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I. Introduction 
 

A. Scope of Report 

La Capra Associates (LCA) has prepared this Technical Appendix to address six 
elements of our Needs For and Alternatives To (NFAT) Scope of Work (LCA SOW) and 
support other elements of our work that rely on the materials in this report.  The 
specific LCA SOW elements addressed here are: 

 Power Resource Planning and Economic Evaluation 

2. Assess whether Manitoba Hydro’s approach to comparing generation sequences follows 
sound industry practice; and 

6. Develop power resource plans and alternatives, including identifying other scenarios that 
could  potentially compete  on  an  economic  basis  with  Manitoba  Hydro's  Preferred 
Development Plan; and 

10.  Examine the No New Generation scenario and the potential for extended use of imports 
to meet Manitoba Hydro's domestic load requirements; and 

13.  Assess the maximum deferral prospects for Keeyask G.S. and/or Conawapa G.S.; and 
 

Business Case and Risk Assessment 

1. Analyse the financial and economic risks of the  Preferred Development Plan  and export 
contracts  and  export  opportunity  revenues  in  relationship  to  alternative  
development strategies; and 

5. Examine and evaluate the treatment of risk in Manitoba Hydro’s development of Power 
Resource Plans and resource scenario models. Incorporate expert opinions on flood and 
drought risks and optimal strategy. 

 

The Manitoba Hydro (MH) NFAT process determined the timing of need for new 
resources, examined potential resource options available, created development plans 
which would fulfill the resource need, and performed comparative economic and 
financial analysis on those proposed plans to determine the preferred option. 

 

The specific focus of this Technical Appendix is to review and critique Manitoba 
Hydro’s screening of resource options and creation of the alternative development 
plans.  This report also discusses potential plans that were not initially evaluated by 
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Manitoba Hydro.  Technical Appendix 1: Resource Planning reviews the resource 
planning criteria and resource needs analysis. 

 

B. Pending supplemental filing 
Early in La Capra Associates’ review of MH’s development plan process we determined 
that the portfolio of plans developed by MH did not cover the full spectrum of resource 
planning options.  La Capra Associates developed multiple alternative development 
plans that would provide additional analysis and a wider scope of options for resource 
planning. 
 
La Capra Associates communicated with Manitoba Hydro regarding these additional 
alternative plans and MH agreed to perform the modeling and economic analysis on 
two additional plans.  These plans are discussed in Section VI A.  Manitoba Hydro has 
only recently provided the results of this analysis and modeling.  La Capra Associates is 
currently in the process of reviewing the results and will be filing a supplement to this 
Technical Appendix to provide our analysis of these alternative plans.  
 

C. La Capra Associates’ approach to evaluating Manitoba Hydro’s plan 
development 

Our approach to evaluating MH’s resource option screening and creation of the 
development plans included the following: 

1) LCA reviewed materials relevant to this assessment, including: 

• The information contained in the NFAT submission pertaining to resource 
needs assessment, resource option screening, and MH’s creation of the 
alternative development plans; 

• MH’s responses to Information Requests and information provided to LCA in 
lieu of responses to IRs; and 

• Publically available information regarding technology cost assumptions. 

2) LCA held discussions with MH personnel to discuss needs assessment analysis, 
generation cost assumptions, and resource plan development. 
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3) LCA conducted independent analysis on to MH’s cost assumptions regarding 
wind generation and the impact on the economic analysis results of changing 
these cost assumptions. 

 
The following review and analysis is the product of this approach. 
 

II. Overview of Manitoba Hydro’s Plan Development 
 
The NFAT Application under evaluation includes analysis in support of the requested 
approvals from Manitoba Hydro’s resource planning process.  The process consists of a 
series of stages to identify resource need, evaluate potential resources to fulfill the need, 
develop discrete potential alternative plans, and perform comparative analysis on the 
alternative plans. 
 
This section of the appendix provides an overview of each of the various stages 
contributing to the creation of the development plans. 

A. Resource needs analysis 
The first stage of Manitoba Hydro’s process is the resource needs analysis, which 
compares the forecasted peak and annual energy demand with resource supply 
available to Manitoba Hydro.  The purpose of this process is to determine when 
additional capacity and energy resources are required. 
 
Manitoba Hydro completes this analysis on an annual basis as part of its Power 
Resource Plan and has included an updated analysis in Chapter 4 of the NFAT.  The 
analysis concludes that Manitoba Hydro will need new dependable energy resources in 
2022/23 and new capacity resources in 2025/26.1 
 
MH’s resource needs analysis is discussed and critiqued in detail in Technical 
Appendix 1: Resource Planning. 
 

1 NFAT Submission, Chapter 4, pp. 46-50. 
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B. Resource technology screening 
Once the need for new resources has been established, MH evaluates generation 
technologies available to address the need.  The NFAT analysis includes a “high-level” 
evaluation of 16 resource technologies across 15 resource characteristics in order to 
screen out technologies that are not suitable for further evaluation.2 
 
MH screened the following resource technologies:3 

1. Additional demand-side management (DSM) 
2. Hydro with storage 
3. Run of River Hydro 
4. On-Shore wind 
5. In-Lake Wind 
6. Solar photovoltaic (PV) 
7. Solar Thermal 
8. Enhanced Geothermal 
9. Simple Cycle Gas Turbine (SCGT) 
10. Combined Cycle Gas Turbine (CCGT) 
11. Conventional Coal 
12. Coal - Integrated Gasification Combined Cycle (IGCC) 
13. Nuclear 
14. Biomass: Crop Residue 
15. Biomass: Wood based fuel 
16. Imports 

 
The technologies were screened on the following 15 characteristics, grouped into four 
categories:4 

o Technical (Section 7.1.1.1) 
• Maturity of Technology 
• Technical Challenges in Manitoba 
• Ease of Integration into System 
• Intermittency 

2 NFAT Submission, Chapter 7, p. 1. 
3 NFAT Submission, Chapter 7, Table 7.1, p. 3. 
4 Id. pp. 4-11. 
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• Seasonality 
o Environmental (Section 7.1.1.2) 

6. Water Quality Impacts 
7. Hazardous Air Pollutants 
8. Greenhouse Gas Emissions (over life cycle) 
9. Land Use Impacts 
10. Wildlife Species of Interest 

o Social/Policy (Section 7.1.1.3) 
11. Proximity to Load Center 
12. Regulatory Constraints 
13. Social Acceptability 

o Economic (Section 7.1.1.4) 
14. Manitoba Delivered Fuel Costs 
15. Forecast USA Unit Costs ($/MWh) 

 
Each technology was evaluated on each characteristic and given a categorization - red, 
yellow, or green.  Some resource characteristics were scored qualitatively (e.g. land use 
impacts, regulatory constraints, etc.) and other were characterized quantitatively (e.g. 
proximity to load, unit costs, etc.).5 Resources receiving a red rating on any 
characteristic were screened out. 
 
