a range of financial metrics, as well as a

guantitative and qualitative risk assessment, as described below.

180 |RP, Appendix 9.1, p. 2

181 Manitoba Hydro produced these analyses for the 2024 ELF and the LF2 IRP scenario.
182 |RP, Appendix 9.1, page 7.

183 |RP, Appendix 9.2, page 1.
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Financial Analysis

Manitoba Hydro assessed each of the five short-listed portfolios against both the 2024

ELF and Load Projection 2 to calculate financial results. While Manitoba Hydro produced

a full financial analysis, for the purpose of selecting a preferred and alternative plan,

they focused on a few key forecast statistics and financial metrics, as presented in

Appendix 9.1. For the electric business, the key elements reported were:

For the natural gas business, the key elements reported were:

Electric Sales Projections

Net Export Revenue

Capital Expenditures

Net Income/(Loss) & Retained Earnings

Net Debt & Debt Ratio

Natural gas volume forecast

Natural gas customer forecast

Natural gas gross margin forecast

Net Income/(Loss) & Retained Earnings

Net Debt & Debt Ratio

Risk Analysis

Manitoba Hydro assessed each portfolio against twelve key risks, reproduced in Table

48.
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Table 48.  Summary of Key Risks®*

RISK DESCRIPTION AND EXAMPLES OF DRIVERS

Execution Risk to Manitoba Hydro’s ability to implement the development plan,
such as availability of internal resources, regulatory approvals, and the
design, manufacturing, supply, installation and commissioning of the
resources.

HVDC Failure Exposure to major prolonged HVDC outages relative to planned
modernization, and the ability and timing of system restoration.

Economic Higher resource costs, higher or lower export prices, higher natural gas
costs for generation, drought costs, and other economic considerations.

Demand Electricity and gas demand (higher or lower than 2024 Electric Load
Forecast).

Regulation Changes to Acts and/or regulations impacting customer demand, costs

influencing operation of resources such as carbon pricing, or inflexibility
of operations due to operating licences.

Resource Effective
Capacity

Uncertainty in resource performance and capacity characteristics due to
level of resource maturity and/or presence in Hydro’s system. This
includes performance assumptions of technologies such as battery
storage, additional energy efficiency beyond legislated requirements,
Demand Response, and large volumes of wind.

Long-term Generation &
Distribution Reliability

Availability/dependability of existing generation and delivery systems to
meet customer demand. This includes the ability to complete
maintenance, upgrades, and renewals of existing system components to
avoid equipment outages and service interruptions.

Energy Sovereignty

Potential threats or vulnerabilities to the ongoing reliable supply of
electricity or natural gas from jurisdictions outside of Manitoba or
Canada’s control.

Performance of Energy

Efficiency

Ability to achieve the levels and timing of demand response and energy
efficiency described in the potential development plans.

Extreme Weather

Exposure to risks caused by extreme weather, such as impact of extreme
cold on natural gas supply for heating and to fuel combustion turbines.

Reputation

Negative impact on Manitoba Hydro’s reputation as a low greenhouse
gas (GHG) emitting producer and supplier of electricity.

T&D Execution and
Capex

Capital and resource constraints that can force deferral of distribution
system capacity projects and in some situations lead to delays in
customer connections until needed load growth until upgrades can be
completed.

Consistent with Manitoba Hydro’s normal use of the ERM Framework, the scoring of IRP

risks translates into two metrics, both with a 5-point scale:

e Likelihood of occurrence (Remote, Unlikely, Possible, Likely, Almost Certain)

e Impact (Insignificant, Minor, Moderate, Major, Severe)

184 |RP, Appendix 9.2, p. 3. Reproduced from Table 9.2.1.
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Each of these twelve key risks are assessed by appropriate subject matter experts.
Where possible, quantitative assessments were used. For many of these, however,
professional judgement and qualitative assessment are required. Interdependencies
within the key risks are assessed qualitatively and used during a consensus building

phase that led to final assignment of risk scores.

Each risk (except for High Voltage Direct Current [HVDC] failure) has multiple drivers.
Scoring is first applied to each driver of a particular key risk. The highest risk driver

defined the score for the risk category.

7.10.2 Short List Evaluation Results
The results of the two dimensions of short list evaluation are included in Appendices 9.1
and 9.2 of the IRP. As discussed below, the assessment of the plans across both

dimensions provides the basis for the final screening and selection of portfolios.

Financial

For financial results, several tables of results are provided in Appendix 9.1. After
discussions with Manitoba Hydro staff, it became clear that a key element in the decision
to go from five short-listed plans to a preferred and alternative plan was the range of

capital expenditures, reproduced here:

Figure 30. Manitoba Hydro Capitalized Expenditures'®®

185 |RP, Appendix 9.1, p. 7.

Independent Expert Consultant Report: Manitoba Hydro’s 2025 Integrated Resource Plan 181



DAYMARK

ENERGY ADVISORS
APRIL 24, 2026

Risk Analysis

The results of risk analysis conducted on the five short list plans are summarized in Table
49, below.

Table 49.  Manitoba Hydro Summary of Risk Assessment'%®

One significant result was the scoring of two development plans as “riskier” due to
additional risk scores of 20 points. Plans P5B and P7 were ultimately discarded, in part,

based on this additional risk assessment.

Beyond the simple higher scores for those two plans, Manitoba Hydro also identified six
key risks that they believed showed “meaningful differences” between plans. Those six
key risks, which are discussed in Subsection 1.4.2 of IRP Appendix 9.2, are:

e Execution

e HVDC Failure

e Economic

e Demand

e Regulation

e Reputation

186 |RP, Appendix 9.2, p. 4.
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Plan Selection
In considering the final screening of the five short list plans, Manitoba Hydro utilizes two
threshold conditions, which were responsible for eliminating three of the shortlisted

plans. Those threshold conditions are listed in the IRP as follows:

e Risk: Maximum of one very high-risk level for any of the key risks identified;

e Capital Investment by 2025: Within $600 million of the lowest-
cost option.*®’

The results of applying those thresholds are summarized in Figure 31.

Figure 31. Manitoba Hydro Recommendation Framework Results

We discuss the risk structure, choice of metrics, and interpretation of results in the

following section.

7.10.3 Discussion

For the evaluation of their shortlisted plans, Manitoba Hydro uses risk and financial
models that have been tested and accepted through other dockets. Utilizing existing,
vetted and well understood methodologies helps ensure a common point of
understanding among Manitoba Hydro, the PUB and stakeholders. With that foundation,
there are opportunities to enhance the process and the transparency of how Manitoba
Hydro assessed the development plans, particularly in relation to non-numeric scoring.
Daymark offers the following observations regarding the risk and financial assessment of

the short list plans.

187 |RP, page 54
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Ensuring a strong financial outcome for Manitoba Hydro is a reasonable
objective of the selection process

The financial analysis performed by Manitoba Hydro is an important component of the
review of potential development plans. By evaluating the plans with their normal
financial model, Manitoba Hydro can ensure that each candidate plan's impact on their

balance sheet is well understood.

