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Part and Appendix 7.1 Page
Chapter: #:

Topic: Modelling approach

Subtopic Input assumptions and other modelling details

PREAMBLE:
QUESTION:
a) Page 5 (Electrical Sub-Transmission & Distribution Costs) states as follows:

i. “Distributed Generation is not considered in the study.” Please explain this and
discuss how this impacts an analysis of DG as an alternative to other resource
options.

ii. “Cost estimates do not consider the time value of money, such as interest,
discount rate, and escalation.” Please explain this and describe how it will
impact a comparison of resources.

b) Page 7 & 8 (2.2. Natural Gas Supply and Infrastructure Planning Considerations)
state as follows:

i. “2-Medium load projection: Assumptions impacting natural gas demand in this
load projection would result in new natural gas infrastructure to support
customer growth in the first 10 years.” Please provide a table comparing the
natural gas infrastructure costs between the different load projections. A high-
level order-of-magnitude comparison is sufficient.

ii.  “While capital investments may be required to support natural gas distribution
infrastructure under the 1-Baseline load projection and 2-Medium load
projections, these specific costs were not included in the 2025 IRP analysis.”
Why were these excluded?

c) Page 16 states: “The cost of purchasing biomethane credits is assumed to be
covered by the modelled fuel cost, which is conservatively priced at a constant
$40/ MMBTU CANS$.” Please provide a copy of all other sources reviewed by
Manitoba Hydro to estimate biomethane costs. Please express this cost in
$/MMBTU. Please provide the conversion rate between m3 and MMBTU and
between $/m3 and $/MMBTU.
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Page 17 states: “Within the capacity expansion optimization model, future energy
efficiency savings are represented as a set-profile generator.” The same approach
is used for demand response. Please provide further detail on what this means,
including what a “set-profile generator” is.

To help us understand the reference in (d) and other aspects of the model, please
provide a copy of the PSR user guide (or equivalent documentation).

What other modelling software did Manitoba Hydro consider using other than PSR.
Please provide a table comparing the pros and cons of the modelling software
considered.

Did Manitoba Hydro consider using ESMIA’s modelling software in order to model
gas planning and electricity planning considerations in an integrated way? For
details on the ESMIA model, see:

The June 2024 Canadian Climate Institute study on the most cost-effective
pathways to decarbonize buildings (link). Note that Manitoba Hydro cites this
Canadian Climate Institute report in Appendix 5, page 33 of 64.

ii) See also Cost Effective Energy Pathways Study for Ontario (link)

When does Maniotba Hydro expect to prepare its next IRP? Will Manitoba Hydro
consider using a different modelling software that can optimize both electricity and
gas planning processes (e.g. endogenously optimize and consider the trade-offs
between electric and gas decarbonization measures)?

Seeing as gas planning considerations were exogenous to the model, will
Manitoba Hydro be separately conducting an study to examine the most cost-
effective method to decarbonize existing gas uses? If not, why not? If yes, when?

Are incremental (i) gas and (ii) electricity transmission and distribution costs
accounted for in the model with respect to gas plants?

Page 22 states: “This wind generation is modelled with a constant annual pattern
that varies from month to month but with no variation between blocks within a
month, based on historical generation.” To help us understand this, please provide
the underlying spreadsheet of data.

Please provide the set-profile data for wind referred to on page 25.
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m) Page 26 states: seems to suggest that the earliest in-service date for any wind

n)

o)

P)

power incremental to the 600 MW mandated by the Government of Manitoba is
2032. Why was this assumed? If this possible in-service date were to be moved to
2029, it that likely to have impacted the IRP outcome?

The variability and uncertainty of wind generation is not represented in the model.

Page 34 discusses electrolyzer details. Does Manitoba Hydro agree that
electrolyzer capital costs are expected to decline over time? Does the model
account for an expected decline in these costs over time? Is it capable of doing
so0?

Page 44 lists the modelled selectable energy efficiency resource options. Please
provide all the input assumptions for each of these.