Of the 16 technologies evaluated, seven passed the initial analysis.  The remaining 
technologies were screened out for various reasons.  Figure 3-1 presents the results of 
the resource technology screening process. 
 

5 NFAT Submission, Chapter 7, pp. 4-11. 
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Technology Result Reason for failure 
Additional DSM Passed  
Hydro with storage Passed  
Run of River Hydro Passed  
On-Shore wind Passed  
In-Lake Wind Failed High unit costs, lack of experience 
Solar PV Failed High unit cost, intermittency 
Solar Thermal Failed High unit cost 
Enhanced Geothermal Failed Low grade resource 
Simple Cycle GT Passed  
Combined Cycle GT Passed  
Conventional Coal Failed Regulatory constraints, public opinion 
IGCC Failed Low maturity, regulatory constraints 
Nuclear Failed Difficult to integrate, complex regulations, public opinion 
Biomass: Crop Residue Failed High collection and transportation costs 
Biomass: Wood based fuel Failed High collection and transportation costs 
Imports Passed  

Figure 3-1: Results of resource technology screening 

 

Summary of Resource Technology Screening 
The resource technology screening process provides a high-level review of the 
suitability of the various resources for development to meet Manitoba’s energy and 
capacity needs.  Based on this review, MH selected seven of fifteen potential 
technologies for further consideration in the next planning step, the resource option 
screening process. 
 
The assumptions used by MH in this process are also discussed in Technical Appendix 
2: Generation Alternatives. 

C. Resource option screening 
The seven technologies that passed the initial screening were evaluated further by MH 
in the “resource option screening” process in order to determine the specific unit 
configurations that will be incorporated into the alternative development plans.  The 
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purpose of this process is “the selection of specific resource options from each of the 
resource technologies” that passed the technology screening process.6 
 
The following sections review MH’s assessment of each resource option. 

Additional DSM 

MH’s further consideration of DSM resources is based on its “continued long-term 
commitment to pursuing all cost-effective energy efficiency opportunities and to 
continually monitoring the market for emerging trends and opportunities which may 
become economically viable.”7 
 
Manitoba Hydro recently contracted for a DSM potential study which found that there 
is considerably more DSM potential than MH currently includes in its Power Smart 
Plan.  The study was not available in time for the NFAT analysis, but MH performed a 
sensitivity analysis incorporating additional DSM.8  MH is currently conducting 
alternative development case analysis with DSM estimates derived from this potential 
study and has indicated its intent to complete those studies (economic and financial 
analysis) in February and introduce those results in this NFAT proceeding at that time. 
 
This DSM sensitivity case is also discussed in Technical Appendix 1: Resource Planning. 
 
MH concludes the resource option screening of DSM by noting that DSM relies on 
program participation and does not “carry the same degree of certainty that a 
generation resource provides.”9 
 
Unlike the generation options described below, MH did not develop specific 
parameters for including additional DSM in the alternative development plans.  Despite 
the fact that it passed the technology screening process, no potential plans were 
developed with DSM.  This issue will be discussed further in the alternative 
development plan critique section below. 
 

6 NFAT Submission, Chapter 7, p. 20. 
7 Id., pp. 20-21. 
8 Id., pp. 21-22. 
9 Id., p. 23. 
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Elenchus Research Associates has also reviewed MH’s DSM assumptions and potential 
studies in its report NFAT Review: A Review of Manitoba Hydro’s Demand Side Management 
Plan, filed with the PUB. 
 

Hydro 

The hydro portion of the resource option screening stage involves the evaluation of 
total hydro potential and the identification of the projects that are most suitable for 
development.10  Overall, MH has identified 8,200 MW of additional hydro potential 
remaining in the province.  Due to various agreements and regulations11, there are 
twelve projects representing 4,700 MW available for development.  Of these twelve 
projects, MH’s assessment concludes that only two are at a development stage where 
they could be ready in the 2022/23 time frame.12 
 
Keeyask is the most economic project on a levelized cost of energy (LCOE) basis at 
$60/MWh and has a lead time of seven years.  Conawapa is next with an LCOE of 
$67/MWh and lead time of 13 years.13  Due to the fact that the other projects have 
higher estimated levelized costs and longer development timelines, Keeyask and 
Conawapa were included as resource options for incorporation into the alternative 
development plans. 
 
Of the ten hydro projects not selected, the Notigi project is furthest into the 
development process, with a listed lead time of ten years and an LCOE of $88/MWh.  
This project was not selected because it is small and the lead time would likely be 
longer than listed because the feasibility studies are of an older vintage – suspended in 
2002.14 
 

10 NFAT Submission, Chapter 7, pp. 23-28. 
11 These agreements include the Treaty Land Entitlement Framework Agreement and the Canadian 

Heritage Rivers System, which are discussed in the NFAT Submission in footnote #3 in Chapter 2 
and Chapter 7, p. 23. 

12 NFAT Submission, Chapter 7, p. 24. 
13 Id., p. 26.  The LCOE figures for Keeyask and Conawapa are net of all sunk costs prior to June 2014, so 

they are not inclusive of the full capital costs of the project. 
14 NFAT Submission, Chapter 7, pp. 27-28. 
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Natural gas resources 
MH identified gas generation as a suitable resource technology.  The resource options 
screening analysis considered three types of gas units: simple cycle gas turbine (SCGT), 
combined cycle gas turbine (CCGT), and aeroderivative simple cycle gas turbine.  The 
resource screening concluded with the following evaluation of the specific generator 
options:15 
 

• Heavy duty SCGT:  Suitable for large increments of new capacity (>200MW) 
and infrequent operation (<20% capacity factor).  SCGT’s have short lead 
times of 3-5 years.  MH evaluated a configuration featuring a 209 MW GE 
7FA unit with a heat rate of 9,906 btu/kWh. 