Capital expenditures, while an important consideration, may not be the best
metric for a financial threshold

The cumulative capital expenditures metric captures important information relevant to
Manitoba Hydro, the PUB and stakeholders. However, it is also a flawed metric,
particularly as a threshold condition used to eliminate candidate plans. First, a
cumulative number does not tell us anything about the timing of those expenditures.
More importantly, capital expenditures are only part of the balance sheet impact of a
development plan. Revenue and variable cost differences are not reflected in this metric,
which could distort the impact on Manitoba Hydro. Capacity costs are generally better
represented by the levelized fixed (capital carrying and O&M) costs minus the levelized

net energy benefit the resource provides.

Additionally, as applied by Manitoba Hydro, this metric does not consider the risks of

I ' on ik alone could mateially e

the financial threshold scoring of the shortlisted development plans.

Rate impact analysis (which is under way) would have been a good addition to
balance Manitoba Hydro picture with an outlook of the ratepayer picture

As stated above, ensuring a reasonable financial outcome for Manitoba Hydro is an
important objective. But ensuring a reasonable financial outcome for Manitoba Hydro’s

ratepayers is an equally important objective.

As discussed below in Section 9, Manitoba Hydro is currently working on rolling out an
energy wallet analysis designed to illustrate the impact of the proposed plans on
ratepayers. This is a robust test of the financial impact on ratepayers and is more than
Daymark typically sees produced in IRPs. This is clearly an area where Manitoba Hydro
can do more than just follow best practices but potentially lead them. Once completed

and vetted this analysis should be a welcome addition to the material being produced

1b
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for the PUB and stakeholders, and should be included in future IRPs as a component of

financial analysis and plan selection.

The risk analysis considered an appropriately wide range and types of risk

The use of the Enterprise Risk Management Framework ensured both alignment with
other risk assessments as well as a consideration of a broad set of risks, appropriate for
the objectives of a long-term resource planning study. The risk assessment can help

identify strategic advantages and disadvantages of certain portfolios.

Manitoba Hydro’s rationale for the assignment of risk scores could be more
transparent

As discussed above, many of the risk factors were scored qualitatively rather than
guantitatively. Given the types of risk factors included in the framework, this is not
surprising, as many of them may not be appropriately reflected in numeric scores.
However, when professional judgement and reliance on subject matter expertise is
required, there needs to be an emphasis placed on transparency. Manitoba Hydro
discussed the key risk factors that differentiated the plans, but more detail would assist
stakeholders and the PUB to assess the rationales. Since two risk factors were
responsible for eliminating two plans from consideration, greater care in fully

articulating the considerations that went into those scores would benefit this process.

The Economic Risk Factor scoring seems counterintuitive

Manitoba Hydro states that, “[t]he biggest difference between plans is due to resource
cost uncertainty. These costs are likely to rise beyond what was assumed in the IRP, and
some plans are more affected than others depending on the mix of resources. Plan P7
has higher base costs and greater financial impact due to cost uncertainty, resulting in

the very high-risk rating.” 18

As previously discussed, the most well-documented cost risk in the market right now is
the cost of CTs. Yet the plan with the lowest level of CT addition (P7) scores lower than
the four plans with more CTs, and the amount of CTs in those four plans does not alter
the scoring between them. The cost of CTs is clearly not the only component of
economic risk, but it does seem to have been excluded or potentially understated as a

driver of risk.

188 |RP, Appendix 9.2, page 12.
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HVDC Failure Risk Factor should also be further investigated

Manitoba Hydro says of the HVDC Failure risk that, “[b]y 2035, the overall shortage of
capacity is expected to be similar across different plans. However, the impact would be
worse in the earlier years for development plans P5B and P7 which have less capacity

during this period relative to other plans."%

This difference in timing appears to be due to Manitoba Hydro’s assumption of the
timing of battery resources coming online. In most parts of North America, battery
storage systems are some of the fastest facilities to deliver. It is unclear why battery
storage is assumed to take as long as it does, nor is there any apparent effort to mitigate
the early year risk to see if this lack of protection against HVDC failure is inherent in the
resource mix or a function of how Manitoba Hydro constructed P5B and P7.

Risk analysis should focus more on mitigation, including consideration of
whether mitigation opportunities vary materially across plans

The likelihood and magnitude of risk are not the only critical elements of risk analysis.
The availability, cost, and effectiveness of mitigation strategies can often alter an

assessment of acceptable or unacceptable risks.

Mitigation strategies can often vary widely between resources within a plan, making an
assessment of mitigation by plan an important potential future enhancement to
Manitoba Hydro’s risk assessment. For instance, while DSM can appear to be riskier than
putting steel in the ground, it can be slowed down should load fail to materialize and
capacity become unnecessary. Once a power plant is built, there are limited options for
mitigation of overbuild. This alone may not necessarily change a scoring for any one plan

but could be an important factor for comparing diverse plans.

Risk assessment should also incorporate a plan’s impact on enterprise risk
rather than standalone plan risk

The risks being assessed by Manitoba Hydro are mostly external conditions that could be
improved or exacerbated by selection of a plan. As such, some of the risks being
evaluated in the IRP are inherent in today’s hydroelectric power system, not just in the
new resources being considered for the development plan. This suggests that assessing
plan risks as to whether they materially affect the Manitoba Hydro system’s risks could

lead to meaningful differences in the comparison of risks between plans.

189 |IRP Appendix 9.2, page 12.
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7.11 Identification of Recommended and Alternative Development
Plans

As a result of the short list evaluation, Manitoba Hydro eliminated three of the five

potential development plans, leaving P3 and P5A. Manitoba Hydro conducted a final

comparison of the plans, evaluating them based on alignment with the Affordable

Energy Plan (AEP) and other government mandates.'®® The results of that evaluation are

summarized in the figure below.

Figure 32. Alignment with Affordable Energy Plan and government mandates for
Manitoba Hydro

Plan P5A, with additional energy efficiency and hydropower refurbishments, provides
better alignment with the objectives of the AEP, and was selected as the Recommended

Development Plan. P3 was selected as the Alternative Development Plan.

The plans feature many similarities in the types and amounts of capacity added by 2035,

as summarized by Manitoba Hydro in Figure 33.

19 |RP, p. 55.
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Feasible Resource Options Recommended Alternative
Development Plan (MW) Development Plan (MW)

Efficiency plan projection 450 450

Demand response including 310 310

curtailable rate program

Additional energy efficiency 100 0

programs

Total customer side solutions 860 765

Feasible Resource Options Recommended Alternative
Development Plan (MW) Development Plan (MW)

Total customer side solutions 860 765

Wind? 120 140

Battery storage 5 '3

Enhancements to 25 0]

existing hydropower

Combustion turbine fuelled by 750 850

natural gas

TOTAL BY 2035 (approx. MW, 1760 1760

accredited capacity)

Figure 33. Recommended and Alternative Development Plans, accredited

capacity additions by 2035

The figure below provides an annual capacity balance for the Recommended
Development Plan, compared to the 2024 ELF and the build-out target used for

evaluating development plans.