RATIONALE FOR QUESTION:

Among other things, these questions explore and clarify the modelling approach.

RESPONSE:

a)

i) The scope of the 2025 IRP does not include specific community or regional
needs and solutions. As such, Distributed Generation was not evaluated as a
resource option in the capacity expansion planning model. Note that the comment
referenced applies to assumptions underlying the estimation of marginal electrical
sub-transmission and distribution costs applied to incremental growth in peak
demand in the load projections.

i) The comment referenced applies to assumptions underlying the estimation of
marginal electrical sub-transmission and distribution costs applied to incremental
growth in peak demand in the load projections. It is not relevant to a comparison
of resources within the capacity expansion planning model. The model does
account for a discount rate and changing future costs when considering resource
option investment costs.

i & ii) Centra’s gas distribution systems are mostly discreet, single-feed systems.
The level of investment required in the natural gas distribution system would be
highly dependent on load location and magnitude.

If customer connections are concentrated on a specific gas system, transmission
and distribution upgrades may be needed. If customer connections are spread
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over multiple gas systems, less expensive distribution upgrades may be sufficient.
For systems where the largest load centers are far away from Centra’s gas source,
the TCPL Mainline, there are larger capital costs to increase the capacity of the
transmission pipeline. As such, these specific costs were not included in the 2025
IRP.

Please see Manitoba Hydro's response to MEED/MH 1-30b for detail on the
assumed cost of biomethane, including an estimate of the cost per cubic metre.
Please see Manitoba Hydro’s response to CC/MH [-21c for justification for the
$40/MMBTU biomethane price assumption. This assumption was based on the
cost Environment and Climate Change Canada was assuming for NextGrid in
December 2022. Please see Attachment 5 for the document titled “Written
Response to Questions Posed During the Modelling Webinars”.

Set-profile generators are a resource type within the model whose generation is
deterministically defined in every block, in every month, and in every year of the
study. Generation for these types of units is not optimized by the model. For the
Efficiency Manitoba Efficiency Plan Projection, a set-profile generator is configured
in the model to replicate the energy savings projected (within the 21-block
framework). For demand response, the ability to specify negative energy
generation using a set-profile generator allows for energy shifting associated with
demand response to be captured. Using set-profile generators to model Efficiency
Manitoba’s Efficiency Plan Projection and Demand Response allows them to be
evaluated as resources within the model.

Documentation for PSR’s models is provided in Attachment 1 to this response. The
attached manuals are specific to the model versions used during the 2025 IRP
analysis. A user guide and a methodology manual for both the OptGen (capacity
expansion planning) and SDDP (production costing) software are included.

Manitoba Hydro does not publicly provide detailed information from a competitive
RFP process as it involves pricing and other sensitive vendor information. The
following is a description of the process that resulted in the selection of the PSR
software.

Preliminary investigation of potential production costing and capacity expansion
model options was undertaken in 2015 and commercial off-the-shelf technologies
were identified and shortlisted. Eight commercial models were identified and the
initial work led to a formal Request For Information (RFI) being released in June
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2017 for both expansion planning and production costing model capabilities as well
as a data management system to address resource planning modeling
requirements. The RFI results indicated a potential solution from more than one
vendor.

A Request For Proposals (RFP) was issued from November 13, 2017 to December
20, 2017. Three vendors responded. An evaluation committee conducted a
thorough review of the RFP proposals. All three respondents passed the Stage 1
Pass/Fail requirements and were evaluated further through Stage 2 written Form
of Proposal responses, pre-recorded responses demonstrating software’s ability
to meet technical requirements, and full day interactive demonstrations.

The emphasis on demonstration was necessary due to the complexity of verifying
and evaluating technical requirements. The vendors answered questions about
the processes and experience from similar projects. Further, vendor conference
calls were held on the Implementation Plans and IT requirements. Three of the
references provided were checked for each vendor. Reference to publicly
available documentation was also reviewed.

The evaluation committee shortlisted two vendors and held conference calls with
each one to confirm their solution’s capability and approach to specific technical
requirements from the RFP.