• Heavy duty CCGT: Suitable for large increments of new capacity (>200MW) 
and more frequent operation (>40% capacity factor).  Compared to SCGTs, 
CCGTs have higher upfront capital costs but lower operational costs.  Like 
SCGTs, the CCGT also has a short lead time of 3-5 years.  MH evaluated a 
configuration consisting of a 308 MW GE 7FA unit with a heat rate of 6,652 
btu/kWh. 

• Aeroderivative CCGT:  Most suitable for small capacity increments and 
infrequent operation, the aeroderivative units have the shortest lead time (3 
years) but the highest capital and operational costs.  MH evaluated a 47 MW 
GE LM6000PH with a heat rate of 9,475 btu/kWh. 

 
The NFAT has provided no discussion of any other specific generators considered by 
MH as part of the resource options screening process.  The Knight Piésold Independent 
Expert Consultant Report (“KP Report”) explains that MH contracted for a study by 
Gryphon International Engineering Services, Inc. to review natural gas generation 
options and estimate capital and O&M costs.16 
 
The configurations discussed above were chosen for inclusion in the alternative 
development plans. 
 

15 Id., pp. 28-31. 
16 Knight Piésold Independent Expert Consultant Report, pp. 51-55. 
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Wind resources 
Wind generation passed the initial technology screening process as an approved 
resource.  As part of the resource option screening process, MH evaluated the potential 
for wind development to fulfill generation need.  Southern Manitoba is suitable for 
several thousand MWs of wind farm development, which can be installed in a modular 
fashion to match resource need.17 
 
In MH’s analysis, wind generation is assumed to have zero winter peak capacity due to 
its intermittent nature and that generators are not reliable at temperatures below -30C, 
which are the temps that produce the winter peak.18  Therefore wind projects address 
energy needs only. 
 
For the purposes of resource planning, MH assumed a wind project configuration of 65 
MW with a 40% capacity factor.  MH also assumed that the “dependable” portion of the 
energy generated by a wind project is 85% of the total generation.  This total provides 
enough dependable energy to cover approximately one year of load growth on the MH 
system.  MH assumed that the wind project would be owned and operated by MH, 
rather than a third party. 19 
 

Imports 
The final resource that passed the resource technology screening is imports.  MH notes 
that imports are an option for either energy or capacity, subject to the limits placed on 
import energy by the planning criteria.20  MH several options to take advantage of 
economical import opportunities, including seasonal diversity agreements in which the 
winter-peaking MH and summer-peaking United States (US) Midcontinent 
Independent System Operator (MISO) systems agree to supply capacity to each other 
during each system’s season of surplus.21 
 
As with the treatment of DSM as a resource option (discussed above), MH did not 
specifically develop a configuration of import energy to be used in the development 

17 NFAT Submission, Chapter 7, p. 31. 
18 Id., pp. 31-32.  See also NFAT Submission, Appendix 7.4. 
19 Id., pp. 32-33. 
20 NFAT Submission, Chapter 7, p. 34. 
21 Id., pp. 34-35. 
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plans.  Instead, the NFAT submission discusses the qualitative considerations on the 
use of imports and the limitations codified in the resource planning criteria.22 
 

Summary of resource option screening 
MH’s resource option screening process is a continuation of the resource technology 
screening whereby more specific resource configurations were established for inclusion 
as resources in the development plans.  At the conclusion of this process, MH had 
identified two possible hydro options (Keeyask and Conawapa), three possible gas 
generators (CCGT, SCGT, and aeroderivative SCGT), and a generic wind development 
option.  Specific configurations were not developed for the DSM or import resource 
options. 
 

D. Alternative plan development 
The next stage of the resource planning process is the creation of the development 
plans.  According to MH, “once the initial timing of the need for new resources has 
been determined, development plans are identified using a number of combinations of 
new generation options and export opportunities available to [MH].”23 
 
Using different configurations and timing of the resource options that passed the initial 
screening, MH created multiple plans that meet the energy and capacity requirements.  
In addition to generation resources, the alternate development plans vary depending on 
the additional transmission capacity assumed in each.24 
 
During this stage of the process, 15 plans were developed.  Five plans include 750 MW 
of additional import/export capability with the US, three plans include 250 MW of 
export and 50 MW of import capability with the US, and seven plans fulfill MH’s needs 
with no new US interconnection.  Figure 3-2 below summarizes the development plans 
created by MH. 
  

22 This issue is discussed in further detail in Technical Appendix 1: Resource Planning. 
23 LCA/MH I-331. 
24 NFAT Submission, Chapter 8, p. 1. 
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Plan Number Development Plan 
Short Name 

Description of Development Plan 

1 All Gas  Natural Gas-Fired Generation starting in 2022/23 
2 K22/Gas Keeyask 2022/23, Natural Gas-Fired Generation starting in 2029/30 
3 Wind/Gas Wind  Generation  starting  in  2022/23  supported  by  Natural  Gas-Fired 

Generation starting in 2025/26 
4 K19/Gas24/250MW Keeyask  2019/20,  Natural  Gas-Fired  Generation  starting  in  2024/25,  

250 MW Export/50 MW Import US Interconnection 2020/21, 250 MW MP 
Sale 

5 K19/Gas25/750MW 
(WPS Sale & Inv) 

Keeyask  2019/20,  Natural  Gas-Fired  Generation  starting  in  2025/26,  
750 MW  Import/Export  US  Interconnection  2020/21,  250  MW  MP  Sale, 
Proposed 300 MW WPS Sale 

6 K19/Gas31/750MW Keeyask  2019/20,  Imports,  Natural  Gas-Fired  Generation  starting  in 
2031/32,  750  MW  Import/Export  US  Interconnection  2020/21,  250  MW 
MP Sale 

7 SCGT/C26 Simple  Cycle  Gas  Turbine  in  2022/23,  Conawapa  2026/27,  Natural  
Gas Fired Generation starting in 2038/39 