7,500
7,000
6,500
6,000
3
s
5,500
5,000
4,500
4,000
2024/25  2025/26  2026/27  2027/28  2028/29  2029/30  2030/31  2031/32  2032/33  2033/34  2034/35
mmmmm Existing Supply Resources mmmm New CTs
mmm New Wind mmmm New Batteries
7024 ELF: Capacity need (gross) e 2024 ELF: Capacity need (net of DSM)
= e Buildout Target: Capacity need (gross) =ww Buildout Target: Capacity need (net of DSM)
Figure 34. Recommended Development Plan, supply/demand balance
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Discussion

In general, Manitoba Hydro’s selection of P5A over P3 as the Recommended
Development Plan is reasonable. Both plans include 1,760 MW of capacity additions by
2035, and include comparable levels of resource additions by type. Daymark agrees that,
considering the slight differences between the plans, P5A is more aligned with the
objectives of the AEP.

Considering the annual capacity balance of the Recommended Development Plan
(Figure 34 above), Daymark offers two notable observations. First, the plan does not
address capacity shortfalls in early years before 2030/31, noted where the demand lines
exceed the available supply. This is not unique to this plan and is the result of a lack of
available options early in the planning period. Manitoba Hydro acknowledged this,
noting that “[i]n reality, any unmet capacity or energy needs before 2030 are addressed
through operational planning.”** Manitoba Hydro did not specify the nature of the

“operational planning” measures.

Second, it is important to recognize that, compared to the 2024 ELF (denoted by the
solid lines on the figure), the Recommended Development Plan results in a significant
capacity surplus, totaling 450 MW in 2030/31 and growing to 550 MW in 2034/35. This
surplus above the 2024 ELF capacity requirement grows in the period after 2035.
Compared to the build-out target (denoted by the dotted lines on the figure), the

capacity surplus is more reasonable over time.

The important conclusion of this evaluation is that if the policy and economic conditions
driving higher loads in Load Projection 2 (upon which the build-out target is based, after
2030) do not materialize, Manitoba Hydro will have a significant capacity surplus for
several years. This negatively impacts the objective of affordability. Considering that
Load Projection 2 is built with both economic growth and policy drivers concurrently
increasing load, as discussed in Section 4.8.4 above, it is possible that a more balanced

approach would lead to a lower trajectory than the build-out target.

191 |RP, Appendix 7.1, p. 62.
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8 TRANSMISSION AND DISTRIBUTION

The IRP states that the “2025 IRP’s recommended development plan also includes IRP-
specific non-generation investments to enable resources and future system
development.”*2 These investments refer to both electrical transmission and
distribution (T&D) assets to support new generation and load growth as well as gas
infrastructure to support new natural gas generation. This section discusses the

methodology used to incorporate T&D investments.

For this scope item, Manitoba Hydro provided to Daymark a series of internal memos
produced by their planning engineers. The information from these memos informed the
T&D costs used in the IRP. Most of this section summarizes information provided in
these technical memos. Where exact wording from Manitoba Hydro has been utilized,
we have provided footnotes to identify those cases.

8.1 Scope ltem

This section addresses scope item #9.

Scope item #9

Does the IRP appropriately incorporate required transmission and distribution

investments?

8.2 Manitoba Hydro Methodology

Section 2.1 of IRP Appendix 7.1 discusses the methodology for incorporating necessary
electrical T&D investments into the broader IRP methodology. Manitoba Hydro’s
methodology includes separate methods for estimating and costing potential

infrastructure based on serving varying levels of load with new generation.

8.2.1 T&D Infrastructure

Electric transmission estimation is discussed in Section 2.1.1 of the IRP, while sub-
transmission and distribution are discussed in Section 2.1.2. While there are some
differences between the two methodologies, both were performed using steady state
power flow and contingency modelling. All studies were performed in compliance with
applicable reliability criteria, including both Manitoba Hydro criteria and the North

American Electric Reliability Corporation (NERC) criteria. This type of modelling identifies

192 |RP, p. 37.
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where and when the existing system is insufficient to reliably deliver the desired power

to the needed demand.
The two types of infrastructure separately analyzed are:

e Transmission, sub-transmission and distribution needs for serving the
various load growth scenarios and the avoided costs associated with DSM

e Generator interconnection needs to serve new power facilities.

Each type is discussed below.

8.2.2 T&D Estimates to Serve Load Forecasts (and avoided costs of
DSM)
Upgrades that were identified to meet the forecasted load were derived from two

analyses:

e Transmission level impacts
e Sub-transmission and distribution impacts

Transmission
Manitoba Hydro analyzed the potential transmission impacts of increased load by using

steady state power flow studies, considering various levels of load increases.

Manitoba Hydro utilized planning cases developed using the Multiregional Modelling
Working Group series planning models and included a comprehensive list of study
assumptions, clearly defining the scope of the study and identifying the components
included and excluded. The study used an iterative approach with the goal of
establishing a dispatch pattern that gives approximations of infrastructure costs before

including generator interconnection, which was included separately.

Once proxy solutions to overloads were identified, the costs themselves were derived
from past Manitoba projects, regional transmission cost estimate guides, *** and

professional judgement from engineers.

Sub-transmission and distribution
For the purposes of lower voltage grid costs, Manitoba Hydro divides the province into

six load zones, as follows:

193 Midcontinent Independent System Operator: Transmission Cost Estimation Guide for MTEP24. May 1,
2024.
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e Zone 1 - Northwest

e Zone2—West

e Zone 3 —Winnipeg

e Zone 4 —South Central
e Zone5-—East

e Zone 6 - Northeast

Manitoba estimates sub-transmission and distribution costs by zone, allocating capacity
proportionally based on each zone’s share of total demand. Because available sub-
transmission capacity is lower than total load, each zone receives only a proportional
allocation rather than its full requirement. Excess capacity in some zones is then
hypothetically redistributed to neighboring zones to balance system needs. Line lengths
for each zone are estimated, and costs are calculated by assuming half the zone length

for internal transfers and the sum of half-lengths of two zones for inter-zonal transfers.

Cost assumptions are based on unit line costs of $175,000 per km for Zones 2, 3, and 4,
and $300,000 per km for Zones 1, 5, and 6 due to more challenging terrain. Overall, the
analysis provides a high-level planning estimate of infrastructure needs and costs, using
simplified assumptions for load allocation, capacity transfers, and line lengths to support

long-term IRP decision-making.

8.2.3 Generator Interconnection Estimates

Manitoba Hydro prepared estimated generator interconnection cost estimates for each
generating resource option. For thermal generation, the methodology was based on the
resource and utilized normal interconnection power flow modelling. Manitoba Hydro
relied on expertise of transmission planning personnel to attempt to site the generation
at buses with less transmission upgrade requirements. For non-thermal generation,
additional assumptions were needed to allow for planning level interconnection cost
estimates. Specific cost estimates for transmission requirements for each generation
technology is provided through out Appendix 6 to the IRP. This section briefly discusses
those technologies and the assumptions used to calculate their cost estimates.

