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1. INTRODUCTION

As part of the resource planning process, Manitoba Hydro monitors a variety of resource supply
options which are potentially available to meet future Manitoba needs. The inventory consists of a
range of 17 different technologies suitable for utility scale generation. Each technology type includes a
number of individual resource options potentially available for development. Each of these resource
technologies and options possess their own unique technical, environmental, socioeconomic and
economic characteristics. This document provides a description and overview of each resource
technology including a summary of key characteristics. Following the resource technology descriptions
are reference data sheets summarizing a broad range of resource characteristics for individual resource

options.

1.1 LEVELIZED COST OF ENERGY (LCOE)

Levelized cost is a standard measure of the cost of constructing and operating a generating resource
over its life. While it is a useful measure for comparing or screening of technologies, it should be noted
that levelized cost does not indicate the value of the generation, but is a relative measure of the cost
associated with a unit of energy. For the purpose of high-level screening, levelized costs for new
generation were obtained from the U.S. Energy Information Administration (EIA) 2013 Annual Energy

Outlook Early Release.

Figure Appendix 7.2-1 shows the levelized cost ranges for resource technologies as provided in the EIA
Annual Energy Outlook 2013. Figure Appendix 7.2-2 reflects the levelized cost based on potential

development of resource technologies in Manitoba as provided in Section 3 and presented in 20148.
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Figure - Appendix 7.2-1. TYPICAL LEVELIZED COST OF NEW GENERATION BY RESOURCE

US EIA 'Levelized Cost of New Generation Resources inthe Annual Energy Outlook 2013'
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Table Appendix 7.2-1 presents a summary of the resource options included in the Range of Supply
Options that are characterized as dispatchable. Dispatchability relates to the ability of a resource to be
turned on/off or adjusted by the operator in order to meet varying electricity demand. Options such as
hydroelectric and most thermal options are considered to be dispatchable. In addition to the calculated
LCOE values for the dispatchable options, the table also contains other important metrics such as rated

capacity, net system capacity and lifetime capacity factor.

Table Appendix 7.2-2 lists those resource options included in the Range of Supply Options that are
characterized as non-dispatchable. Wind and solar options with or without energy storage capabilities

are considered non-dispatchable.
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1.2 SUMMARY OF RESOURCE OPTIONS LCOE

Table Appendix 7.2-1. LCOE SUMMARY OF DISPATCHABLE RESOURCE OPTIONS (2012$)

Lifetime Levelized Cost Levelized Cost
: Rated Net System : _— g :
Resource Options Category Capacity Capacity Capacity T with
Factor | (CAD 20125 at 5.05%) | (CAD 20125 at 5.05%)
DISPATCHABLE RESOURCES
Keeyask Generating Station Hydro-electric 695 MW 630 MW 80% $58/MW.h
Less Sunk to 2014 06 30
Conawapa Generating Station Hydro-electric 1485MW | 1300 MW 57% $64/MW.h
Less Sunk to 2014 06 30
Gillam Island Generating Station Hydro-electric 1080 MW 850 MW 60% $108/MW.h
Birthday Rapids Generating Station Hydro-electric 380 MW 290 MW 60% $155/MW.h
Red Rock Generating Station (Low Head) Hydro-electric 250 MW 230 MW 65% $163/MW.h
Bladder Rapids Generating Station Hydro-electric 510 MW 500 MW 65% $103/MW.h
Whitemud Generating Station Hydro-electric 310 MW 290 MW 65% $141/MW.h
First Rapids Generating Station Hydro-electric 210 MW 195 MW 75% $122/MW.h
Manasan Generating Station (Low Head) Hydro-electric 70 MW 60 MW 90% $195/MW.h
Manasan Generating Station (High Head) Hydro-electric 270 MW 250 MW 65% $128/MW.h
Birchtree Generating Station Hydro-electric 290 MW 255 MW 70% $147/MW.h
Kepuche Generating Station Hydro-electric 210 MW 190 MW 65% $123/MW.h
Early Morning Generating Station Hydro-electric 80 MW 60 MW 90% $215/MW.h
Notigi Generating Station Hydro-electric 120 MW 100 MW 85% $85/MW.h
Granville Generating Station Hydro-electric 120 MW 120 MW 65% $188/MW.h
Bonald Generating Station Hydro-electric 110 MW 110 MW 65% $277/MW.h
Heavy Duty Combined Cycle Gas Turbine Thermal - Natural Gas 320 MW 308 MW
Greenfield High CF Case 70% $72/MW.h $73/MW.h
Greenfield Low CF Case 35% $93/MW.h $95/MW.h
Brownfield High CF Case 70% $72/MW.h $73/MW.h
Brownfield Low CF Case 35% $93/MW.h $94/MW.h
Heavy Duty Simple Cycle Gas Turbine Thermal - Natural Gas 216 MW 209 MW
Greenfield High CF Case 20% $120/MW.h $124/MW.h
Greenfield Low CF Case 5% $256/MW.h $272/MW.h
Brownfield High CF Case 20% $120/MW.h $121/MW.h
Brownfield Low CF Case 5% $256/MW.h $261/MW.h
Aeroderivative Simple Cycle Gas Turbine Thermal - Natural Gas 51 MW 47 MW
Greenfield High CF Case 20% $157/MW.h $161/MW.h
Greenfield Low CF Case 5% $412/MW.h $429/MW.h
Brownfield High CF Case 20% $157/MW.h $158/MW.h
Brownfield Low CF Case 5% $412/MW.h $418/MW.h
Wood Waste-Fired Generation Thermal - Biomass 15 MW 13.2MW 0.83
Low Fuel Cost Case $179/MW.h
High Fuel Cost Case $206/MW.h
Wood Waste-Fired Generation Thermal - Biomass 30 MW 27 MW 83%
Low Fuel Cost Case $128/MW.h
High Fuel Cost Case $155/MW.h
Agricultural Crop Residue-Fired
Generation Thermal - Biomass 15 MW 13.2 MW 83%
Low Fuel Cost Case $180/MW.h
High Fuel Cost Case $196/MW.h
Agricultural Crop Residue-Fired
Generation Thermal - Biomass 30 MW 27 MW 83%
Low Fuel Cost Case $129/MW.h
High Fuel Cost Case $145/MW.h
Subcritical Pulverized Coal Generation Thermal - Coal 583 MW 550 MW 85%
EIA Low LCOE Case for 2012 $110/MW.h
EIA High LCOE Case for 2012 $138/MW.h
Supercritical Pulverized Coal Generation Thermal - Coal 580 MW 550 MW 85%
EIA Low LCOE Case for 2012 $110/MW.h
EIA High LCOE Case for 2012 $138/MW.h
Integrated Gasification Combined Cycle Thermal - Syngas 770 MW 640 MW 80%
EIA Low LCOE Case for 2012 $124/MW.h
EIA High LCOE Case for 2012 $150/MW.h
Integrated Gasification Combined Cycle &
ccs Thermal - Syngas 745 MW 556 MW 80%
EIA Low LCOE Case for 2012 $155/MW.h
EIA High LCOE Case for 2012 $191/MW.h
Nuclear Power Plant Thermal - Nuclear 1350 MW 1350 MW 90%
EIA Low LCOE Case for 2012 $130/MW.h
EIA High LCOE Case for 2012 $144/MW.h
Enhanced Geothermal System Generation [ Renewable - Geothermal | 2 MWw(e) 1.9 MW(e) =90% NOTE: 2 MW (electrical) & 20 MW (heating)
Low Capital Cost Case $294/MW.h
High Capital Cost Case $437/MW.h |

August 2013 Appendix 7.2 Page 8 of 367



tI\Manitoba
Hydro

Needs For and Alternatives To

Appendix 7.2 — Range of Resource Options

Table Appendix 7.2-2. LCOE SUMMARY OF NON-DISPATCHABLE RESOURCE OPTIONS (20129)

Lifetime Levelized Cost Levelized Cost
. Rated Net System . o q
Resource Options Category Capacity Capacity Capacity Ti with Tr
Factor (CAD 2012$ at 5.05%) | (CAD 2012$ at 5.05%)
NON-DISPATCHABLE RESOURCES

Solar Photovoltaics - Fixed Tilt Renewable - Solar 20 MW 0MW ~20% =~$203/MW.h
Solar Photovoltaics - Single Axis Tracking Renewable - Solar 20 MW 0 MW ~26% =~$187/MW.h
Solar Photovoltaics - Dual Axis Tracking Renewable - Solar 20 MW 0MW =28% =~$193/MW.h
Solar Parabolic Trough (No Thermal
Storage) Renewable - Solar 50 MW oMW =26%

Low Capital Cost Case $140/MW.h

High Capital Cost Case $187/MW.h
Solar Parabolic Trough (6-hour Thermal
Storage) Renewable - Solar 50 MW oMW =40%

Low Capital Cost Case $144/MW.h

High Capital Cost Case $175/MW.h
Generic On-Shore Wind (100 MW) Renewable - Wind 100 MW oMW =40%

Low Capital Cost Case $62/MW.h $67/MW.h

High Capital Cost Case $99/MW.h $108/MW.h
Generic On-Shore Wind (65 MW) Renewable - Wind 65 MW 0MW =40% $78/MW.h $83/MW.h
Generic In-Lake Wind Renewable - Wind 100 MW oMW =43%

Low Capital Cost Case $132/MW.h $140/MW.h

High Capital Cost Case $225/MW.h $233/MW.h

1.3 NFAT PREFERRED RESOURCE OPTIONS - SUMMARY OF CHARACTERISTICS

Following a general review of resource options conducted annually for the resource planning process

and a more comprehensive screening exercise undertaken for the NFAT process, 16 resource options

were recognized and chosen for additional study. The 16 resource options include 12 hydroelectric

options, three thermal options and a wind resource option. Table Appendix 7.2-3, Table Appendix 7.2-

4, and Table Appendix 7.2-5 respectively summarize important characteristics for these resources.