8 CCGT/C26 Combined Cycle Gas Turbine  in 2022/23, Conawapa 2026/27, Natural Gas 
Fired Generation starting in 2039/40 

9 Wind/C26 Wind  in  2022/23,  Conawapa  2026/27,  Natural  Gas-Fired  Generation 
starting in 2036/37 

10 K22/C29 Keeyask  2022/23,  Conawapa  2029/30,  Natural  Gas-Fired  Generation 
starting in 2040/41 

11 K19/C31/250MW Keeyask  2019/20,  Natural  Gas-Fired  Generation  starting  in  2024/25, 
Conawapa  2031/32,  250  MW  Export/50  MW  Import  US  Interconnection 
2020/21, 250 MW MP Sale 

12 K19/C31/750MW Keeyask  2019/20,  Imports,  Conawapa  2031/32,  Natural  Gas-Fired 
Generation  starting  in  2041/42,  750  MW  Import/Export  US 
Interconnection 2020/21, 250 MW MP Sale 

13  K19/C25/250MW Keeyask  2019/20,  Conawapa  2025/26,  Natural  Gas-Fired  Generation 
starting  in  2040/41,  250  MW  Export/50  MW  Import  US  Interconnection 
2020/21, 250 MW MP Sale 

14 
Preferred Plan 

K19/C25/750MW 
(WPS Sale & Inv) 
 

Keeyask  2019/20,  Conawapa  2025/26,  Natural  Gas-Fired  Generation 
starting in 2041/42, 750 MW Import/Export  US Interconnection 2020/21, 
250 MW MP Sale, Proposed 300 MW WPS Sale 

15 K19/C25/750MW Keeyask 2019/20, Conawapa 2025/26, Natural Gas-Fired Generation 
starting in 2041/42, 750 MW Import/Export US  Interconnection 2020/21, 
250 MW MP Sale 

Figure 3-2: MH’s potential development plans25 

 

25 NFAT Submission, Chapter 9, Table 9.3, p. 12 
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These 15 development plans were evaluated based on the economic and financial 
analytical framework described in the NFAT Submission, Chapters 9-12.  These 
economic and financial analyses are evaluated fully in Technical Appendix 9: Economic 
Analysis, and Technical Appendix 10: Financial Analysis. 
 

III. Critique of Manitoba Hydro’s Resource Needs Analysis 
 
La Capra Associates has reviewed and critiqued MH’s resource needs analysis.  Our 
evaluation and conclusions are discussed extensively in Technical Appendix 1: 
Resource Planning. 
 
Overall, we conclude that MH’s resource needs analysis is overly conservative, and that 
MH’s identified timing of energy and capacity need are likely sooner than the actual 
need will develop.  In addition, our assessment concludes that in the near term there are 
alternative options to address the eventual resource need other than large hydro 
development that could further delay the large investments necessary for the Preferred 
Development Plan. 
 

IV. Critique of Manitoba Hydro’s Resource Technology 
Screening 

 
Manitoba Hydro’s resource screening process is accomplished in two steps – resource 
technology screening and resource option screening.  The distinction between the two 
steps is very minimal and for the purposes of this report we will critique the two steps 
together. 
 
Overall, the screening process has several shortcomings which result in technologies 
being unnecessarily screened out from further consideration.  The following section 
provides LCA’s evaluation of the screening process, and provides specific critiques of 
MH’s treatment of individual technologies. 
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A. Process Critiques 
In general, our primary concern with the technology screening process is that the 
purpose and process of the screening has been poorly defined by MH and as a result, it 
has not provided a clear argument for the further consideration of certain technologies 
and exclusion of other technologies. 
 

“High Level Screening” 
As noted in the NFAT report, this initial, “high-level screening of technologies uses a 
general characterization to determine whether a technology will proceed to the next 
stage of evaluation.”26  For most of the resource characteristics, the assessment is at least 
partially subjective and there are no specific thresholds for screening out a technology 
on that basis.  As an example, nuclear technology received a “screened out” rating for 
several reasons, including due to its “complex & lengthy approval process.”27  There is 
no discussion of this rating or comparison of the incremental complexity of the nuclear 
approval process beyond the approval process for hydro or natural gas. 
 
Of the technology characteristics that can be quantified, MH often did not define the 
thresholds for screening a unit out.  For example, in rating technologies on the 
“proximity to load center” characteristic, the distances from potential new generation 
were grouped into five categories based on range in kilometers.28  While various 
technologies were given yellow or green ratings, MH does not explain which of the five 
categories corresponds to the various color designations, nor why a resource far from a 
load center would not be feasible for development since additional cost considerations 
should be factored in elsewhere in the screening process. 
 

Manual screening vs. optimization process 
Manitoba Hydro’s process relies on a manual screening of a combination of qualitative 
and quantitative factors.  In many respects the technologies that were screened out were 
removed not because they are not able to be developed in Manitoba, but because they 
are not preferable based on the set of base assumptions by which the technologies were 
evaluated.  As discussed below, the assumptions regarding solar PV led to the 

26 NFAT Submission, Chapter 7, p. 11. 
27 Id., Table 7.1, p. 3. 
28 NFAT Submission, Chapter 7, p. 8. 
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technology being screened out despite industry expectations of large cost declines 
during the study period.  This method, rather than one based on a resource 
optimization process, can inappropriately remove technologies from potential 
development.  This issue of optimization is address in more detail in the critique of the 
development plan process below. 
 

Inappropriate unit cost metrics 
The primary characteristic that determined which technologies were screened out was 
unit cost.  For this characteristic, MH utilized the US Energy Information 
Administration estimates of levelized cost, rather than the Manitoba-specific levelized 
costs it calculated.  Regardless of the previous discussion of optimization vs. manual 
screening, simple reliance on generic US EIA estimates does not incorporate Manitoba-
specific characteristics that should be included in the technology screening process. 
 

Screening ignores future technology trends 

MH’s planning horizon for the NFAT analysis is 78 years and across the development 
plans, individual scenarios have resources going into service as late as 2047.  By 
performing the resource screening in 2012 and eliminating technologies from 
consideration through the entire 78 year planning horizon, MH’s process ignores future 
changes in all the characteristics upon which it evaluated the technologies.  MH has 
recognized that wind, solar and combustion turbine technologies are expected to see 
improvements over time.  It is conceivable that by 2047 the evaluation of many 
technologies would change in regards to public opinion, regulatory status, and 
particularly cost (discussed in more detail below).   
 