Wind and Solar Generation
For wind generation T&D costs, Manitoba Hydro used exploratory studies. For solar

facilities, Manitoba Hydro identified five potential sites, along with distinctions based on

194 Internal Manitoba Hydro Memo: Long Term Subtransmission Cost Calculation.
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fixed tilt and tracking panels. Without clarity on where solar might be sited, Manitoba

Hydro evenly divided the development across all five sites.

Hydroelectric Generation

Manitoba Hydro developed high-level transmission cost estimates, connection strategies, and
technical assumptions to support T&D estimates for potential future hydroelectric generation in
northern Manitoba. They evaluated how up to 4,000 MW of new generation could be
interconnected, including a comparison of Alternating Current (AC) and HVDC transmission

pathways.

Transmission expansion plans are assessed across seven stages of development, progressing
from existing facilities to incremental additions along the Burntwood River, Upper Nelson, Lower
Nelson, and Upper Churchill River systems. Two primary transmission approaches were
analyzed. The first relies mainly on AC transmission and avoids construction on the east side of
Lake Winnipeg, requiring approximately 2,000 km each of new 230 kV and 500 kV lines. The
second approach is DC-oriented, featuring an isolated northern collector system, integration
with Bipole Ill using voltage-sourced converters, and new AC and DC transmission infrastructure

constructed on the east side of Lake Winnipeg.

Battery Energy Storage Systems

For the purposes of estimating integration costs of battery storage, Manitoba Hydro determined
that “[t]he primary service being considered in the IRP is to defer investment in peak
generation.”'> Manitoba Hydro noted that batteries can also defer transmission or sub-
transmission depending on siting location, but that analysis was not performed for the purposes
of the IRP. They did, however, select a size (50 MW blocks) that could reduce the sub-station

impact of interconnection by minimizing site expansion costs.

8.3 Discussion

Manitoba Hydro, like most utilities in North America, primarily analyzes T&D costs to
ensure fair and consistent treatment across analyses of new load, energy efficiency, and
various generating technologies. This is a reasonable approach, and the IRP team clearly
relied on the T&D subject matter experts to guide the inclusion of costs (in the case of
load and new generation) or avoided costs (in the case of energy efficiency and demand

response).

195 Internal Manitoba Hydro Memo: Transmission Cost Assumptions and Inputs for Southern Manitoba
Generation Development Options
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The T&D experts utilized professional judgement to attempt to minimize needed
transmission expansion for various potential resources. This is a reasonable approach,

and we do not believe the IRP was biased due to T&D cost estimation.

Notwithstanding the general conclusion of reasonableness, certain areas stand out as

being worth exploring for the purposes of enhancing subsequent IRPs, discussed below.

Fully evaluate the potential battery storage benefits

Storage systems can provide benefits that extend far beyond capacity. We discussed
battery storage from a resource perspective in Section 5.5. The same basic
recommendation extends to the potential for BESS to defer transmission, sub-
transmission, or distribution. In future IRPs, ensuring that battery storage is included as a
non-wires alternative to T&D will enhance the integration of generation and

transmission planning within the IRP.

Test the value of existing transmission interconnections with other markets
Manitoba Hydro has invested in interties with its neighbors, particularly south into the
United States Midcontinent Independent System Operator (MISO) system. Traditionally
these interconnections have provided significant value to Manitoba Hydro and
ratepayers. In recent years, the amount of firm capacity delivered into Manitoba has
dropped. In fact, as discussed in Section 7.2 above, a sizeable amount of the looming
capacity need is due to reduced capacity imports.

The question of whether firm capacity imports or exports will continue to decline or not
has been a subject of consideration in multiple past GRAs. Capacity is tighter
everywhere and Manitoba Hydro, despite continuous efforts, has significant uncertainty
regarding the ability to extend or replace their capacity contracts as they expire. This
makes the current assumption of only a small amount of capacity over external interties

understandable as a reference case.

However, capacity is still available and sold among counterparties, even if at elevated
prices. Manitoba Hydro could test whether increased use of these lines, even at
significantly higher costs of capacity, could provide value in avoiding other system
reliability costs.
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9 ACTION PLAN MILESTONES AND TIMELINE

Manitoba Hydro has significant and urgent planning needs over the 10-year planning
period, with a particular focus on the capacity needs evolving in the next five years. The
IRP characterizes the capacity as occurring by the end of 2030, although the supporting
materials also indicate that there may be capacity shortfalls even sooner. This highlights
the importance of establishing realistic targets for implementing the individual efforts
needed to achieve the Recommended Development Plan.

The IRP concludes with an Action Plan describing activities that need to be completed
over the next five years. Successful completion of these actions is important to ensuring
system reliability and planning for future growth and policy compliance. This section
discusses Manitoba Hydro’s timelines and milestone dates for implementing new
resources in accordance with the IRP.

9.1 Scope ltem

This section addresses scope item #10.

Scope item #10

Are the timelines for implementing or commissioning the proposed resource
options realistic? Are there upcoming key milestone dates to implement such

projects?

9.2 Action Plan Overview
Manitoba Hydro identifies twelve Near Term Actions (NTAs) “to be completed over the

next five years.”*% The twelve NTAs are divided into two Themes as follows:

e Theme 1 —Implement the development plan
e Theme 2 — Prepare for the next IRP and continue ongoing planning

The NTAs associated with commissioning proposed resource options are included in

Theme 1 and are discussed in the following sections.

9.3 Demand-side Resource Development
The IRP Action Plan includes two NTAs pertaining to demand-side management

resources:*%’

19% |RP, p. 65.
197 |RP, p. 66.
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1. Collaborate with Efficiency Manitoba to support the development and
delivery of their next Plan, including legislated and additional targets per
this IRP.

2. Implement demand response and curtailable rate programs, in
collaboration with Efficiency Manitoba. Advance enabling technologies
such as advanced metering infrastructure.

As discussed in Section 7.11 above, energy efficiency and demand response resources
are critical components of Manitoba Hydro’s strategy to meet near-term resource needs,
particularly the urgent need for capacity by 2030. As such, it is essential that programs
are deployed on the schedule envisioned in the IRP.

Regarding the energy efficiency programs, the baseline Efficiency Plan Projections
assume that Efficiency Manitoba’s programs achieve the mandated target of 1.5%, plus
significant additional savings from Selectable Energy Efficiency. To date, the program
savings have not yet achieved the 1.5% target in any plan year, which provides an
indication of the broad challenges to deploying energy efficiency, even with ample
economic potential. Achieving the planned savings on the timeline anticipated in the IRP
will require a significant acceleration of efficiency measure adoption. That said, the
Efficiency Plan Projections and the Selectable Energy Efficiency resources are the
product of collaboration between Efficiency Manitoba and Manitoba Hydro, the entities
with the best ability to determine the feasibility of achieving the targets included in the
IRP. In addition, Efficiency Manitoba has established a programming foundation upon
which this accelerated growth period can build. It will be critical for Efficiency Manitoba
and Manitoba Hydro to closely track program progress in order to identify when
deployment targets are in jeopardy, and when alternative capacity or energy options

need to be pursued.