LCOE values in these tables are reported in 2014$ as required for NFAT analysis purposes while LCOE

values contained in the resource option summary sheets are reported in 2012S.
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Table Appendix 7.2-3. NFAT PREFERRED HYDROELECTRIC RESOURCE OPTIONS

<
. $
& 5 /&
)
Q:D\.o; \o@ éFQ\ 8'}\ & @fq ~ > ‘5
XSS/ S S & /5 /) 8S/ S/
SIE/ S/ O/ 8 /&/S/¢/s
S ¢ /@ S / A T/ ~N/ S /)L /) S/ S
5 S S < S NS N O Q N
L/ /K& )/ /L) &/ S/ L/ 2/8)&
&/$5/35 /&) 8/ / &) S/ &/ L/ S /)5 )8
£/ &/ 8/)S/) &8/ )8/ &/8/8/8/5 /)5
o /& /) /) /)8 /&) /E) L)) 5 )
/s5// 8/ 3/5/)8/)3//E/S/ ) EF
$/8/8/8/)&/)8/5/)8/8/8/8/8/)&
T S .
E/)5/E[(E)/S/S/&/&/S/E/E/5 /)8
Keeyask GS \ 7 695 | 3000 45 | Yes 3.5 60 /
Conawapa GS \% 13 1485 | 4650 5 Yes 5.7 67 \/
Notigi GS* \% 10 120 | 650 0 No 1.0 88 x
Gillam Island GS Il 19 1080 | 3800 12 | Yes 7.2 | 113 x
n
c
8 First Rapids GS I 14 210 | 1000 55 | Yes 2.1 | 127 x
o
O
8 Manasan GS 1l 14 270 | 1200 150 | Yes 29 | 134 x
=
g Whitemud GS Il 14 310 | 1000 11 | Yes 3.1 | 146 x
@
o |_.
- |Birthday GS I 14 380 | 1100 70 | Yes 38 | 161 | &
>
T
Red Rock GS 1l 14 250 | 800 35 | Yes 3.0 | 170 x
Granville GS I 14 120 | 300 11 | Yes 1.8 | 196 x
Early Morning GS I 14 80 | 400 12 | Yes 15| 224 | &
Bonald GS | 16 110 | 300 80 | Yes 2.3 | 289 x

Stage | - Inventory ~ Stage Il - Feasibility ~Stage Ill - Concept  Stage IV - Pre-Investment
Stage V - Final Design, Construction & Commissioning

Notes:
. Levelized costs are calculated using a real discount rate of 5.05%.
. Levelized costs are based on remaining estimated capital costs going forward from June 2014. All costs
(incurred or estimated) prior to June 2014 are considered as sunk.
. Descriptions of the stages of preparation are included in Appendix B
*Although Notigi is identified at a Stage IV— Preparation level, studies were suspended in 2002.

. Energy values do not require transmission loss adjustment for supply & demand tables.
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NFAT PREFERRED THERMAL RESOURCE OPTIONS

Table Appendix 7.2-4.

75-97 v
163 - 430 v

161 lZS-ZGGZ \/

399
71

342
506
506

No
No
Yes

387 | 9475 Yes

308 | 2460 | 6652 | Yes
209 | 1688 | 9906 | Yes

47

35
35

GE LM6000PH Aeroderivative SCGT

GE 7FA Heaw Duty CCGT
GE 7FA Heaw Duty SCGT

seo [einyeN

1 Based on 70% to 35% capacity factor range.
2 Based on 20% to 5% capacity factor range.

Notes:

Energy values require 10% transmission loss adjustment for supply & demand tables.

NFAT PREFERRED WIND RESOURCE OPTION

Table Appendix 7.2-5.

82

163

Yes

194 | 40%

0

65

3-5

Generic Wind Farm

puim

Notes:

Energy values require 10% transmission loss adjustment for supply & demand tables.
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2. RESOURCE TECHNOLOGIES
2.1 DEMAND SIDE MANAGEMENT

Manitoba Hydro’s demand side management (DSM) initiative, “POWER SMART”, consists of energy
conservation and load management activities designed to capture energy efficiency and economic
opportunities in an effort to meet the energy needs of Manitoba in a more sustainable manner, while
assisting customers in using energy more efficiently and reducing their energy bills. DSM encompasses
a range of market-based conservation programs and activities. By the end of 2012/13, Power Smart is

estimated to have achieved an annual load reduction of 1,990 GW.h and 586 MW (at generation) .

Manitoba Hydro’s strategy for DSM involves a continued long-term commitment to pursuing all cost
effective energy efficiency opportunities and continually monitoring the market for emerging trends
and opportunities which may become economically viable. As opportunities are identified as being
economic, these opportunities are included into the Corporation’s DSM plan. The 2013 — 2016 Power
Smart Plan projects energy savings of 1,552 GW.h/year and 490 MW by 2027/28. Combined with
energy savings achieved to date, total electricity savings through DSM of 3, 113 GW.h and 846 MW will
be realized by 2027/28.

Compared to other resource technologies, DSM results in no flooding, negligible to no air emissions
while having a positive global environmental impact. In the latter regard, energy conserved in
Manitoba as a result of DSM efforts can be sold in largely fossil fuel generation based export market

thus displacing the use of fossil fuels those regions.

One of the main considerations with DSM is that without regulation or legislation, achieving energy
reduction targets is strongly dependent upon market acceptance and voluntary action. The savings
potential is estimated based on a variety of assumptions in addition to market availability and adoption
forecasts including natural technological development, anticipated customer energy usage/savings and
market cost projections. As a result of these factors, expected energy savings from DSM do not have
the same future certainty of supply as would the development of a physical resource. A summary of the
perceived advantages and challenges to implementation of DSM options is provided in Table Appendix

7.2-6.

! Interim estimate as of March 31, 2013.
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Table Appendix 7.2-6. ADVANTAGES AND CHALLENGES SUMMARY OF DSMM OPTIONS

Technology Perceived Advantages Perceived Challenges

e Astechnologies/measures are

. . adopted, the next level of
e Program specific environmental

incremental DSM savings is

benefits
diminishing in scale.
Demand Side e Current low cost
e Dependent upon customer
Management e Modular packages

behavior and market conditions.

e Postpone the need for new . . .

e Delivery uncertainty exists for each
construction _
product and program within the

portfolio.

2.2 HYDRO WITH STORAGE AND RUN-OF-RIVER HYDRO

Both of these resource technologies utilize the conversion of potential energy to kinetic energy as
water undergoes a decrease in elevation to generate electricity. A typical generating station consists of
a dam across a river to control water flows, a powerhouse with a generator, and a spillway. Water
behind the dam is channeled into the powerhouse through a draft tube and onto a turbine. As the
water is pushed down through the draft tube it passes through the turbine, causing it to rotate. The

rotating turbine is connected to a generator which rotates to produce electricity.

In order to operate a dam safely, spillways are used to allow water to bypass around the generating
station during times of high river flows when there is too much water for the generating station to
utilize. Additionally, hydro with storage options have large reservoirs in order to moderate the seasonal
effects of natural water flows while run-of-river options have no reservoirs and are subject to natural
variations. Most Manitoba Hydro stations operate somewhere within this range and can be described

as a modified run-of-river as individually, they have limited storage capabilities.
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The design of individual hydroelectric generating stations is based on site specific assumptions related
to the volume of stream flow, reservoir storage, change in elevation and geological conditions. Within
the station, hydro turbines are typically fixed blade propellers that have an optimal operating range of
approximately 95% of maximum output. This type of turbine represents the majority of turbines
currently used within the Manitoba Hydro system. Alternatively, turbines can be of variable pitch blade
design that allows the turbine to operate more efficiently over a wider range of elevations and flows.
As a result of operating flexibility these unit are very good in peaking operations. The only station

currently utilizing this type of turbine in Manitoba is at the Grand Rapids Generating Station.

The availability of storage reservoirs within the hydro system allows generation, in the form of water,
to be "stored" during off-peak periods and generated later during high value periods. Manitoba is a
winter peaking region, yet river flows are highest in during spring runoff when electricity demand is
generally at or near its lowest. Manitoba Hydro’s generation planning criteria requires that the system
be planned to supply the firm energy demand in the event of the lowest recorded coincident water

supply conditions are repeated.

Hydroelectric generating stations typically have very high availability rates (approximately 98% at
Manitoba Hydro’s Lower Nelson generating stations) and very low operating and maintenance costs
(approximately $70,000 per year for a 100 MW unit operating on the Lower Nelson). In Manitoba,
water rentals are paid to the provincial government on an annual basis and are based on the quantity
of energy generated from each plant. While operating costs are low, hydroelectric generating stations

are typically very costly to construct.