Technical Appendix 2: Generation Alternatives provides additional analysis and 
discussion of this issue. 
 

B. Technology-specific critique 
Our assessment of MH’s process criticized the concept of screening out technologies, 
rather than utilizing an optimization process.  Without disregarding this critique, this 
section of the report reviews the technologies that were eliminated from further 
consideration by MH’s technology screening process and provides a critique of their 
conclusion. 
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In-lake wind 

The resource technology screening process eliminated in-lake wind as a potential 
resource primarily due to high resource cost.  MH also discusses other potential barriers 
such as lack of experience, technical challenges, and conflicts with commercial and 
recreational water uses.29 
 
Given the large amount of undeveloped on-shore wind potential, it is reasonable to 
delay consideration of in-lake wind at this time.  However, the technology is promising 
due to higher performance characteristics and lower development obstacles in certain 
circumstances.  MH should monitor development of marine and in-lake wind projects 
elsewhere in North America and should study wind conditions for future development 
in Manitoba. 
 

Solar – PV 

Despite acknowledging a good-quality solar resource in southern Manitoba, MH 
screened out solar PV due to high LCOE costs and intermittency issues.30 
 
Technical Appendix 2: Generation Alternatives, provides a review of MH’s resource 
cost and performance assumptions. 
 
Generally, MH has noted that the industry forecasts anticipate solar PV installed cost 
declines of up 50% by 2020.31  Yet the technology was screened out from further 
consideration based on the EIA Annual Energy Outlook 2013 price estimate.  The 
screening based on these estimates eliminated solar PV with an average LCOE estimate 
of approximately $150/MWh.  A 50% decline in costs would make that technology 
extremely cost competitive with other energy resources. 
 
Based on the long horizon on the NFAT analysis, it would be reasonable for MH to 
calculate comparative costs between resources farther in the future incorporating cost 
trends to determine if solar PV may be a cost competitive option. 

29 NFAT Submission, Chapter 7, p. 18. 
30 NFAT Submission, Chapter 7, p. 18. 
31 NFAT Submission, Appendix 7.1, pp. 43-45. 
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Solar thermal 

MH screened out solar thermal due to high LCOE costs.  The report also notes concerns 
with resource intermittency and a mismatch between resource availability and 
Manitoba’s winter system peak. 32  Based on the status of the development of solar 
thermal technology, there is no compelling reason to consider it more viable than 
resource underconsideration. 
 
 

Geothermal 
Geothermal was screened out during the resource technology evaluation due because 
“heat gradients required for these systems remain unproven in Manitoba,” as well as 
other technical and economic challenges.33 
 
Based on the status of geothermal technology and the availability of more economic 
base load resources with fewer technological challenges, there is no compelling reason 
to pursue geothermal resources at this time. 
 

Coal – Conventional and IGCC 
Both coal resources were screened out from further consideration due to the regulatory 
constraints imposed by the Climate Change and Emissions Reductions Act.34  This 
legislation requires the phase-out of the use of coal-fired generation.  
 
Based on the regulatory restrictions in place and larger trends in the North American 
utility industry, it is reasonable for MH to screen out the coal technologies. 
 

32 NFAT Submission, Chapter 7, p. 18. 
33NFAT Submission, Chapter 7, p. 19. 
34 Id. 
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Nuclear 
MH’s resource technology screening process eliminated nuclear as an option due to the 
high capital investment, difficulty of integrating large units, and regulatory restrictions 
on storing radioactive waste imposed by The Manitoba High-Level Radioactive Waste Act.35  
There are several issues with these justifications for the elimination of nuclear as a 
potential resource. 
 
MH did not provide analytical support for the exclusion of nuclear due to the high 
upfront capital investment, particularly given the magnitude of investment being 
proposed for the hydro units.  Regarding integration difficulty, MH provided no 
analysis supporting any claim that integrating a large nuclear unit is not feasible.  In 
addition, the legislation cited by MH is targeted primarily at preventing the storage of 
radioactive waste and spent fuel that is generated outside Manitoba.  It is not clear from 
the legislation that nuclear generation would be prohibited.36 
 
Despite these issues, it was reasonable for MH to eliminate nuclear as a potential 
resource option due to high cost uncertainty, high regulatory risk, and environmental 
concerns. 
 

Biomass (crop residue and wood fuel) 
Both biomass technologies evaluated were screened out for the same reason: According 
to MH’s analysis the cost of energy from these resources is “not yet competitive with 
other forms of generation and are highly dependent upon the uncertain price of 
transportation fuels.”37  This conclusion is not supported by any analysis of 
transportation fuel costs or sensitivities.   
 
MH’s own analysis shows that there is potential for more than 630 MW of capacity and 
4,800 GWh of annual energy from domestic biomass resources.  Much of the biomass 
fuel is located within 100 km of Winnipeg.38 
 

35 Id., pp. 19-20. 
36 The High-Level Radioactive Waste Act. C.C.S.M. c. R10, July 17, 1987.  

http://web2.gov.mb.ca/laws/statutes/ccsm/r010e.php 
37 NFAT Submission, Chapter 7, p. 20. 
38 NFAT Submission, Appendix 7.1, Section 4.2. 

  

La Capra Associates, Inc.
One Washington Mall, 9th Floor
Boston, Massachusetts 02108

lacapra.com

                                                 



January 24, 2014, Page 3A-19 
PUBLIC VERSION  
 

 

NFAT Review of  
Manitoba Hydro’s Proposal 

The cost of energy from both biomass and natural gas generators are highly dependent 
on fuel costs, yet MH’s analysis does not include any evaluation of fuel price sensitivity 
which would support the exclusion of biomass from further consideration. 
 
Biomass generators are common across North America and MH’s technology screening 
process does not provide a comprehensive justification for screening out this resource. 
 
See Technical Appendix 2: Generation Alternatives, for a full discussion of MH’s 
biomass assessment. 
 

V. Critique of Manitoba Hydro’s Alternative Development 
Plans 

As discussed above, MH utilized the resource options that passed the screening process 
to manually create a variety of potential development plans that fulfill forecasted 
resource need and, in some cases, take advantage of export opportunities.   
 