For demand resources, 151 MW of the planned capacity contribution reflects a
continuation of the Curtailable Rate Program after the program expires. This is a
reasonable assumption, and there are no specific timeline concerns with this
assumption, although Manitoba Hydro should proactively work with current participants

in the program to ensure continued interest.

For the remainder of the planned DR capacity, Daymark has not identified specific
concerns with the timelines assumed in the IRP. However, similar to the energy
efficiency measures, there is significant uncertainty regarding customer adoption and

program success rates. Manitoba Hydro and Efficiency Manitoba will need to work
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closely together to ensure that timeline risks are identified and managed, or that

alternative substitute capacity resources are secured to maintain reliability.

9.4 Supply-side Resource Development

The IRP includes five NTAs associated with supply-side resources:%

3. Procure Indigenous majority-owned wind through a call for power.

4. Execute plans for combustion turbines fuelled by natural
gas/biomethane.

5. Implement enhancements to existing hydropower and continue to
pursue additional opportunities.

6. Implement utility-scale battery pilot project.

7. Pursue near-term import/export market options as available.

9.4.1 Indigenous Majority-Owned Wind Projects

The Recommended Development Plan includes the development of up to 600 MW of
indigenous majority-owned wind, consistent with the Affordable Energy Plan. Manitoba
Hydro assumes a phased-in schedule, with the initial project in service before the
2029/30 winter season. As noted in the IRP, Manitoba Hydro initiated the procurement
process prior to finalizing the IRP, “[w]ith the goal to announce successful bids by spring
2026.71%°

Manitoba Hydro’s procurement website notes that it successfully completed a request
for qualified suppliers (RFQS) process between October 2025 and March 2026, and the
first request for proposals (RFP) was issued to selected proponents on March 12,
2026.%°° The RFP closes in July 2026.

Given the current schedule, it appears that the procurement is delayed from the
timeline anticipated in the IRP. However, it is still potentially feasible for the first wind
project to be in service by the end of 2029. Whether a project can be permitted and
constructed within approximately three years will depend on the stage of development
of the project, the permitting process, and the timeline for interconnection studies and

necessary upgrades.

19 |RP, p. 66.
199 |RP, p. 68.

200 Manitoba Hydro. Call for power: Indigenous majority-owned wind. Available at:
https://www.hydro.mb.ca/corporate/call-for-wind-power/
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While there are several variables impacting the feasibility of the timeline for wind
development, Manitoba Hydro has control over some of these factors. For example, the
RFP evaluation process can conduct thorough due diligence on the proposals to select
those that are expected to be in-service sooner, and that minimize the risks of
construction delays. Also, Manitoba Hydro has some amount of control over contract
negotiations, which can delay project development. Lastly, Manitoba Hydro plays an
important role in the interconnection process, and can reduce the risk of project delays

by prioritizing the study process and construction of any required upgrades.

9.4.2 Combustion Turbines

The recommended development plan includes 750 MW of new combustion turbine
capacity installed before winter 2030/31. There are many risks inherent in constructing
large new thermal capacity resources. As previously discussed, there is extremely high
demand for new thermal capacity in North America, and so the availability of gas
turbines, as well as other required equipment, may be limited, along with the skilled
labour needed to construct and commission new capacity. In addition, there are risks

associated with the development of required gas infrastructure to fuel the plant.

Manitoba Hydro has acknowledged the risks associated with developing new capacity on
the timeline required by the IRP. As described in Section 7.10, Manitoba Hydro evaluated
delays in project construction timelines as part of its evaluation of “Execution” in its risk
analysis. Manitoba Hydro concluded that “[p]lans with a higher proportion of
combustion turbines face greater exposure to delays in bringing these resources into

service, potentially leading to supply shortfalls around 2030.%%

Given the central role of CTs in the IRP and the current market constraints, Daymark
solicited additional detail from Manitoba Hydro as to whether the assumed first

availability date of 203022 was still achievable. Manitoba Hydro responded:

Manitoba Hydro has been actively working on the planning for new CT for some
time. A key part of this process has been to pull forward the procurement of long
lead equipment (including CT Turbine & Generators) in response to current
market conditions. Specifically, Manitoba Hydro has recently been in the process
of undertaking a slot reservation agreement with a CT OEM vendor. The current
project schedule is to have all three units in-service by December 2030. As an

201 |RP, Appendix 9.2, p. 11.
202 |RP, Appendix 6, p. 20.
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active project, the schedule is continuously being revised and updated based on

new information.?%

Manitoba Hydro has initiated the Major New Facility (MNF) review process in advance of
completion of the IRP in an attempt to mitigate timeline risks. The MINF filing is the
appropriate venue for detailed project schedules, and assessments of project-specific

timeline risk.

In the context of the review of the IRP, the timeline assumed by Manitoba Hydro likely
does not leave much margin for unexpected delays. Manitoba Hydro appears to be well
aware of this challenge, and has considered that risk in the IRP analysis. It will be critical
for Manitoba Hydro to develop a robust construction management process and work
quickly to secure alternative capacity supplies (such as import capacity) if milestones are

not met.

9.4.3 Hydropower Developments
The Recommended Development Plan includes 25 MW of new capacity from

enhancements to existing hydropower. The near-term action plan elaborates:

This NTA represents beneficial investments Manitoba Hydro can make to
improve system performance and defer the need for new infrastructure. These
enhancements may include turbine upgrades, control system improvements,
and/or targeted transmission projects. Enhancements have already been
identified and implementation has begun at Manitoba Hydro’s Pointe du Bois
generating station, and Manitoba Hydro will continue to pursue cost-effective
upgrades and make operational improvements to other existing generation,
transmission, and distribution assets to increase system capacity and

efficiency.?**

The 25 MW of incremental capacity is associated with the Pointe du Bois project. For the
IRP, Manitoba Hydro assumed that the in-service date of the four replacement units
would be 2029.2% Given that Manitoba Hydro has already begun implementation of the

project, the timeline should be achievable.

203 Response to Daymark DR, Set 6, Question 7.
204 |RP, p. 69.
205 |RP, Appendix 6, p. 17.
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The other components of this near-term action have not been described in any
additional detail. Accordingly, there are no specific timelines or milestone dates

associated with any additional upgrades.

9.4.4 Battery Storage Pilot

The Recommended Development Plan includes a small 5 MW battery storage pilot
project in by 2034. As discussed in Section 5.5, battery storage facilities significantly
faster to deploy than many other supply-side resources, so there is ample time to

achieve this schedule.