Hydro plants have very long useful service lives. Some of Manitoba Hydro’s generation stations are
approaching 100 years of service life. For analysis purposes, the life of a new hydroelectric generation
station is assumed to be 67 years which reflects combination of the different service lives of the

mechanical and electrical equipment and the service lives of the concrete and earthen structures.

The potential environmental implications of large hydroelectric facilities due to flooding and water
regime and habitat changes require extensive environmental reviews which can impact the extent and

duration of the regulatory review and approval processes.
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Project summaries for hydro resource options are provided in Section 3 of this appendix while their
levelized costs appear in both tabular and graphical formats in Tables 7.2-1 and Figures 7.2-2 in
Section 1 of this appendix. A summary of the perceived advantages and challenges to implementation

of hydroelectric resource options is provided in Table Appendix 7.2-7.

Table Appendix 7.2-7. ADVANTAGES AND CHALLENGES SUMMARY OF HYDROELECTRIC RESOURCES OPTIONS

Technology Perceived Advantages Perceived Challenges

e Potential seasonal fluctuations

Hydro with e Easily dispatched as required e Long lead times to implement
Storage e Reliable e Sites are usually not located near
and e Long life (over 60 years) load center

Run-of-River e Low life-cycle emissions e Costs associated with

Hydro e Reservoirs provide energy storage environmental mitigation and

regulatory approvals

2.3 HYDROELECTRIC RESOURCES AVAILABLE TO MANITOBA HYDRO

Current hydroelectric inventories identify a remaining total of 8200 MW of undeveloped hydroelectric
potential of varying sizes in Manitoba. These sites are located across the various river systems in
Manitoba and due to accessibility and other factors can have considerably different development

potential.

In 1977 Manitoba Hydro, the governments of Manitoba, Canada and the Northern Flood Committee
signed “The Northern Flood Agreement”. The purpose of the agreement was to define a procedure for
settlement of claims and compensation for the adverse affects of the Churchill River Diversion and of
the Lake Winnipeg Regulation projects. Subsequently in 1997, the Province signed the Manitoba Treaty
Land Entitlement Framework Agreement (MFA) that specifies a process by which an affected First
Nation may make entitlement land selection. Under the MFA, land that is, or potentially will be,

required by Manitoba Hydro for future power developments may not be selected by an Entitlement
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First Nation. The MFA gives Manitoba Hydro the right to place easements on land in areas of interest
based on the elevation of proposed water level changes caused by hydroelectric projects. The sites
identified by Manitoba Hydro are based on the concept of full reach development of rivers on which
development has already occurred. The original MFA list of 16 sites has changed over time and is
currently comprised of 12 potential sites along the Nelson, Rat/Burntwood and Churchill Rivers,

totaling 4700 MW of undeveloped hydroelectric potential.

In 1984 the federal, provincial and territorial governments created the Canadian Heritage Rivers System
(CHRS) to conserve rivers with outstanding natural, cultural and recreational heritage. Hydroelectric
development on rivers with a heritage designation is in conflict with the intent and purpose of a
heritage river declaration. Heritage river declarations impacting potential hydro power development in
Manitoba include the Bloodvein River in 1987, the Seal River in 1992, and the Hayes River in 2006. As
potential hydroelectric sites located on designated heritage rivers are not being perused at this time,

the result is a reduction in the number of sites available for future hydro power development.

Many other sites of small and medium sizes have been inventoried but are not being pursued at this
time. Their relative small size and remoteness from the transmission grid make most of them
uneconomical to develop when compared to other available sites. Together with the heritage river
designations these un-pursued potential sites total 3500 MW. Sixteen partially developed or
undeveloped, preferred options currently remain available to Manitoba Hydro for future consideration

and are listed in Table Appendix 7.2-8

Table Appendix 7.2-8. LONG LIST OF PREFERRED HYDROELECTRIC SITES CURRENTLY AVAILABLE

Notigi Generating Station Red Rock Generating Station
Early Morning Generating Station Bladder Generating Station
Kepuche Generating Station Birthday Generating Station
Birchtree Generating Station Keeyask Generating Station
Manasan Generating Station (high head) Conawapa Generating Station
Manasan Generating Station (low head) Gillam Island Generating Station
First Rapids Generating Station Bonald Generating Station
Whitemud Generating Station Granville Generating Station
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The potential options listed in Table Appendix 7.2-8 are not all mutually exclusive to one another. Some
options are potential alternative developments for a particular river reach. The lower reach of the
Burntwood River has three different development options available; Manasan GS high head, Manasan
GS low head along with Kepuche GS, or Birchtree GS. The upper reach of the Nelson River has two
separate development options available; Whitemud GS and Red Rock GS or Bladder GS. Once the
Wuskwatim GS low head was developed it allowed for the potential development of Early Morning GS
upstream of the generating station. Taking these multiple site development options into account the
list was reduced to 12 potential sites, as shown in Table 7.2-9, for consideration in the high level

screening within the NFAT submission..

Table Appendix 7.2-9.  LIST OF PREFERRED HYDROELECTRIC SITES FOR HIGH LEVEL SCREENING

Notigi Generating Station Birthday Generating Station

Early Morning Generating Station

Keeyask Generating Station

Manasan Generating Station (high head)

Conawapa Generating Station

First Rapids Generating Station

Gillam Island Generating Station

Whitemud Generating Station

Bonald Generating Station

Red Rock Generating Station Granville Generating Station

2.4 ON-SHORE WIND AND IN-LAKE WIND

These resource technologies utilize wind to rotate the blades of a turbine that is connected, via a
gearbox, to a generator to produce electricity. A typical wind turbine assembly includes a generator,
gearbox and controls, all of which are housed in a nacelle located at the top of the turbine tower. The
amount of wind energy transferred to a turbine is proportional to the sweeping area of the blades and
the cube of the wind speed. The current energy efficiency of wind turbines is about 50% out of a
possible 59% maximum. Typical utility-scale wind farms consist of multiple three-bladed wind turbines

(1.5 MW to 3.0 MW unit size) broadly spaced throughout a large footprint.
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Manitoba has a reasonably good wind resource with the potential to develop several thousand MW's
of wind generation. There are currently areas within the province with suitable wind quality to achieve
capacity factors of approximately 40%. If tower heights continue to rise and turbine efficiencies
continue to improve additional sites could also achieve capacity factors above 40% in southern

Manitoba.

Wind generation is an intermittent resource with both seasonal and daily variability, typically producing
more energy during off-peak periods, and has virtually no dependable capacity. As a result, additional
fast ramping generation or energy storage is required to provide firming capacity and dispatchability.
Hydroelectric generating facilities can provide such fast ramping firming capability as well as storing
wind energy within reservoirs. Utilizing hydro reservoirs to store wind generation or to time shift wind
generation towards peak demand, comes with a cost against other possible revenue options available
to hydro generation. Measures such as improved wind forecasting, wind ramp-up predictability, and

sub-hourly scheduling can reduce associated integration costs for additional wind capacity.

Sub-zero weather presents operating challenges do to the limitations of the mechanical and fluid
components located within the nacelle. Standard turbines can operate at temperatures down to
approximately -20°C at which beyond which operation is restricted to prevent long term damage.
Additional cold weather packages can be installed that allows a turbine to safely operate down to -30°C
before needing to cease operations. Such packages include changing fluids and additional electric

heaters within the nacelle representing a small heating load.

Current trends for utility-scale, onshore, wind turbine generators are horizontal axis units of 1.5 to
3.0 MW in capacity with hub heights ranging from 60 to 140 meters. Units as large as 8.0 MW are in

development for European offshore applications.

In general, wind power is not suitable for baseload as it usually has capacity factors below 38% and is
difficult to forecast. Installed costs for wind range from $2,100 to $2,600/kW with annual O&M costs
ranging from: $50 to $60/kW. The rotor blades, generator and tower represent three quarters of the

capital cost and present the highest potential for reduction of LCOE in the future.
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The competitive position of wind generation remains heavily dependent upon North American
governments promoting wind generation through feed-in-tariffs, tax credits, renewable portfolio

standards, and climate change legislation.

Project summaries for the following wind resource options are provided in Section 3 of this appendix
while their levelized costs appear in both tabular and graphical formats in Tables 7.2-2 and Figures 7.2-

2 in Section 1 of this appendix:

e Generic On-Shore Wind (100 MW)
e Generic On-Shore Wind (65 MW)
e Generic In-Lake Wind (100 MW)

A summary of the perceived advantages and challenges to implementation of wind resource options is

provided in Table Appendix 7.2-10.

Table Appendix 7.2-10. ADVANTAGES AND CHALLENGES SUMMARY OF WIND RESOURCE OPTIONS

Technology Perceived Advantages Perceived Challenges

e No fuel costs
o Diffuse, intermittent resource
On-Shore Wind | ® Short construction time
e Not suitable for baseload
e  Modular
e Prone to lightning strikes
and e Low life-cycle emissions
e Highly dependent on commodity
e Costs expected to decline
prices
In-Lake Wind e Ease of permitting
e Cold weather issues
e Local benefits to communities
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2.5 SOLAR PHOTOVOLTAIC

Solar Photovoltaics (PV) are solid state semiconductor devices that transform light energy from the sun

directly into electrical energy.