This section critiques MH’s presentation of its process of creating the alternative 
development plans for further analysis. 
 

A. Omission of DSM resources, lack of imports 
MH’s resource screening process identified select resources that were suitable for 
inclusion in the development plans.  While DSM passed all screening tests, MH did not 
formulate any development plans that include specific levels of DSM programming. 
 
MH has stated that it is committed to pursuing cost-effective DSM opportunities.39  
However, given the analysis that identified DSM as a suitable resource, it would have 
been appropriate for MH to create development plans that specifically targeted and 
funded additional DSM programs as a viable resource option. 
 
Similarly, imports were identified as a feasible resource option.  Yet only a few plans 
feature additional import development, and none of the plans are specifically 

39 NFAT Submission, Chapter 7, pp. 20-21. 
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formulated to take advantage of excess capacity in MISO in lieu of constructing new 
domestic resources.  This issue is addressed further in the following section. 

B. No evidence of plan optimization 
MH’s process for creating and testing the alternative development plans lacks a process 
of optimization.  MH manually develops a variety of plans that follow certain 
“pathways” that generally represent an informed sample of potential resource options.  
These plans are then evaluated using the SPLASH model and economic analytical 
models.  It was from this analysis that the Preferred Development Plan was identified. 
 
This process lacks quantitative optimization that is typically used by utilities in resource 
planning.  Internal or third party model software (such as Ventyx Strategist) offer 
resource planning tools that optimize resource build out given a set of inputs.   
 
This type of optimization can help identify the most beneficial timing of resource 
addition in a way that MH’s process will not.  For example, one of MH’s development 
plans calls for the development of Keeyask in 2022, followed by gas capacity beginning 
in 2029.  By manually creating and testing this plan, there is no conclusive evidence that 
a similar plan with Keeyask in 2021 or 2020 wouldn’t be more beneficial or that the 
timing on the gas capacity couldn’t be altered to improve the plan.  This example 
argument applies to all of MH’s manually developed plans.  MH’s modelling process 
limits their ability to test alternative development plan due to the considerable time 
requirements to conduct the analysis for a single development plan. 
 
This limitation is an important consideration in the comparison of alternative 
development plans as MH has done for this NFAT.  In the comparison of two 
development plans, it is not possible to determine whether either plan has been 
developed with an optimal sequencing of resource additions.  The difference in costs 
between the two plans could be due to the inherent advantages or disadvantages of the 
resources featured in the two plans or it could, in part, be due to the cost of a resource 
sequencing that is less optimal in one plan as compared to the other.  As a result, the 
cost differential between two development plans must be viewed with some caution. 
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C. Single-pass analysis abbreviates process 
In lieu of an optimization analysis to develop alternative development plans, other 
techniques could be employed to test the manually selected plans and enhance them 
with analysis.  However, MH planning process does not incorporate this concept. 
 
MH created the 15 potential development plans and then performed all analysis and 
sensitivities on these initial plans.  From the results of this analysis the Preferred 
Development Plan was selected after only a single pass through the process.  The 
primary drawback of this strategy is that it does not take advantage of any economic 
analysis in the plan development process.  These initial plans, uninformed by economic 
analysis, likely do not represent the optimized plan configuration.  MH could revise 
their process to use the initial results as indicative and redevelop the plans based on the 
lessons learned.   
 
As an example, the two development plans that included wind generation were not the 
highest performing plans.  These plans represent a narrow view of the incorporation of 
wind into a resource portfolio, rather than a variety of development options.  As a result 
of the poor economic performance, MH is not planning to develop any wind resources.  
As discussed above, with a strong domestic wind resource, modular development 
options, and declining resource costs, it is very likely that at least some wind 
development should be included in an optimized development strategy. 
 

D. Critique of CCGT/SCGT optimization process  
When creating development plans with natural gas generators, MH developed a 
process for determining whether a CCGT or SCGT unit would be included.  This 
process, however, only optimizes between CCGTs and SCGTs under reference 
assumptions and average water flow years.  This exposes MH’s planning process to 
significant risk based on the sensitivity of results to uncertain assumptions.  In the 
context of the MH hydropower system, thermal unit additions serve as sources of 
capacity and generally provide energy during times of low water.  Use of the average 
water flow year in the process does not appropriately consider the drought hedge value 
of a thermal resource in the plan development process. 
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MH followed their specific optimization process to determine the choice of which 
natural gas generation to add in its All Gas development plan.40  The optimization 
attempted to capture the trade-off of whether to invest in the higher cost and more 
efficient CCGT or utilize the SCGT with its lower capital cost and lower efficiency.  
MH’s process began by developing busbar costs to compare the technologies under 
reference assumptions.  From this MH established a capacity factor threshold required 
for a new resource below which they would add a SCGT unit and above which they 
would add a CCGT unit.  MH’s first pass at modeling through SPLASH would install a 
generic or average efficiency natural gas generation capacity when its dependable 
energy and capacity needs analysis established a need for new resources.  MH would 
then review the capacity factor of each of the generic or average natural gas capacity 
added.  MH then would substitute either a CCGT or SCGT as determined by the 
capacity factor of the generic unit.  This new generation sequence of CCGTs and SCGTs 
then became the All Gas Plan. 
 
MH discussed in its NFAT application that the thermal generation efficiency has its 
greatest importance during the simulation of low flow or drought water years.41  It is 
under these conditions that the thermal units operate at their highest capacity factors. 
The gas optimization process as discussed above utilizes the average of 99 water flow 
years to determine the capacity factors of the generic natural gas units to decide on 
choice of CCGT or SCGT.  Even if the use of the average of the 99 years was 
appropriate, this method gives weight to operational characteristics over economic 
benefits.  Additionally, the averaging method does not allow for placing more 
importance on a SCGT’s ability to help mitigate the risk of drought conditions, a key 
feature of gas generation resources. 
 

E. Lack of risk analysis 
MH’s explanation of the process of creating the alternative development includes no 
evidence of the incorporation of risk analysis into the creation of the plans – only a 
sensitivity analysis on economic performance of the plans that were developed.  
Without incorporating risk analysis into the manual plan creation, MH’s process is 

40 The methodology is described in SP-018 NFAT Confidential – Optimization of Natural Gas-Fired 
Generation into the Manitoba Hydro System.pdf. 