9.4.5 Near-term Import/Export Options

Manitoba Hydro has not assumed any new import or export contracts in its
Recommended Development Plan, and did not consider long-term contracts as a
potential resource option in the analysis. Nevertheless, the near-term action plan

contemplates continued consideration of contracts:

To manage supply and demand variability, Manitoba Hydro will continue to
explore and secure short- to medium-term market purchases and sales. This
includes optimizing the use of interconnections and participating in regional

market opportunities to ensure cost-effective and reliable energy supply.?°

This is a prudent step for Manitoba Hydro, which reflects the risks associated with the
constrained development timeline of other resources in the Recommended
Development Plan. Securing contracts for import capacity would help mitigate risk and
potentially allow for more efficient and cost-effective development of long-term

resources.

It is unclear from this NTA what specific activities Manitoba Hydro is envisioning. This
could include direct communication with potential counterparties, including those
parties with which Manitoba Hydro has previously or is currently contracting for
capacity. This could also include issuing an RFP for import capacity. The latter approach

is @ more conventional way to evaluate market options and compare prices.

If it has not already, Manitoba Hydro should initiate these activities as soon as possible.
When securing contract capacity, a longer lead time can improve the likelihood of
identifying cost-effective resources that can meet capacity needs on the timeline they

206 |RP, p. 69.
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are needed. These procurements can even be issued multiple times (e.g. annually) in

order to survey the market and identify resources that may have become available.

9.5 Conclusions

One of the primary conclusions of the IRP is that Manitoba Hydro is facing a significant
capacity need for which there are very few options available. The Recommended
Development Plan includes a portfolio of resources to be deployed in the next 5 years,
including demand-side resources (EE and DR) and supply-side resources (wind, CTs,
hydro upgrades). Each of these resources have unique timeline challenges. Manitoba
Hydro will need to actively track deployment and project schedules and develop detailed
milestone schedules in order to secure the incremental capacity anticipated in the IRP,
and to identify when contingency plans, such as capacity purchases, should be pursued.
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10 RATE IMPACT

Utility planning activities should include consideration of the potential impact of the
results on ratepayers. While focusing on “least-cost” often coincides with lower
ratepayer impact, the timing of investments and avoided costs can result in varying
impacts on ratepayers. While rate impact analysis is not a universal component of all
IRPs, which typically focus on metrics like net present value of revenue requirement,
many utilities provide an indication of how the planned portfolio will impact customers.
This section discusses components of the IRP that are relevant to rate impact.

10.1 Scope Item

This section addresses scope item #11.

Scope item #11

If Manitoba Hydro includes estimates of the rate and bill impacts in the IRP,
review and comment on whether a different resource mix could result in lower

rate and bill impacts.

10.2 Rate Impact Considerations

Manitoba Hydro did not include any specific analysis to estimate the rate impact or
customer bill impact of the investments included in the Recommended Development
Plan, or any other plans evaluated in the IRP. The IRP conducted significant economic
analysis which can inform broad assessments of customer cost, but does not replace a

rate/bill impact analysis.

The IRP modelling focuses on least-cost planning in that the capacity expansion model
develops a portfolio that meets energy and capacity needs, along with all planning
constraints, for the lowest cost on a present value basis. Relevant costs include capital
cost, operations and maintenance costs, fuel and purchased power costs, and others.
Least-cost planning determines the present value of all these relevant costs over a multi-

year or multi-decade planning period.

Lower net system costs generally correlate to lower bills in aggregate for all ratepayers
over that same period on a present value basis. This correlation over time creates the
general impression that a plan that is least cost is likely to have the lowest rates over the
study period. This correlation breaks down, however, when there are significant
differences in customer consumption resulting from demand side management

resources, fuel switching, or electrification.
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The least-cost planning analysis in the IRP does not provide any specific visibility as to
what customers will experience for rates and bills during any given year of the study
period. This is due to several factors, including timing of cost recovery for investments,
effects of efficiency investments, and variable costs. In addition, the comparative
lumpiness of investments in a development plan might result in rapid short term large
rate increases. This impact is more apparent if the analysis is conducted on a financial
cost basis rather than a levelized annual cost basis. Levelized annual costs can obscure

the upfront nature of large capital investments which the utility must recover.

As an example, a plan having a high capital investment / low operating cost resource will
likely require more cost recovery in the early years as compared to a plan having a lower
capital investment / higher operating cost resource. Even if the two plans result in the
same net system cost on a net present value basis, the higher capital investment plan
will incur more costs that Manitoba Hydro needs to recover in rates in the early years
and lower costs in the later years.

10.3 Energy Wallet Analysis

While Manitoba Hydro did not conduct a rate impact or bill impact analysis, it notes that

a similar analysis is underway, but not yet complete:

An energy wallet analysis was also initiated as part of the 2025 IRP to explore
this emerging approach to estimating customers’ total household energy costs —
including utility bills, transportation fuel, and appliance purchases — to better
understand how potential development plans may impact household costs.
Because the methodology is still evolving, this work was intended as
supplemental and not considered in the recommendation framework or included
in the 2025 IRP report. Manitoba Hydro is continuing to work with our consultant
to refine the energy wallet analysis and validate outcomes.?%”

No additional details of the energy wallet analysis were provided. In general, however,
this type of analysis can be very useful, especially in planning and policy circumstances
such as those facing Manitoba Hydro. With a long-term net zero goal, there are likely to
be a range of policies and approaches in the coming decades that will impact relative
costs of energy sources, including electricity, natural gas and transportation fuels. A
holistic, integrated approach to evaluating how system changes impact all elements of

27 |RP, p. 53.
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consumer spending on energy is a critical step in understanding the relative benefits off

planning decisions.

Manitoba Hydro is in a unique position to perform such analysis with a greater degree of
precision than many other utilities. As Manitoba Hydro oversees the electricity system
and the natural gas system (through Centra Gas), as well as its close collaboration with
Efficiency Manitoba, it has deep visibility into drivers of cost to end users across the
province. The energy wallet tool, when complete, could provide valuable insight to
Manitoba Hydro, the PUB, and stakeholders regarding the best strategies to preserve
energy affordability.

10.4 Implications of Financial Analysis

Some elements of the financial analysis provide information that is relevant to the
consideration of customer impact. The financial analysis (discussed in Section 7.10) was
conducted for the five short list plans, using both the 2024 ELF and Load Projection 2. It
considers the impact of the resource plan on Manitoba Hydro’s annual costs and various
financial health metrics. Figure 33 summarizes the results of the analysis for the five
plans.

Figure 35. Manitoba Hydro Projected Annual Net Income/(Loss) Under 2024 ELF
and Medium Load Projections

On the revenue side, the analysis assumes the same customer rates across each plan,
and assumes that rates increase at 3.5% each year. Revenue varies across plans due to

the level of energy efficiency. For example, P3 has the lowest utilization of energy
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efficiency and thus more sales, yielding higher revenue for the same rates as the other

plans.

The differences in revenue, albeit for the same rates, and the differences in costs of the
plans will yield variations in the financial metrics. The analysis shows that the financial
results vary in terms of Annual Average Net Income/(Loss) for two different ten-year
periods and Retained Earnings on March 31, 2035 and on March 31, 2045. Given that
the financial metrics vary across plans assuming the same rate trajectory, we can infer
that the plans would require different rates in order to produce equivalent financial

performance for Manitoba Hydro.