Through a process called doping, different impurities are added to materials such as silicon, resulting in
positive and negative electrical charges. The atom collision from photons in sunlight provides the
necessary energy to free a trapped electron in the doped material, which then may flow through a wire
creating an electric current. The DC energy created can be directly utilized, converted into AC, or
stored in a battery for future usage. Individual solar cells are relatively small and are connected
together to form modules, that make up larger panels, which are placed in arrays. Stations typically
consist of many solar arrays connected together in a solar “farm”. To optimize energy production
arrays can be oriented towards the sun, utilize lenses to concentrate the solar energy, or utilize

mechanical tracking systems to follow the suns daily path across the sky.

During operations no combustion or other chemical reactions are involved resulting in an emission-free

energy resource. No water is consumed other than for periodic cleaning.

Solar resources are seasonal, intermittent and variable depending on the time of day, the angle of the
sun, geographical location, and cloud cover. The low power-to-size ratio of the arrays leads to
significant spatial requirements for large-scale operations. Backup generation or storage system is
usually required for loads demanding a constant supply to provide power during times of little or no
sunlight. Southern Manitoba has a good quality solar resource with Direct Normal Irradiation (DNI)

values of approximately 75% that of central California.

Solar electricity is currently the most expensive form of generation, but represents the greatest
resource potential for all forms of renewable generation. Capital costs are expected to continue to
decline, on average, at the historical rate of about 8% per year, while panel efficiencies are expected to
rise above 50% from the commercially available 20% panels today. The falling price trend for PV
module costs with rising system efficiencies has continued since 1998 and is projected to extend to
2030. In real terms, it is projected that Total Plant Costs will drop by over 50% by 2020 and 75% by

2030, making this option increasingly competitive in the future.
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The current competitive position of solar generation remains heavily dependent upon North American
governments promoting solar generation through feed-in-tariffs, tax credits, renewable portfolio

standards, and climate change legislation.

Project summaries for the following photovoltaic resource options are provided in Section 3 of this
appendix while their levelized costs appear in both tabular and graphical formats in Tables 7.2-2 and

Figures 7.2-2 in Section 1 of this appendix:

e Solar PV - Fixed Tilt (20 MW)
e Solar PV - Single Axis Tracking (20 MW)
e Solar PV - Dual Axis Tracking (20 MW)

A summary of the perceived advantages and challenges to implementation of solar photovoltaic

resource options is provided in Table Appendix 7.2-11.

Table Appendix 7.2-11. ADVANTAGES AND CHALLENGES SUMMARY OF SOLAR PV RESOURCE OPTIONS

Technology Perceived Advantages Perceived Challenges

e Costs projected to decline

e Low maintenance
e  Currently a high cost resource
e No noise, no emissions
e Highly variable and intermittent
e Modularity provides ability to
e Storage required to provide power
expand
Solar during times of no sunlight
e No fuel costs
Photovoltaics e Low efficiencies
e Generation can be located near
e Low power to size ratio
load
e Aesthetics may cause siting
e Can be used as building material
difficulties
e Can be physically oriented toward

system electrical peaks
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2.6 SOLAR THERMAL

Solar thermal refers to the process of harnessing heat energy from the sun. An active solar heating
system uses pumps to circulate air or liquid to collect and transfer heat energy from a high
temperature solar collector. A passive solar system does not include any electrical or mechanical
equipment to transfer or convert heat and are typically described as low temperature solar collectors.
High temperature solar thermal technology can be used for heating applications or to produce
electricity, and typically utilize mirrors to concentrate heat from the sun. The heat can be used to boil
water to drive a steam turbine. By heating a gas, solar radiation can also be used to drive a piston. The
mechanical energy of the moving turbine or piston drives a generator to produce electrical energy.
Generating stations consist of many solar collector arrays connected together in a solar “farm” linked
with a thermal plant. To optimize energy production arrays can be oriented towards the sun, utilize
mechanical tracking systems to follow the sun, or even be coupled with other secondary heating

sources, such as fossil fuels.

Southern Manitoba possesses one of the strongest solar resources in Canada. Concentrated Solar
Power (CSP), which is also known as Solar Thermal, is historically the most attractive styles of
harnessing the sun’s energy on a utility scale. CSP is an intermittent power source, and is not suitable
for base load purposes without large scale thermal storage which is currently not economical for utility

scale generation.

Addition of thermal storage allows this technology to provide some dispatchability as it allows the solar
plants to provide firm power even during non-solar and cloudy periods. In addition thermal storage
also allows the solar field to be oversized to increase the plant’s annual capacity factor to about 50%.
Thermal storage capability is reported as a number of hours. Currently thermal storage at solar,

parabolic trough, power plants range from 3 to 12 hours.

The collector system in most solar thermal power plants is manufactured primarily of common and
inexpensive materials. However, a significant portion of the cost evolves from the vast collector system
which is required to harness solar rays. Therefore, the development of less expensive and more

efficient collectors would likely have the highest impact on CSP economics. The levelized cost of the
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collector system in a solar thermal project is nearly 50%. Solar thermal projects have been abandoned

in a number of cases, due to a recent decline in the cost of solar photovoltaics.

Current CSP systems require either oil or molten salt as a heat transfer fluid. The potential leakage of
the oil is a concern for environmental contamination. The American Society of Mechanical Engineers is
currently conducting research into the usage of direct steam generation and supercritical CO2 Brayton
cycle may prove to significantly reduce the cost of solar thermal projects. A direct steam system or

S-CO2 would reduce the risk of fire, environmental contamination, capital costs and heat losses.

Manitoba Hydro is currently working with Red River College (RRC) and the University of Manitoba to
establish a R&D solar trough field at RRC to investigate the suitability of CSP in southern Manitoba. The
direct normal irradiance (DNI) is a measure of the energy intensity that strikes a given area over time.
Manitoba receives between 1800 and 2400 kW.h/m2-yr which is approximately three quarters of the
DNI in California. Given the lower DNI available in Manitoba, a 1000 MW CSP plant would be expected

to occupy between 30 and 40 square kilometres of landscape.

Project summaries for the following solar thermal resource options are provided in Section 3 of this
appendix while their levelized costs appear in both tabular and graphical formats in Tables 7.2-2 and

Figures 7.2-2 in Section 1 of this appendix:

e Solar Parabolic Trough (no thermal storage) (50 MW)

e Solar Parabolic Trough (6-hour thermal storage) (50 MW)

A summary of the perceived advantages and challenges to implementation of solar thermal resource

options is provided in Table Appendix 7.2-12.
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Table Appendix 7.2-12. ADVANTAGES AND CHALLENGES SUMMARY OF SOLAR THERMAL RESOURCE OPTIONS

Technology Perceived Advantages Perceived Challenges

e Potential cost effective electric heat | ¢  Currently a high cost resource
replacement e Llarger footprint on utility scale at 3
Solar Thermal e No fuel costs to 5 hectares/MW

e Small systems can be located close | e Storage systems have significant

or to user capital cost and may result in

e Scalable and modular complex system designs
Concentrated e Low life-cycle emissions e Potential freezing of heat transfer
Solar Power e Life span up 30 years or storage medium

e Low maintenance e Potential environmental impacts

e Common materials from oil leakage

2.7 ENHANCED GEOTHERMAL SYSTEM

This resource option utilizes heat originating from earth’s core to generate electricity. Wells are drilled
2 to 10 km deep to reach geothermal heat sources containing subsurface temperatures ranging from
150 to 200°C. The thermal energy contained in the subsurface rocks can be extracted by creating or
accessing a system of enhanced, connected fractures through which water can be circulated by
injection wells. While in contact with the deep subsurface bedrock the water is heated then returned to
the surface from production wells to form a closed loop heat recovery system. Steam separated from
the circulating subsurface water can be converted into electricity using a conventional Rankin cycle

generator or utilized in a combined heat and power system (CHP).

EGS geothermal power plants operating with closed-loop circulation have extremely low Greenhouse
Gas (GHG) and other air emissions with most associated with the construction and from maintenance
vehicles. The main air emission from generation is associated with cooling water evaporation if open-

loop cooling is required, and may include hydrogen sulphide (H,S) and ammonia (NHs).
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There are industry and environmental concerns with micro tremors and the potential to contaminate
ground water via the enhancement of fracture connectivity of the underground rock reservoir

(“fracking”), between the injection and production well networks.

Geothermal systems perform better in winter due to the improved performance of heat exchange
components. The greatest potential geothermal resource is in the south east corner of Manitoba where
the resource has the potential to produce 100 kg/s at 150°C from a 6 km depth, which is equivalent to a
capacity of approximately 40 MW. Shallower regions in Manitoba could produce 10 kg/s at 80°C, which
would be equivalent to only 2 MW. A production well flow rate of 25 kg/s at 200°C at less than 4 km
depth is the suggested minimum required capacity for current economic viability. Given the hottest
geothermal areas in Manitoba and the associated lower grade heat to electricity efficiency of about
10%, the best case LCOE is expected to be 270 S/MW.h. It is estimated that this LCOE could potentially
be halved within the next 10 to 20 years given advancements in drilling technology and extraction

methods.

Most geothermal power plants have an average capacity of 50 MW, however geothermal options are

scalable and suitable for base load purposes with capacity factors over 90%.

The largest financial hurdle with implementing EGS in Manitoba is related to the high drilling costs for
deep wells of approximately $15M per well based on current conventional petroleum drilling
technologies. A system with 2 or 3 deep-wells is likely necessary to yield a plant with a 2 to 4 MW

capacity.