41 NFAT Submission, Chapter 5, pp. 33-34 
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likely resulting in plans susceptible to external factors that will render them sub-
optimal. 
 
The following are examples of elements of risk analysis that are missing from the MH 
plan development process that would likely influence the components and timing of the 
alternative plans: 
 

• Economic and financial risks:  Macroeconomic conditions can strongly influence 
the performance of resource plans by, for example, impacting interest rates and 
financing conditions.  This is particularly relevant to development plans with 
high capital expenditures.  Additionally, the general condition of the provincial 
and regional economy can strongly impact demand. 

• Export price risk:  MH’s process created development plans that either target 
additional exports or not.  Export prices have a strong impact on the viability of 
certain development plans. 

• Natural gas price risk:  Fuel prices, particularly natural gas, have experienced 
drastic volatility over the past decade.  MH’s plan development process does not 
consider this volatility and the exposure of the plans to this price risk. 

• Flood and drought risk:  As a hydro dependent system, MH is exceedingly 
susceptible to water flow conditions.  This risk is only evaluated later in the 
process, well after the plans have been structured. 

• Load forecast risk:  The Keeyask and Conawapa investments are large, long-term 
commitments for supply with long lead times to plan and construct.  The value 
of these investments relies in part on future load being as high as forecasts.  
Other supply options can be added in more modest increments with shorter 
planning lead times to better match lower load growth.  

 
One way in which these types of risks are often addressed in utility planning is by 
considering modularity and flexibility in resource options.  The flexibility of modular, 
shorter-lead time resources provide some value in mitigating load forecast risk.  For 
example, by giving priority to modular resource development such as smaller gas units 
that require shorter lead times, MH’s planning can adapt to, for example, gas price 
volatility or export price erosion.  There is no evidence that MH’s plan development 
process includes any consideration for the differences in this flexibility between 
resources options. 
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F. Portfolio Analysis vs. Resource Option Evaluation 
MH’s fifteen alternative development plans are each a portfolio of resource additions 
combined to meet energy and capacity requirements over 78 years, designed to meet a 
theme (e.g., all gas, max wind, all hydro).  This is typical of a long-term resource 
planning process which seeks to develop a reasonable scenario of development over 
time to serve as a basis for specific planning decisions that a utility must make.   
 
Beyond this initial analysis, to evaluate the next specific resource commitment decisions 
that are to be made typically entails more specific analysis and investigation.  In this 
NFAT, the specific commitment decision posed by MH is for authorization to proceed 
with the Keeyask Project, the Minnesota Power contract, and the 750 MW transmission 
line to Minnesota.  However, the economic metric used to support that decision is the 
net present value (NPV) of 78 years of the portfolio performance.  The analysis does not 
evaluate the more specific case of this option as compared to the set of commitments 
that would need to be made now in the alternative, for example in the All Gas plan.      
 

G. Summary of critique alternative development plan process 
MH’s process of creating the alternative development plans is not well documented in 
the NFAT submission or accompanying materials.  After identifying suitable resources 
in the screening process, there is very little detail provided as to how certain resource 
combinations were created, how the timing of resources was determined, etc. 
 
Overall, despite creating fifteen different plans, MH’s range of options represents a 
relatively narrow view of future development.  Additionally the plans do not even fully 
take advantage of the few resource options that passed MH’s screening process, namely 
DSM and imports.  The combination of the manual development process (rather than an 
optimized process) and the single-pass analysis prevents the planning process from 
taking advantage of insight that can be gleaned from the economic and financial 
analysis steps.  Finally, MH’s plan development process does not incorporate risk 
analysis during the plan development stage, and therefore exposes the planning to extra 
risk. 
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VI. Alternative Plans and Results 
 
La Capra Associates has concluded that MH’s review of the alternative development 
plans has several shortcomings, including an overly narrow range of potential 
development plans and the use of outdated or inappropriate generation cost 
assumptions.  To address the first issue we have worked with MH to create two 
additional development plans.  This is discussed in Section A below.  As noted, 
Manitoba has only recently completed this analysis and therefore our review of their 
results will be included in a supplemental report. 
 
To address the second shortcoming, we have prepared analysis evaluating the impact of 
changing the wind cost assumptions to more current and reasonable estimates.  This 
analysis, discussed in Section B below, provides indicative results that assess the 
sensitivity of MH’s conclusions to the capital cost assumptions. 
 

A. Supplemental resource development plans 
Based on our conclusion that MH’s plan development process did not produce a full 
range of potential resource plans, La Capra Associates has worked with MH to develop 
two additional plans.  MH developed the plans and performed a full analysis including 
SPLASH runs and economic analysis on the results.  The plans are summarized below: 
 

• Combined Cycle Plan (CCGT):  This development plan builds only CCGT units 
(i.e., no hydro, no SCGT, etc.).  Over the study period, seven CCGTs are built 
with no new transmission.  It has been modeled in SPLASH and the Economic 
model for all 27 branches of the uncertainty analysis using 2012 vintage data as 
requested. It has not been evaluated through the financial model.  We have also 
requested analysis using three historical drought conditions, with the Reference-
Reference-Reference assumptions being run through MH’s financial modeling 
process.   

• No Build / Import Reliance Plan:  This plan will test an alternative development 
strategy to delay new generation build as long as possible.  The plan relies on 
increased DSM (assumed to be 1.5 times the reference DSM), and the promotion 
of fuel switching to convert existing electric heat to natural gas as well as a 
reduction in the penetration of electric heating for new dwellings. This plan also 
assumes the addition of the 750MW transmission interconnection to the US.  The 
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transmission capacity increase would work in concert with a relaxed MH policy 
constraint on imports, allowing up to 20% of the dependable energy to come 
from net imports. The timing of the transmission addition would coincide with 
the need for dependable energy, estimated to be 2029. This plan adds SCGTs and 
CCGTs over the remainder of the modeled study period in the same sequence as 
the All Gas Plan. 

 
MH has only recently completed the analysis requested and provided the results.  
Therefore, La Capra Associates will be filing a supplemental report reviewing the 
performance of the CCGT and Expanded Imports cases. 
 