10.5 Discussion

Manitoba Hydro did not provide a rate/bill impact analysis as part of the IRP. The
financial analysis conducted as part of the short list evaluation provides an indication of
the relative impact of different plans on Manitoba Hydro costs. However, as discussed in
this section, care should be taken when drawing conclusions about rate impact from

these metrics.

As mentioned earlier, Manitoba Hydro is developing an Energy Wallet concept which has

the potential to be a highly valuable tool for future IRP processes.
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11 CONSISTENCY WITH INDUSTRY BEST PRACTICES

Throughout this report we have discussed individual components of the IRP from a “best
practices” perspective. This section summarizes our findings and provides context and

recommendations for further consideration.

11.1 Scope Item

This section addresses scope item #12.

Scope item #12
Does the IRP follow

a) best practices for such plans as developed in other jurisdictions; and
b) the requirements set out in subsections 38.1(1) and (2) of The Manitoba
Hydro Act?

11.2 Alignment with Industry Best Practices

The concept of best practices for IRP is a complex topic. There is no single answer as to
whether a utility has followed best practices, as there is often no singular best practice
for performing an IRP. Individual utility circumstances, including utility structure,
regulatory and policy environment, access to markets, and other factors can mean that
differing choices can be “best” depending on the specific planning conditions. Finally,
the question of “best practices” is best seen as an evolving, rather than a static target.

The scale and scope of a full IRP means that there are many components that
individually can be designed from a “best practices” perspective. Also, as discussed
previously in this report, the integration of individual analyses requires its own “best
practice” review. And finally, all IRPs need to be designed and evaluated within the
policy and regulatory landscape of the utility, as well as the physical characteristics of
that specific electric grid.

Considering this context, Daymark concludes, in general, that Manitoba Hydro’s IRP is
largely consistent with best practices. We have provided significant feedback throughout
this report regarding the appropriateness of Manitoba Hydro’s approach, methods,
assumptions, and results, and have highlighted certain concerns and suggestions for
future improvements. While acknowledging these issues, we provide the following high-
level assessment:
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e Manitoba Hydro set appropriate planning objectives considering the policy,
planning, and market landscape (discussed in Section 2). The analysis was
structured to meet reliability and affordability goals while considering
appropriate planning constraints and risk considerations.

e The development of the load forecast and load projection scenarios
generally align with utility best-practices (discussed in Section 4). Manitoba
Hydro considered a broad range of drivers when developing scenarios, and
the integrated appropriate DSM considerations. While certain modifications
to the approach in developing individual projections could enhance their
understanding of individual drivers of risk, the overall approach provides
significant value to Manitoba Hydro, the PUB and stakeholders in terms of
understanding the magnitude of load risk in the coming years.

e The development of the Selectable Energy Efficiency measures that can be
evaluated side-by-side with supply-side measures reflects utility best
practices (discussed in Section 3). While certain improvements could
enhance the consideration of demand response, the DSM integration in this
IRP provides important insight for truly integrated resource planning.

e Manitoba Hydro developed a reasonable set of supply-side resource
options, and developed detailed modelling parameters for the capacity
expansion model to use in the optimization analysis (discussed in Section 5).

e The fully multi-phase modelling process and development of resource
portfolios (discussed in Section 7), reflects a detailed and thoughtful
methodology that incorporates reasonable consideration of key risks. Some
steps of this process (such as the least-regrets approach) are not universally
present in utility IRPs, and contribute to the overall planning process. The
final selection of the Recommended and Alternative Development Plans
used reasonable criteria.

e The development of an implementation plan with specific near-term actions
reflects a best practice across utility IRPs (discussed in Section 9).

In addition to the items discussed throughout the report, Daymark offers the following

observations:

1. Manitoba Hydro did not use its reference load forecast (the 2024 ELF) in
the initial scenario/sensitivity analysis, in which it used the three load
projections. Similarly, Manitoba Hydro did not use the 2024 ELF in the
final selection of the Recommended Development Plan, in which it used
the build-out target (which exceeds the 2024 ELF after 2030). Daymark
notes that this is an atypical approach in most IRP processes. Manitoba
Hydro documented the rationale for this approach as a risk-mitigation
measure, and provided sufficient documentation to show how the
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Recommended Development Plan compares to both the build-out target
and the 2024 ELF. However, Daymark offers the observation that the
vast majority of utility IRPs use the reference load forecast as the
foundation of the primary planning target.

2. Insome areas, Manitoba Hydro’s analytical methods and modelling
structure may be more complex or granular than necessary, which
imposes a significant burden on Manitoba Hydro staff and results in an
IRP process that takes nearly two years to complete. Further, this
process produces a very high volume of results and data, which requires
significant post-processing effort. Manitoba Hydro may be able to
reduce the modelling and analytical load by, for example, reducing the
number of scenario-Load Projection combinations, reducing the number
of inflow cases used for the production cost modelling, or streamlining
sensitivity runs. By focusing the analysis on the cases that provide the
greatest planning insight, it would allow Manitoba Hydro to refresh the
analysis more frequently and respond to changing load, policy, or
market conditions. This will provide benefits due to the planning
uncertainty discussed in the IRP.

3. Manitoba Hydro has provided extensive documentation of the IRP
assumptions, methods, and results in the IRP, significantly more than
many comparable utility IRPs. Even so, there may be some areas where
additional documentation could improve transparency regarding key
decision points. In particular, two areas stand out. First, at certain points
of the analysis (primarily focused in the least-regrets analysis), Manitoba
Hydro manually created portfolio build-outs for the early years of the
planning period. This manual process required the judgement and
expertise of Manitoba Hydro’s subject matter experts, which is not fully
documented in the IRP. Second, during the phases of development plan
evaluation (discussed in Section 7.9 of this report) and the risk analysis
of the short-listed plans (discussed in Section 7.10 of this report), there
are similar applications of judgement by Manitoba Hydro’s internal
experts. These represent critical steps in the determination of the
Recommended Development Plan, and additional documentation could
improve transparency of these processes.

11.3 Alignment with Manitoba Hydro Act
Subsection 38.1(1) of the Manitoba Hydro Act requires:

The corporation must prepare and submit to the minister in accordance with this

section and the regulations, for approval by the Lieutenant Governor in Council,
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an integrated resource plan that covers a planning period of at least 10 years
and includes the following:

(a) the corporation's load forecast for the planning period;

(b) the anticipated impact on load of the savings targets to be achieved
under an approved efficiency plan under The Efficiency Manitoba Act;

(c) supply-side options considered by the corporation and those it has chosen
or recommends for implementation;

(d) if the plan includes the development of a major new facility during the
planning period or within the next 10 years, a report on the status of any
review required by section 16 or 16.0.1 in relation to that development or
of any planning for such a review;

(e) any key assumptions relied on by the corporation in developing the plan;

(f) a description of the stakeholder consultations carried out by the
corporation in developing the plan;

(g) any other information the corporation considers relevant or is required
by regulation.