Project summaries for the following enhanced geothermal resource option is provided in Section 3 of
this appendix while its levelized costs appear in both tabular and graphical formats in Tables 7.2-1 and

Figures 7.2-2 in Section 1 of this appendix:

e Enhanced Geothermal System (2 MWe)

A summary of the perceived advantages and challenges to implementation of an EGS resource options

is provided in Table Appendix 7.2-13.
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Table Appendix 7.2-13. ADVANTAGES AND CHALLENGES SUMMARY OF ENHANCED GEOTHERMAL SYSTEM

RESOURCE OPTIONS

Technology Perceived Advantages Perceived Challenges

e Potential cost effective electric heat

replacement
e Low grade resource in Manitoba
e No fuel costs
e High drilling costs

Enhanced e Small systems can be located close
e Fracking presents potential water
Geothermal to user
contamination issues
Systems (EGS) e Suitable for baseload

e Maintenance costs higher than
e Low life-cycle emissions
conventional thermal
e Life span up to 30 years

e Winter peaking

2.8 SIMPLE CYCLE GAS TURBINES

Simple Cycle Gas Turbines (SCGT) are a type of internal combustion engine with an upstream rotating
compressor, a combustion chamber and a downstream turbine. Fuel is mixed with air and ignited in the
combustion chamber, with the products of the combustion forced into the turbine section. The
products of combustion are directed through nozzles onto the turbine's blades causing the turbine to
spin. The spinning turbine is then connected to a generator to produce electricity. Simple cycle gas

turbines are typically fueled by natural gas or kerosene based fuels.

SCGTs are a supply option that includes attributes of modularity; low to moderate capital cost; short
lead times from the date of project commitment (3 to 5 years); compact size; siting flexibility; and
excellent operational flexibility. SCGTs are available in a variety of configurations ranging from sub-
megawatt to 470 MW in size. SCGT power plants can consist of one to several turbine generator units.
This variety allows plant capacity to be more exactly matched to system requirements than larger

hydro options and thereby minimizing capital investment in excess of system needs.
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The two main types of SCGTs in use today are the heavy duty frame units and the smaller, more
modular aeroderivative units. The heavy-duty frame units are characterized by lower capital costs per
kW and lower maintenance costs. Aeroderivative SCGT units operate with higher pressure ratios and
are more efficient (i.e. have a lower heat rate) and are more compact than larger styled frame-type
units. Because of the lighter construction, aeroderivative units provide superior operational flexibility
with rapid start capability, short run-up and rapid cool-down capabilities. The modularity of the
aeroderivative units allows for the swapping out of major components or the entire engine for major

maintenance, thereby shortening maintenance outages.

Units with quick-start capability that can ramp quickly to full load are suitable as emergency backup
and can also provide regulation or shaping services for varying loads from intermittent resources such
as wind. SCGTs are extensively used for meeting short-term peak load demands and providing grid
support functions. However, this resource option is rarely used purely for energy production because of

its low efficiency relative to Combined Cycle Gas Turbines (CCGT).

Environmentally, SCGT’s water requirements are minimal and air emissions can be controlled to low
levels. Basic NOx (nitrogen oxide) control can be accomplished with the use of "low NOx" combustors
or steam injection. Selective catalytic reduction (SCR) controls can further limit NOx emissions as well
as carbon monoxide and volatile organic compounds (VOC), particularly at unit start-up. Greenhouse
gases are emitted at about one half of the intensity of a typical pulverized coal plant during normal

plant operations.

The SCGT resource option is a mature and reliable technology with further increases in gas turbine

performance anticipated in the coming decades.

Project summaries for the following simple cycle gas turbine resource options are provided in Section 3
of this appendix while their levelized costs appear in both tabular and graphical formats in Tables 7.2-1

and Figures 7.2-2 in Section 1 of this appendix.

e Heavy Duty Simple Cycle Gas Turbine (216 MW)

e Aeroderivative Simple Cycle Gas Turbine (51 MW)
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A summary of the perceived advantages and challenges to implementation of simple cycle gas turbines

resource options is provided in Table Appendix 7.2-14.

Table Appendix 7.2-14. ADVANTAGES AND CHALLENGES SUMMARY OF SIMPLE CYCLE GAS TURBINE RESOURCE

OPTIONS
Technology Perceived Advantages Perceived Challenges
e Proven and reliable technology
e Dispatchable resource e High variable operating cost
Simple Cycle
e Low capital cost e Fuel price risk and volatility
Gas Turbines
e Short construction lead times o Less efficient than CCGT
(SCGT)
e Ideal for peaking and quick start e Air and greenhouse gas emissions
operations

2.9 COMBINED CYCLE GAS TURBINES

Combined Cycle Gas Turbines (CCGT) utilize a natural gas fuelled simple cycle gas turbine (SCGT) along
with a heat recovery steam generator utilizing the Rankine cycle. As described above, a SCGT ignites a
gas-air fuel mixture that expands and is forced through a turbine to rotate an electric generator. In
addition, a second system is combined with the SCGT to capture the waste exhaust heat from the
process and uses it in a Rankine cycle generator to convert high pressure water into steam. The
expanding steam causes a second turbine that is connected to a generator to rotate and produce
additional electricity. Use of the otherwise wasted heat of the turbine exhaust gas yields high thermal

efficiency compared to other combustion technologies.

Typical CCGT units operate with natural gas as the operating fuel, but often dual-fuel capability with oil
as a backup can be used to increase the availability of the generation when natural gas supplies are
curtailed. However, use of distillate fuel oil as a backup fuel has become less common in recent years
because of its additional emissions such as sulfur oxides. Inexpensive optional power augmentation for

peak period operation can be obtained by use of inlet air chilling and duct firing (direct combustion of
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natural gas in the HRSG to produce additional steam). CCGTs are economically capable of providing

base and intermediate load service with capacity factors commonly ranging from 35% to 65%.

CCGTs are a supply option that includes attributes of high thermal efficiency, low to moderate initial
cost, high reliability, lower air emissions, short lead times (3 to 5 years), compact size with siting
flexibility, and excellent operational flexibility. CCGTs are available in a variety of configurations ranging

from less than 10 MW to over 1000 MW in size.

Environmental effects of combined cycle power plants are relatively minor. The principal
environmental concerns associated with the operation of combined cycle gas turbine plants are
emissions of NOx and CO, (carbon dioxide). Nitrogen oxide abatement is accomplished by use of “dry
low-NOx” combustors and SCRs within the HRSG. Limited quantities of ammonia are released by
operation of the NOx selective catalytic reduction system. Carbon monoxide and VOC emissions are
typically controlled by use of an oxidation catalyst within the HRSG. Greenhouse gases are emitted at

less than 40% of a typical pulverized coal plant during normal operations.

Water consumption for power plant condenser cooling appears to be an issue of increasing importance
in North America. Water consumption can be reduced by use of dry (closed-cycle) cooling, though at
added cost and reduced efficiency. In the future, it appears likely that an increasing number of new

projects will use dry cooling.

The high thermal efficiency of combined cycle units could position this technology to displace
conventional coal-fired plants throughout North America, if significant universal carbon dioxide caps or

penalties were established.

Project summaries for a combined cycle gas turbine resource options is provided in Section 3 of this
appendix while their levelized costs appear in both tabular and graphical formats in Tables 7.2-1 and

Figures 7.2-2 in Section 1 of this appendix.

A summary of the perceived advantages and challenges to implementation of combined cycle gas

turbines resource options is provided in Table Appendix 7.2-15.
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Table Appendix 7.2-15. ADVANTAGES AND CHALLENGES SUMMARY OF COMBINED CYCLE GAS TURBINE

RESOURCE OPTIONS

Technology Perceived Advantages Perceived Challenges

e Proven and reliable technology

e Dispatchable resource

Combined e More efficient than SCGT
e  Fuel price risk and volatility
Cycle Gas e Well suited for either intermediate
e Some air and greenhouse gas
Turbines or baseload service
emissions
(CCGT) e Greater than 60% reduction in CO,

emission intensity per MW.h than a

conventional coal plant

2.10 CONVENTIONAL PULVERIZED COAL

Pulverized coal-fired power plants are a mature and proven technology that has been in use for over a
century and is the major source of electrical power in the US. Coal is ground to a dust-like consistency,
blown into a boiler and burned. Heat from the burning coal generates steam that is used to drive a
steam turbine-generator. The process known as the Rankine cycle uses the combustion of fuel and
oxygen within a boiler to generate heat. Demineralized water is pumped through pipes within the
boiler where it is heated to create steam. During the process of converting the liquid into gas, the fluid
expands considerably creating a force that is used to rotate a turbine. The rotating turbine which is
connected to a generator then produces electricity. The steam is condensed back into a liquid by
reducing its temperature with cooling water and is then repressurized, reheated and reused in the

boiler in a continuous cycle.

There are no seasonality or intermittency issues associated with this resource option. The most
prominent operational flexibility consideration for this option is the ramp time (approximately 8 hours)

required to achieve full load from a cold start state.
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Pulverized coal-fired boilers can be operated either under subcritical steam conditions with thermal
efficiencies of about 37% or supercritical conditions with thermal efficiencies of 37% to 40%. The latest
European advancements in pulverized coal-fired generation are the deployment of "ultra-supercritical"

units with thermal efficiencies of 41% to 43%.