The evaluation committee selected PSR based on their overall score in a set of
predetermined criteria including functional capability of the software,
implementation plan and price, rather than a set of pros and cons.

No, Manitoba Hydro did not consider using ESMIA’s modelling software for
integrated gas and electrical planning. Manitoba Hydro leveraged the modelling
software already in place within the corporation, including established data, model
software and hardware configurations, and expertise to ensure the 2025 IRP could
be completed. Integration between electrical and gas planning was accomplished
through coordination of input to the capacity expansion modelling and collaborative
participation through the IRP process.

Manitoba Hydro is expecting to prepare its next IRP in the next three to five years
although it will continue to monitor signposts for leading indicators as guidance
and to determine the exact timing based on necessity.
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Manitoba Hydro continually conducts energy planning activities and monitors the
signposts outlined in the road map of the IRP to understand the energy transition
happening both within, and outside of the province. These provide leading
indicators that help us monitor risks related to implementing the development plan,
inform IRP analysis work, and they also signal when Manitoba Hydro should
consider starting its next IRP.

Anticipating that the IRP will have to be updated within the next 5 years was a
consideration when setting the time frame for near-term actions. Manitoba Hydro
plans to “Continue to improve and optimize our integrated resource planning
processes“ (Near Term Action 10) which is expected to better integrate
transmission, distribution, and natural gas system planning into the IRP process
by continuing to align on planning assumptions, inputs and constraints, and
analysis criteria. Reviewing and updating these will occur through various study
findings outlined other Theme 2: Preparing for the next IRP and continue ongoing
planning near-term actions.

While Manitoba Hydro has, and will continue to, study the impact of reductions in
natural gas use in the province, Manitoba Hydro has no immediate plans to study
the elimination of existing natural gas use from Manitoba's economy (i.e., fully
decarbonize existing gas uses). The 2025 IRP analysis strongly indicates that the
elimination of natural gas from Manitoba’s economy by 2050 would be problematic
in terms of both electrical system reliability and cost, and therefore likely not the
most effective approach to achieve a net-zero economy. However, NTA 10:
Continue to improve and optimize our integrated resource planning processes,
commits to maturing Manitoba Hydro’s integrated planning process so that future
decisions will be made with a better understanding of how to co-optimize natural
gas and electric assets across Manitoba Hydro.

NTA 10 will, in part, build on 2025 IRP analysis, as outlined in the response to
MEED/MH-I-9 c, where Manitoba Hydro explored the energy-effectiveness of
reducing natural gas use via various net-zero heating options (please see Table
A5.6), with a focus on minimizing impacts on peak electrical demand, which
represents a more viable way to support a net-zero economy. Also, Manitoba
Hydro evaluated the cost-effectiveness and viability of various options to reduce
provincial electricity generation natural gas use within the 2025 IRP and will
continue to do so within NTA Nine: Explore alternative fuels, credits, and Manitoba-
based offsets to combustion turbine GHG emissions and further investigate the
direct use (blending or full replacement) of alternative fuels, such as hydrogen.
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It is preferable that any economy-wide study of reducing fossil fuel use not be
limited to a specific sector or fossil fuel; fossil fuel reduction options perform
differently in terms of both energy- and cost-effectiveness, and comparison
between options/pathways will be integral to optimal decision making. As an
example, and as outlined in Section 5.4 in Appendix 5, in terms of reducing fossil
fuel use in Manitoba as a whole, on a per-tonne CO,e reduced basis, in Manitoba,
electrifying residential space heating increases annual peak demand by 10 to 17
times more than electrifying residential transportation.

Yes. As described in Appendix 7.1 section 7.5 and 7.6, the cost for natural gas fuel
is an input to the model and final fuel costs are based on the dispatch of natural-
gas-fueled CTs as determined by the production costing model's system
optimization. Natural gas transportation costs are added during post-processing of
model results. Generator electrical interconnection transmission capital costs and
natural gas pipeline capital cost estimates are prepared for each natural gas fueled
CT resource option and are considered in the capacity expansion planning model.