All these requirements are clearly articulated in the IRP and associated appendices, and
have been discussed in this report. The Recommended Development Plan includes the
development of a major new facility that requires review under section 16 of the

Manitoba Hydro Act, and Manitoba Hydro provided a status report in Appendix 10 to the
IRP.

Additionally, subsection 38.1(2) of the Manitoba Hydro Act requires:

The integrated resource plan must be developed in keeping with the purposes
and objects of this Act
(a) taking into account

(i) any relevant mandate letter or directive issued to the corporation
under The Crown Corporations Governance and Accountability Act,

(ii) any relevant regulations made or directives issued under The
Financial Administration Act,

(iii) the government's published energy and environmental policies, and
(iv) the socio-economic impacts of implementing the plan; and

(b) in accordance with sound principles of risk management and economic
and environmental sustainability.
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As discussed at multiple points in this report (notably Section 2 and Section 7.11), the
relevant mandate letter, regulations and policies of the province were considered by
Manitoba Hydro and emphasized in their initial conversations with Daymark. While both
Manitoba Hydro in their filing and Daymark in this report have identified opportunities
to “further the purposes and objectives” of the province’s goals, it is clear to Daymark
that Manitoba Hydro gave full consideration to its mandate to factor in the various (and

at times competing) requirements as articulated in the above documents.

210 Independent Expert Consultant Report: Manitoba Hydro’s 2025 Integrated Resource Plan



DAYMARK

ENERGY ADVISORS
APRIL 24, 2026

APPENDIX A - DAYMARK SCOPE OF WORK
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SCHEDULE — SCOPE OF WORK

Role of the Independent Expert Consultant

The role of the Independent Expert Consultant (“IEC”) is to provide an independent
professional assessment of Manitoba Hydro’s 2025 Integrated Resource Plan and assist
the Public Utilities Board (“Board”) and approved Interveners in assessing the plan. The
appointment of the IEC before the plan is finalized is intended to:

J provide Manitoba Hydro with an opportunity to take into consideration professional
recommendations of the IEC and incorporate them in the finalized plan if
appropriate; and

J shorten the process of obtaining an IEC report on the record if the Government of
Manitoba orders the Board to hold an IRP review hearing.

The IEC’s obligation is to provide an independent professional opinion even if that opinion
conflicts with that of Manitoba Hydro, the Government of Manitoba, or the Board. The IEC
is not to advocate on behalf of Manitoba Hydro or to negotiate with the Government of
Manitoba regarding the scope or content of the IRP.

The Board may revise the scope of the work of the IEC in writing based on the content of
the IRP, any terms of reference or directives issued by the Government of Manitoba, or
any regulations passed under subsection 38.1(8) of The Manitoba Hydro Act.

Scope of the Review

1. Are Manitoba Hydro’s planning objectives appropriate, unbiased, and reflect
industry best practices, both in terms of which objectives are included and how
those objectives are weighted?

2. Review and comment on Manitoba Hydro's estimates of demand for domestic
electrical energy and power, as well as natural gas, Manitoba Hydro’s existing
export obligations and any alternative demand scenarios. ldentify the most
important parameters and variables in the estimates. Comment on the
appropriateness of any baseline assumptions made by Manitoba Hydro and its
natural gas subsidiary, as well as the appropriateness of any planned
contingencies.

3. Review and comment on the increases and decreases in the demand for electrical
energy and power and natural gas that arise from switching from one fuel to the
other.

4. Are the supply-side and demand-side resource options to meet the anticipated

demand for electrical energy and power evaluated objectively, including fuel
switching between natural gas and electricity and incorporating low-carbon gases.
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Is the list of resource options sufficiently expansive or should other options be
considered as well?

5. To the extent that power purchase agreements form part of the IRP, are the
estimated prices for energy and capacity expected under such agreements
reasonable and appropriate and does the proposed procurement process follow
best practices? If executed power purchase agreements are submitted to the IEC
for review, comment on the process followed by Manitoba Hydro to competitively
determine or negotiate the terms and conditions, including prices, and whether the
process followed is expected to provide optimal pricing for this supply.

6. Are new rate structures, such as inclining block rates, time of use rates, etc.,
objectively evaluated and considered in identifying the recommended
development plan?

7. Review and comment on resources proposed by Manitoba Hydro to meet the
demand for electrical energy and power, including determining the most cost-
effective resource mix to meet those needs

(@) in the absence of policy constraints (i.e., a least-cost approach);
(b)  considering existing and anticipated legislative and policy constraints: and

(c)  considering the impacts of fuel switching between electricity and natural
gas, as well as any technical or policy constraints affecting the use of natural
gas.

Please comment separately on baseline resources selected by Manitoba Hydro
and any contingency scenarios that would result in additional energy or power
resources above the baseline resources projected under the plan.

8. Does the IRP adequately utilize Efficiency Manitoba's expertise to support the IRP,
through initiatives such as

(a) reducing the demand for electrical power;

(b)  increasing the demand-side initiatives designed to reduce the demand for
electrical energy or natural gas; or

(c) electrification through fuel switching from natural gas to electricity.

9. Does the IRP appropriately incorporate required transmission and distribution
investments?

10.  Are the timelines for implementing or commissioning the proposed resource
options realistic? Are there upcoming key milestone dates to implement such
projects?
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11.  If Manitoba Hydro includes estimates of the rate and bill impacts in the IRP, review
and comment on whether a different resource mix could result in lower rate and
bill impacts.

12.  Does the IRP follow
(a)  best practices for such plans as developed in other jurisdictions; and
(b)  the requirements set out in subsections 38.1(1) and (2) of The Manitoba

Hydro Act?

Deliverables

13. Provide a report to the Board that sets oul the IEC’s findings, opinions,
recommendations and non-commercially sensitive supporting information.

14.  Provide a non-public report to the Board that sets out the IEC’s findings, opinions
and recommendations on issues involving commercially sensitive information, if
any.

15.  Ifthe Board is requested to review Manitoba Hydro’s IRP under subsection 38.1(4)

of The Manitoba Hydro Act,

(@) file the report to be provided under section 13 on the public record of the
review;

(b) file the confidential report to be provided under section 14 in confidence as
part of the record of the review;

(c)  answer written information requests on the reports from Manitoba Hydro,
the Board, and approved interveners for the hearing;

(d)  make an oral presentation on the findings of your reports during the hearing;
and

(e) respond to oral questions from Manitoba Hydro, the Board, and approved
interveners during the hearing.

Report and Cross-Examination

16.

17.

18.

Provide a report to be placed on the public record that provides the Consultant’s
findings, opinions, recommendations, and non-commercially sensitive supporting
information.

Provide a non-public report to the PUB that provides commercially sensitive
information and additional calculations supporting the findings.

Respond to written information requests on the contents of the report.
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19. Respond to oral questioning from Manitoba Hydro, Intervener, and Public Utilities
Board counsels during a public hearing of the general rate application.
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