The Province of Manitoba has restricted power generation from the use of coal to the support of
emergency operations after January 1, 2010 with The Climate Change and Emissions Reductions Act.
Similarly, the permitting of new coal-fired facilities in North America has become increasingly difficult
over the past few years. Recent regulatory trends outside of Manitoba in Canada and the US
concerning air emissions require that new pulverized coal-fired units incorporate flue gas
desulfurization (FGD) systems to control SO, (sulfur dioxide) emissions; selective or non-selective
catalytic (SCR/SNCR) reduction to control NO, emissions; and either electrostatic precipitators (ESP) or
filter fabric baghouses to control particulate emissions. Additional environmental controls are also
required to control mercury emissions. Uncontrolled air emissions would typically include NO,, SO,
particulate matter (PM), volatile organic compounds (VOC) and mercury. Greenhouse gas emissions
from a conventional pulverized coal plant are approximately equal to 1 tonne of CO,. per MW.h of

generated energy.

Environmentally compliant, pulverized coal-fired power plants have high capital costs and lengthy
construction periods relative to other generating options and are best suited to baseload duty. Cycling
and load following operations are typically detrimental to the economics of large coal units because of

costly increased maintenance requirements.

All coal-fired generation facilities in Manitoba to date have utilized imported coals, initially Lignite from
Saskatchewan and more recently sub-Bituminous coal from Montana. Recent discoveries (2009 to
2011) of thick seams of bituminous grade coal southwest of The Pas have created significant

exploration interest in the Canadian mining sector.

Although use of this technology is currently restricted in Manitoba, summaries for coal based resource
options are provided in this report to allow comparison of resource options available to Manitoba
Hydro to coal based technologies operating in other jurisdictions. Project summaries for the following

conventional pulverized coal resource options are provided in Section 3 of this appendix while their
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levelized costs appear in both tabular and graphical formats in Tables 7.2-1 and Figures 7.2-1 in

Section 1 of this appendix.

e  Subcritical Pulverized Coal Generation (583 MW)

e Supercritical Pulverized Coal Generation (580 MW).

A summary of the perceived advantages and challenges to implementation of pulverized coal resource

options is provided in Table Appendix 7.2-16.

Table Appendix 7.2-16. ADVANTAGES AND CHALLENGES SUMMARY OF CONVENTIONAL PULVERIZED COAL

RESOURCE OPTIONS

Technology Perceived Advantages Perceived Challenges

e Significant particulate and air

emissions
e Proven and reliable technology
e Significant GHG emissions
e Dispatchable resource
e Significant capital investment
e Abundant, low cost fuel
Pulverized Coal e Growing lack of public and
e Less fuel price volatility than
regulatory acceptance
natural gas
e Lengthy siting and environmental
e  Well suited for baseload operations
approval process

e Combustion residues (ash)

2.11 INTEGRATED GASIFICATION COMBINED CYCLE

Integrated Gasification Combined Cycle (IGCC) technology produces a low energy, synthetic gas
(syngas), typically from coal, which is used in an efficient, combined cycle gas turbine for power
generation. Pulverized coal is blended with oxygen and water to produce a slurry that is fed into a
gasifier which produces heat and raw synthetic gas (syngas). The cooled and treated syngas is then fed

into the combustion chamber of a gas turbine modified to combust low calorific value syngas and
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generates electricity. Exhaust heat from the turbine is captured by a heat recovery steam generators

(HRSG) which is used to power a steam turbine to generate additional electricity.

The IGCC process is a relatively new technology with only three full-scale power plants currently
operating in the USA, none of which have deployed carbon capture processes. Coal gasification itself is
an old technology dating back to the early nineteenth century to produce "town gas" for heating and
illumination. It is believed that approximately 90% of CO, produced in the gasifier can be separated
from the syngas for commercial scale carbon sequestration. Commercial development of this

technology is not expected before the mid-2020s.

The Province of Manitoba has restricted power generation from the use of coal to the support of
emergency operations after January 1, 2010 with The Climate Change and Emissions Reductions Act.

This may limit the development of this resource technology in Manitoba.

As this is a new technology, industry lacks experience with this option's reliability or its ongoing
operation and maintenance issues. The general industry consensus is that capital and operation and
maintenance costs will be at least 25% higher than that of a supercritical coal plant. There are no

seasonality or intermittency issues associated with this resource option.

Project summaries for the following resource options are provided in Section 3 of this appendix while

levelized costs for these options appear in

Project summaries for the following IGCC resource options are provided in Section 3 of this appendix

while their levelized costs appear in tabular format in Tables 7.2-1 in Section 1 of this appendix.

e Integrated Gasification Combined Cycle (770 MW)

e Integrated Gasification Combined Cycle with Carbon Capture and Storage (745 MW)

A summary of the perceived advantages and challenges to implementation of integrated gasification

combined cycle resource options is provided in Table Appendix 7.2-17.

August 2013 Appendix 7.2 Page 33 of 367



AManitoba Needs For and Alternatives To
Hydro Appendix 7.2 — Range of Resource Options

Table Appendix 7.2-17. ADVANTAGES AND CHALLENGES SUMMARY OF INTEGRATED GASIFICATION COMBINED

CYCLE RESOURCE OPTIONS

Technology Perceived Advantages Perceived Challenges
e Dispatchable resource
e Abundant, low cost fuel e New, largely unproven technology
Integrated e Less fuel price volatility than natural with only a few operating plants
Gasification gas e Higher capital investment than
Combined Cycle | e Well suited for baseload operations conventional coal
(1GCC) e Potentially lower greenhouse gas e Complex operating technology
emissions if CO, is captured and e Process wastes (solids and liquids)
stored
2.12 NUCLEAR POWER PLANT

Nuclear power plants utilize the fission of radioactive material such as uranium, thorium or plutonium
as a fuel to generate electricity. The difference between a nuclear power plant and a conventional
steam turbine plant is in the way in which steam is created. In a conventional steam turbine plant,
steam is created via combustion in a boiler. In a nuclear power plant, steam is created via the heat
released by a controlled nuclear reaction. The reaction creates tremendous amounts of thermal
energy which is then captured by tubes containing pressurized water. The thermal energy from the
reaction then converts the pressurized water into steam, which is used to rotate a turbine and a
generator. Other than the method by which heat is created, the remaining components of a nuclear

plant are the same as those of a conventional steam turbine plant.

Nuclear power plants supply 15% of Canada’s current electrical generation totaling 13,553 MW, while
worldwide it provides 13-14% totaling 370,000 MW. Conventional nuclear generation is a mature and
proven technology and could be an attractive future source of dependable capacity and baseload
low-carbon energy that is largely immune to high natural gas prices and climate policies. Nuclear plants

have thermal efficiencies in the 30% to 35% range. This resource technology is best suited for baseload
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duty. Cycling and load following operations are typically detrimental to the economics of large nuclear

units and such services increase maintenance requirements and costs considerably.

Nuclear power’s limited operational flexibility and large individual units, in the order of 1000 MW, can
present system integration challenges with relatively smaller systems, such as Manitoba Hydro’s
predominantly hydroelectric system. Large individual, must-run, units would not easily accommodate
periods of low load. In addition, one large nuclear unit, representing approximately 10 — 20% of
Manitoba Hydro’s current capacity, would provide significant operational challenges during any

extended maintenance period.

Nuclear capital costs are difficult to forecast, as no new "greenfield" nuclear facilities have been built in
the US since the 1980s. In the past decade, nuclear generating units have had very high capital cost
estimates and are believed to have lengthy siting, permitting and construction periods relative to other

generation options.

Motivated by improved plant designs, need for new low-carbon baseload resources, and financial
incentives of the US. Energy Policy Act of 2005, nuclear development activity has resumed in the US
with the Nuclear Regulatory Commission’s approval of a two-reactor expansion at a nuclear power
station plant in Georgia. This is the first approval for new reactors since 1978. Development and design
work is also underway on a highly modular, light water design using standard 40-megawatt modules

that could be added to plants to obtain a desired capacity.

Nuclear waste disposal continues to be a significant issue facing the industry as there is currently no
operational, long-term storage facility in North America. Manitoba's High-Level Radioactive Waste
Act R10 may prohibit development of nuclear generation facilities in the province due to the

prohibition of storage of high-level radioactive wastes in Manitoba.

Project summaries for a Nuclear Power Plant is provided in Section 3 of this appendix their levelized
costs appear in both tabular and graphical formats in Table 7.2-1 and Figure 7.2-1 in Section 1 of this

appendix.

A summary of the perceived advantages and challenges to implementation of nuclear resource options

is provided in Table Appendix 7.2-18.
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Table Appendix 7.2-18. ADVANTAGES AND CHALLENGES SUMMARY OF NUCLEAR RESOURCE OPTIONS

Technology Perceived Advantages Perceived Challenges
e Reliable baseload power Societal concerns about safety and
e Low life-cycle emissions security
e Proven fuel reserves Radioactive waste disposal is a
e Technically feasible major issue

Nuclear
e Long life, 60 years Generation not used for following
e No seismic risk in Manitoba changes in load
e Canadian designs available Advanced technologies decades

away
2.13 BIOMASS ENERGY

Biomass materials such as waste wood, landfill gas, agricultural waste, crop residues or dedicated

energy crops can be converted into heat, electricity, or both. There are three main types of conversion

technologies:

e Combustion - the burning of biomass for heat

e Thermochemical — uses heat and pressure to break down biomass into combustible gases or

liquids

e Biochemical — uses microorganisms to break down biomass into viable fuels and chemicals.