B. Wind cost assumption analysis 
Given the research showing that MH’s onshore wind assumptions were higher than 
published industry estimates as discussed in Technical Appendix 2: Generation 
Alternatives, LCA used its version of MH’s economic model to rerun the two wind 
development plans, the Wind Gas and Wind Conawapa, with new onshore wind cost 
assumptions.  This analysis is a sensitivity analysis, using all of MH’s assumptions and 
results from the reference case analysis of the Preferred Development Plan and the 
Wind Plan, except as noted below.   
 
LCA’s wind assumptions for this analysis are included in the table below. 
 

Input Manitoba Hydro LCA 
Capital Costs $2400 $1750 
Capacity Factor 40% 43% 
Lifetime 20 years 25 years 
Cost Decline Over Time None 1%/year through 2032 

Figure 3-3:  Wind Cost Assumptions for Sensitivity Analysis 

LCA implemented its assumptions in the economic model one at a time for each 
development case.  Capital costs were changed first, then an adjustment was made to 
simulate a higher capacity factor, the project life and then cost decline over time.  The 
charts below show the impact of each variable on the net present value cost of the Wind 
Gas and Wind Conawapa Development Plans.  Changing the onshore wind 
assumptions does not make either plan less costly than the Preferred Development 
Plan, but it does bring the NPV cost of the wind plans significantly closer to the 
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preferred plan on a 78 year NPV metric given the reference case assumptions.  The total 
impact of LCA’s assumption on the Wind Gas Development Plan NPV was $1.23 Billion 
and the total impact on the Wind Conawapa Development Plan NPV was $0.43 Billion.   
 

 
Figure 3-4:  Impact of Wind Cost Changes on Wind Gas Development Plan NPV 
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Figure 3-5:  Impact of Wind Cost Changes on Wind Conawapa Development Plan 

NPV 
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Figure 3-6:  Impact of Wind Cost Changes on Wind Gas minus Preferred Plan CPV 
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Figure 3-7:  Impact of Wind Cost Changes on Wind Conawapa minus Preferred Plan 

CPV 

 
In addition to the cost assumptions discussed above another issue of MH’s treatment of 
wind is that it places no value on the modularity of wind.  In contrast to the Conawapa 
and Keeyask projects, wind generation is modular and can be built in relatively small 
quantities and on a relatively short timeline.  With wind in its planned portfolio, MH 
will have the luxury of assessing the project need close to the time of development.  
 
The foregoing analysis indicates the sensitivity of the MH wind cases to the cost and 
performance assumptions for wind.  LCA will be conducting additional analysis on 
alternative development plans for the supplemental analysis and will be providing 
additional considerations on the comparison of alternative wind plans to other 
development plans at that time. 

 $(3,000)

 $(2,000)

 $(1,000)

 $-

 $1,000

 $2,000

 $3,000

 $4,000

 $5,000

 $6,000

20
14

20
16

20
18

20
20

20
22

20
24

20
26

20
28

20
30

20
32

20
34

20
36

20
38

20
40

20
42

20
44

20
46

20
48

20
50

20
52

20
54

20
56

20
58

20
60

20
62

20
64

20
66

20
68

20
70

20
72

20
74

20
76

20
78

20
80

20
82

20
84

20
86

20
88

20
90

CP
V 

(M
illi

on
s o

f $
20

12
)

MH Assumptions All LCA Assumptions

  

La Capra Associates, Inc.
One Washington Mall, 9th Floor
Boston, Massachusetts 02108

lacapra.com



January 24, 2014, Page 3A-31 
PUBLIC VERSION  
 

 

NFAT Review of  
Manitoba Hydro’s Proposal 

VII. Summary and Conclusions 
 
LCA has reviewed MH’s process of creating the alternative development plans.  The 
process begins with the needs analysis and resource option screening, and concludes 
with the manual development of the potential resource plans.  Based on our review and 
analysis, we offer the following conclusions: 

A. Resource needs analysis is overly conservative 
MH’s process begins with the evaluation of resource need.  LCA has evaluated this 
issue fully in Technical Appendix 1: Resource Planning.  Our general conclusion is that 
MH relied on conservative assumptions and that the actual year of resource need for 
both energy and capacity will likely be later than MH forecasts.  In addition, we 
identified several ways in which MH could delay the construction of new generation 
resources to fulfill need. 
 

B. Resource technology screening removes too many options on subjective or 
misplaced criteria 

The resource technology screening process is based on both qualitative and quantitative 
factors.  This manual process is partially based on subjective criteria and does not 
incorporate any future changes in certain assumptions.  An example of this is the 
screening out of solar PV without considering the significant cost declines expected in 
the future. 
 

C. DSM not considered as a resource option during plan development 
MH included additional DSM as a resource to be included in the development plans 
because it passed all screening criteria as a feasible and cost effective resource.  
However, none of the final development plans that were evaluated in the economic and 
financial analyses included additional DSM. 
 

D. Alternative development plans were manually created instead of optimized, 
represent limited spectrum of options. 

MH considered the forecasted timing of resource need, as well as export opportunities, 
and manually created the alternative development plans using the resource options that 
passed the screening process.  MH did not perform any optimization analysis during 
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the plan development process, so there is no analytical foundation for determining 
whether adjusting timing or parameters would produce a more beneficial result.   
 
The various development plans are developed prior to any economic or financial 
analysis, and the plan configurations are not revised after this analysis.  This single-pass 
process results in plans structured without the benefit of any analytical results.   
 
Finally, the 15 plans evaluated represent a limited spectrum of possibilities.  LCA has 
worked with MH to develop and model two additional plans.  LCA’s review of the 
results of these plans will be submitted in a supplemental filing. 
 

E. Wind cost assumptions provide skewed results 
MH prepared its analysis using assumptions for wind generation costs that significantly 
exceed current industry estimates.  LCA has performed analysis using MH’s economic 
model to demonstrate that with more current assumptions, development plans 
featuring wind capacity are much more competitive than MH has concluded. 
 
MH’s process evaluated plans that were heavily dependent on wind.  Since those plans 
did not perform as well as the Preferred Development Plan, wind was essentially 
excluded as a potential resource.  Based on our analysis, an optimized development 
plan would include some additional wind resources with more realistic assumptions 
could potentially produce a competitive alternative development plan. 
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