The pattern of wind generation profile data being described is illustrated by the
table data provided in response to part ).

The generation profile for new wind generators referred to on page 25 of Appendix
7.1 is provided below. Note that data is provided for one year only, as the same
data is repeated for each year in the model. Values are utilization factors [%] that
are applied to the installed wind capacity.

Block Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1 052 043 045 044 044 034 028 029 042 048 048 042
2 052 043 045 044 044 034 028 029 042 048 048 042
3 052 043 045 044 044 034 028 029 042 048 048 042
4 052 043 045 044 044 034 028 029 042 048 048 042
5 052 043 045 044 044 034 028 029 042 048 048 042
6 052 043 045 044 044 034 028 029 042 048 048 042
7 052 043 045 044 044 034 028 029 042 048 048 042
8 052 043 045 044 044 034 028 029 042 048 048 042
9 052 043 045 044 044 034 028 029 042 048 048 042
10 052 043 045 044 044 034 028 029 042 048 048 042

11 054 050 051 052 046 036 035 034 048 049 0.53 046
12 054 050 051 052 046 036 035 034 048 049 0.53 046
13 052 043 045 044 044 034 028 029 042 048 048 042

April 22, 2026 Page 7 of 9



A\Manitoba Integrated Resource Plan and Major New Facilities Review
Hydro

energy for life MEED/MH I-22a-p (U)

Block Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

14 052 043 045 044 044 034 028 029 042 048 048 042
15 054 050 051 052 046 036 035 034 048 049 053 046
16 054 050 051 052 046 036 035 034 048 049 053 046
17 054 050 051 052 046 036 035 034 048 049 053 046
18 054 050 051 052 046 036 035 034 048 049 053 046
19 054 050 051 052 046 036 035 034 048 049 053 046
20 054 050 051 052 046 036 035 034 048 049 053 046
21 054 050 051 052 046 036 035 034 048 049 053 046

m) Inputs to the IRP were developed in 2024 based on the information available at

P)

that time. The modelling assumptions are meant to be representative of typical
industry trends. The earliest in-service date for new wind generation of 2032
represents the typical amount of time to progress from project inception through to
commercial operation date. Advancing the date earlier would not be representative
of the amount of time expected to be required to develop new wind generation, so
the IRP did not include analysis of advancing the in-service date of additional wind.
The impact of advancing additional wind would require additional analysis.
However, broadly speaking, changing the earliest in-service date of additional wind
to 2029 would likely have minimal to no impact in most scenarios. This is because
the primary driver for resource need between 2029 and 2032 is capacity, while
wind is primarily selected for energy.

No question has been asked.

The hydrogen combustion turbine resource option in Appendix 6 was developed
as a high-level concept that established cost estimates for both the generation and
fuel supply for a non-emitting capacity resource. When the concept was
developed, it did not consider potential future cost reductions for the electrolyzer
component. While future forecasts of electrolyzer costs show long term cost
reductions, they are uncertain and are dependent upon a significant expansion of
a currently nascent industry with a large-scale deployment of electrolyzers.
Manitoba Hydro monitors cost forecasts and will incorporate updates in future
studies as costs evolve.

Please see the following attachments:
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e Attachment 2 provides the modelling assumptions for additional energy
efficiency for Load Projection 1.

e Attachment 3 provides the modelling assumptions for additional energy
efficiency for Load Projection 2.

e Attachment 4 provides the modelling assumptions for additional energy
efficiency for Load Projection 3.

Manitoba Hydro has separately provided the requested information in Excel format
to the PUB and Registered Interveners.

With exception of the electric thermal storage (ETS) options, the 2022 market
potential study by Dunsky Energy + Climate for Efficiency Manitoba is the basis for
model assumptions. The 2022 market potential study is provided in Efficiency
Manitoba Information Package 2 Attachment 3.

Efficiency Manitoba Attachment 4 provides the market potential energy savings for
additional energy efficiency.

PUB-MH 89 Attachment 2 provides the summer and winter firm capacity savings
market potential for each year.
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