Conventional steam-electric plants with or without cogeneration will be the chief technology for future

electricity generation using crop or wood residues. Solid-fuel biomass fired power plants can utilize

processes such as direct combustion or gasification. Direct combustion of biomass utilizes mature

steam turbine plant technology involving a traditional four component process including a stoker-fired

boiler, a turbogenerator, a condenser, and a boiler feed pump. A stoker-fired boiler has the flexibility to

combust variably sized biomass having variable moisture content. This plant configuration can also be

easily adapted to allow co-firing with other fuels such as natural gas.
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Biomass is often shredded into small pieces to allow the biomass to be dried uniformly, which increases
the combustion efficiency. Some biomass materials have caused significant problems in test burns by
either plugging fuel handling systems (bark wood waste) or plugging boilers (soybeans). The optimal
size for a biomass fired electrical generating station is most likely in the 15 to 30 MW range due to a
balance between economy-of-scale and the cost of collecting and transporting the fuel from locations
remote from the plant site. Currently the cost of energy produced from this form of technology is not
yet competitive with other forms of generation and is strongly dependent upon the volatile price of

transportation fuels.

In theory, this form of energy production can be considered carbon neutral since it replaces the natural
release of CO, from biological decay by utilizing the material for energy production and releasing CO,
during combustion. Irrespective of the carbon neutral theory, this resource produces CO, and other
hazardous air pollutants comparable to that of coal-fired generation. Additional emissions result from

fuel used during the collection and transportation of crop residues.

The principal barriers to development of solid-fuel biomass plants are capital costs, availability of
cogeneration load and ensuring an adequate, stable, and economic supply of fuel. Modular
biogasification plants are under development and may be introduced within the next several years.
With the development of bioenergy industries, there is the potential for increased competition and

prices for biomass feedstocks in Manitoba.

The potential generation of all major biomass resources in Manitoba is estimated to be 630 MWe.
Since biomass resources are highly distributed, up to 40% of the levelized cost of energy (LCOE) is
based on collection and transportation costs. The magnitude of the potential for competitive industries

such as bio-fuels and bio-fibres is currently unknown.

Project summaries for the following biomass resource options are provided in Section 3 of this
appendix while their levelized costs appear in both tabular and graphical formats in Table 7.2-1 and

Figures 7.2-1 and 7.2-2 in Section 1 of this appendix.

e Wood Waste-Fired Generation (15 MW)
e Wood Waste-Fired Generation (30 MW)

e Agricultural Crop Residue-Fired Generation (15 MW)
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e Agricultural Crop Residue-Fired Generation (30 MW)

A summary of the perceived advantages and challenges to implementation of biomass resource options

is provided in Table Appendix 7.2-19.

Table Appendix 7.2-19. ADVANTAGES AND CHALLENGES SUMMARY BIOMASS RESOURCE OPTIONS

Technology Perceived Advantages Perceived Challenges

e LCOE highly dependent on
transportation fuel costs
e Usually carbon positive

e Hazardous air emissions
e Dispatchable and suitable for base
comparable to coal
load
e Magnitude of competition for
e Suitable conversion technologies
feedstock with other industries is
are inexpensive and mature
Biomass Energy unknown
e May spur development and
e Some resources seasonal and
relations with rural communities
drought sensitive
e Captured landfill gas reduces GHG
e Labour intensive
emissions
e Moisture content can vary

e Limited resource in Manitoba
e Family farms typically not large

enough for MW projects
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2.14 CONTRACTUAL IMPORT AGREEMENTS

Imports are an option to meet either capacity or energy needs. Given Manitoba Hydro’s strong
connection to the large U.S. market, imports for both capacity and energy needs are available with
short lead times and are available for various durations to meet short-term and long-term

requirements.

When considering imports for capacity purposes, a critical consideration is that Manitoba experiences a
winter peak demand while most U.S. utilities have their peak demand during the summer season. This
means that there is likely to be a large pool of surplus U.S. capacity available to Manitoba Hydro in the
winter season if suitable transmission arrangements can be made on a firm basis for the delivery of

energy associated with the capacity.

Generally Manitoba Hydro has entered into capacity exchange arrangements with U.S. suppliers to
acquire winter capacity at no cost. In exchange for the rights to winter capacity, Manitoba Hydro agrees
to supply an equivalent amount of capacity to the supplying utility during the summer season: i.e., a
seasonal diversity arrangement. If existing firm import and export transmission exists between
Manitoba Hydro and the U.S. utility, both companies can meet their capacity needs with no capital
expenditures. If there is insufficient firm transmission, then it would be cost-effective to build or buy
the necessary transmission service when the cost of the transmission service is less than the cost of

acquiring a capacity resource.

When considering imports for dependable energy requirements, a critical consideration is whether the
supplying region has surplus energy available during the period when Manitoba Hydro is experiencing
dependable flow conditions. For example, because Saskatchewan and northwestern Ontario share the
same watersheds and have significant hydro resources on the same river systems as Manitoba Hydro it
is extremely likely that these regions will be short of energy during dependable flow conditions.
Conversely, because hydro is a very small component of the generation fleet in the region of the U.S.
from which Manitoba Hydro purchases energy (1% of total annual generation), shared drought
conditions in Manitoba Hydro’s watersheds and those of the U.S. Midwest will not noticeably reduce
the supply of energy available for purchase by Manitoba Hydro. Even severe drought conditions

extending beyond Manitoba and into the U.S. Midwest that potentially impact the supply of energy by
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affecting cooling or boiler makeup water requirements of U.S. Midwest thermal generating stations

would not be expected to have a material impact in the overall availability of energy for purchase.

Manitoba Hydro’s long-term firm import limit on the existing transmission lines from the U.S. is 700
MW. This import limit will not change until new transmission interconnections are built or existing

transmission interconnections are upgraded.

Generation from the MISO market, on average across all generation types, results in significant
amounts of CO2 and other hazardous air emissions on a per unit (MW.h) basis. The MISO region is coal-
dominated, generating 75% of its electrical energy from coal in 2011, while natural gas-fired and oil
generation represents 5%, wind generation 5%, and nuclear generation 13%. The share of energy
generated using coal in the U.S. is on the decline. Coal-fired generation last provided a 50% share
across the U.S. in 2005 and is expected to be 40% in 2013 according to the U.S. DOE EIA. In the absence
of additional stringent coal regulations or very high carbon prices, the EIA is still projecting coal to
generate a significant proportion of electricity within U.S. and particularly in the Midwest through

2030.

Manitoba Hydro can access the supply of surplus energy through market purchases and energy and/or
capacity contracts. Firm transmission service is required to ensure the energy can be delivered to

Manitoba on a firm basis.

Since Manitoba Hydro generally has surplus energy available and cannot predict when it may need to
purchase energy, Manitoba Hydro does not contract for fixed blocks of fixed-price electricity imports.
Rather, the arrangements made with suppliers provide Manitoba Hydro with the assurance that the
energy will be there when needed but also with the flexibility to buy it when most economical, utilizing
the storage capability of the hydraulic system to reshape the supply to serve load requirements. When
Manitoba Hydro enters a drought period, in which purchased power and a fixed price and delivery

schedule are desired, those arrangements can be made at that time.

Manitoba Hydro does not have firm import transmission with either Ontario or Saskatchewan and, as
such, does not plan on firm imports from these markets to address the resource diversity issue

discussed above.
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A summary of the perceived advantages and challenges to implementation of import resource options

is provided in Table Appendix 7.2-20.

Table Appendix 7.2-20. ADVANTAGES AND CHALLENGES SUMMARY IMPORT RESOURCE OPTIONS

Technology

Perceived Advantages

Perceived Challenges

Contractual
Import

Agreements

Highly flexible short notice resource
Short or long term purchases
Diversity exchanges between
winter & summer peaking regions
Diversity between hydro and

thermal based systems

Prices subject to prevailing market
conditions

Transmission limits on existing lines
Upgrades or new lines required to

increased limits
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3. RESOURCE OPTIONS

This section is composed of information sheets for 37 individual resource options. A range of
descriptive, technical, economic, environmental, socio-economic and summary characteristics
are included for each information sheet. In broad terms there are 16 hydro resource options; 12
thermal resource options; and 9 emerging technology options presented for reference purposes

in this section.

3.1 HYDROELECTRIC RESOURCE OPTIONS

The following sixteen (16) resource option data sheets present important performance

characteristics and metrics for hydroelectric resource options.
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Keeyask Generating Station

Resource Type: Hydroelectric Level of Study: Stage V - Final Design, Construction & Commissioning

Location:

Located between Gull and Stephens Lakes approximately 180 km northeast of

Thompson, 60 km northeast of Split Lake, and 30 km west of the town of Gillam.

River Reach: Lower Nelson River

Description:

Principal structures will consist of a powerhouse with seven turbines, other equipment
for generating electricity and a service bay complex, a seven-bay spillway, three dams,
two dykes and a reservoir. The spillway will manage surplus river flows, and the dams

and dykes will contain the reservoir created upstream of the principal structures.

Permanent supporting infrastructure will include a north and south access road (the
north access road is being constructed under the Keeyask Infrastructure Project), a
transmission tower spur, communications tower, some borrow areas, excavated-
material placement areas, boat launches, a portage and public-safety measures. Once
the Project is constructed, the north and south access roads will be connected with the

Project and will be integrated into the provincial highway network.

Temporary support infrastructure will include: the main camp, contractor work areas, a
landfill, water- and sewage-treatment facilities, an explosives magazine, cofferdams,

rock groins and an ice boom.
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Technical Characteristics

Keeyask Generating Station

Nameplate Rating: 695 MW

Capacity and Energy (at Plant):

CAPACITY Nominal Net Winter Peak | Net Summer Peak
(MW) 695 MW 630 630

NET SYSTEM Under Dependable Under Average Under Maximum

ENERGY Flow Conditions Flow Conditions Flow Conditions
(GW.hlyear) 3003 4430 6080

Average Capacity Factor: 80%

Full Supply Level: 159 m

Gross Head: 19.2 m

Expected Average Flow: 3125 m3/s

Power Generation Flexibility:

e Fuel Type: Renewable - Water

e Mode of Operation: Baseload & Peaking

e Dispatch & Deployment Speed: Dispatchable - Medium (in minutes)
e Intermittency: None

e Seasonality: Trace seasonality affect with Nelson River system flow mangement
and reservoir storage.

Maturity of Technology: Well-Established
System Integration Considerations: Easily integrated

Technical Challenges: Labour intensive, lengthy, construction phase
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Project Lead Time:

Planning Phase: Investigations, Development 1
Arrangements, Preliminary Design & Approvals (years)
Construction Phase: Final Design, Procurement & 5
Construction (years)
Minimum Time to Earliest ISD (years) 7

Typical Asset Life: 67 years

ECOHOIT]IC Ch al‘aCterIStICS Keeyask Generating Station

Levelized Cost (Ps, Estimate):

Less Sunk to 2014 06 30 with Outlet Transmission - $58 CAD (2012$)/MW.h @
5.05%

Base Estimate (Ps, Estimate):

Less Sunk to 2014 06 30 with Outlet Transmission - $3324 CAD (2012%)
Expected Accuracy Range of Cost Estimate: -10% to +15%
Overnight Capital Cost ($/kW): $5300 CAD (2012%)/kW

Estimate Classification:

. . Stage V — Final Design, Construction
Manitoba Hydro Planning Stage o
& Commissioning

AACEI Estimate Classification Class 3

Estimating Technique: Detailed Estimate

Year of Current Estimate: 2012
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Average Lifetime Operations and Maintenance Costs:

Fixed O&M Costs $17.86 CAD (2012%$)/kWl/year

Variable Non-fuel O&M Costs $0.00 CAD (2012%)/MW.h/year

Fuel Supply Description:

e Source: Locally-sourced fuel

e Quality: Excellent: renewable, abundant and reliable

e Supply Risk: Periodic Risk of Drought

e Commodity Pricing Trends: Post-2001 Fuel Price Volatility - Low
e Transportation Pricing Trends: None

e Fuel Price: $3.3426 CAD (2012%)/MW.h

REC Premium Marketability: Low

Construction Period Cash Flows by Percentage:

ISD -11 to -20 | ISD -7 to -10 ISD -6 ISD -5 ISD -4
0.00% 16.16% 6.57% 7.13% 11.25%
ISD -3 ISD -2 ISD -1 ISD ISD +1 to +3
14.80% 17.84% 12.50% 8.89% 4.85%
Environmental Characteristics Keeyask Generating Station

Impacted Land Area:
Estimated Flooded Area - 45 increasing to 53 sq km (4500 to 5300 ha)
GS Footprint - 214 ha
Additional Impacted Area - 9302 ha

Flooded Area Intensity: 6.5 increasing to 7.6 ha/MW

August 2013 Appendix 7.2 Page 46 of 367



AManitoba Needs For and Alternatives To
Hydro Appendix 7.2 — Range of Resource Options

Total Reservoir Area: 93 sq km
Additional Linear Development: 38 km
Distance from Load Center: 720 km

Operating Phase Emissions:

e Greenhouse Gas Emissions: 0.07 to 2.22 kg/MW.h
e Hazardous Air Pollutant Emissions: None
Typical Life Cycle Emissions for Resource Technoloqy:

e Greenhouse Gas Emission Range: 3to 7 kg CO2e/MWh
Water Pollutants: Upstream of the project there will be varying impacts on suspended
sediment, dissolved oxygen, nutrients and metals, including mercury. Project effect
on downstream water quality is expected to be generally small to negligible.

Higher Priority Wildlife Species of Interest: sturgeon, caribou & nesting habitat

Long Term Legacy Issues: Perpetual care and maintenance commitment of dam

structure or the existing water regime for environmental and safety reasons.

Socio-Economic Characteristics Keeyask Generating Station

Nearby Population Centers (with more than 75 permanent residents within 100 km):
Fox Lake Cree Nation, Gillam, Ilford, Tataskweyak Cree Nation, York Factory First

Nation, War Lake First Nation
Resource Management Area: Split Lake RMA

Existing Agreements: Joint Keeyask Development Agreement (JKDA), Northern
Flood Agreement (NFA), Impact Settlent Agreement (ISA), Burntwood/Nelson River
Agreement

Aboriginal Participation Interest: Positive
Independent Power Producer (IPP) Interest: Neutral

Manitoba Sourced Fuel: Manitoba-based fuel
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Estimated Direct Employment:

Construction Phase (3000 hrs per PY basis) 4480 Person-Years
Operating Phase 58 FTE
Combined Phases (over full service life) 8400 Person-Years

In-Province Employment Opportunities (Relative to Wuskwatim):

Manitoba Employment More
Northern Manitoba Employment More
Aboriginal Employment More

In-Province Business Opportunities (Relative to Wuskwatim):

Manitoba Purchases More
Northern Manitoba Purchases More
Aboriginal Business Purchases More

Provincial Development Revenues:

Water Rentals Under Average Flows $9.0 million CAD (2012%)/year
Estimated Capital Taxes $17.3 million CAD (2012%)/year
Estimated Provincial Guarantee Fee $27.7 million CAD (2012%)/year
Estimated List Total $54.0 million CAD (2012%)/year
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Su mm al‘y Ch araCteI‘ | St| CS Keeyask Generating Station

Non-Site Specific Resource Technology Energy Market Externalities

(Published analysis by Deutsche Bank Climate Change Advisors):
Health Concerns: Very Low
Safety Concerns: Medium
Energy Security Concerns: Very Low
Environmental Concerns: NA — Site Specific
Outlook for Manitoba Hydro:

Manitoba Hydro and the Keeyask Cree Nations (KCN) of Tataskweyak Cree Nation
(TCN), War Lake First Nation, Fox Lake Cree Nation, and York Factory First Nation
negotiated and ratified the Joint Keeyask Development Agreement (JKDA) which was
signed on May 29, 2009. The JKDA is a legal agreement between Manitoba Hydro
and the KCN which outlines the partnership arrangements with regard to development,
ownership, and operation of the Keeyask Generation Station (GS). Following the
signing of the JKDA, further negotiations with the KCN resulted in the Keeyask
Infrastructure Agreement (KIP). The benefits of the KIP included enhanced
employment and business opportunities for the KCN, as well as reduced risk of delays
in the construction schedule. Construction of the KIP including the North Access Road,
a bridge over Looking Back Creek, and start up camp infrastructure began in January
of 2012. Construction of the Generating Station is scheduled to start in June 2014

subject to regulatory approvals.

The final Environmental Licence for the Keeyask Infrastructure Project (KIP) was
received March 11, 2011. The Board of Manitoba Hydro approved the Infrastructure
Project June 23, 2011, the infrastructure Agreement was signed by all parties on June
28, 2011 and work started on January 16, 2012. The Keeyask GS Project Description
document was filed with the Federal Major Projects Management Office in July 2011

and this commenced the federal regulatory process. The Environmental Act Proposal
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Form was filed with Manitoba Conservation in December 2011. This commenced the
provincial regulatory process. The application for the Keeyask Project Interim Water

Power License was submitted to the Province early in 2012.

Manitoba Hydro and the four KCN jointly developed the Environmental Impact
Statement (EIS) for the Generation Project which was filed on July 6, 2012. The
partners are now working together to respond to Requests for Additional Information
from Provincial and Federal Government reviewers and the public. To date TAC and
Public Reviewers Round 1 and 2 Information Requests (IRs) were filed in November
2012 and April 2013 respectively; and we are currently working on responding to the
round 3 IRs.

On November 16, 2012 the province officially asked the Clean Environment
Commission (CEC) to hold public hearings on the proposed Keeyask G.S. The
Keeyask CEC Hearings are anticipated to begin on September 30, 2013 in northern
Manitoba to facilitate local participation, and to continue in Winnipeg throughout mid-
October and early November 2013. Once the hearings are complete, the commission
has three months to issue their report and recommendations to the Minister. Manitoba
Hydro staff and the four KCNs (the Partnership) filed the CEC Response to IRs Round
1 on July 15, 2013 and are awaiting Round 2 questions scheduled to arrive by the end
of July 2013. A KCN pre-hearing committee was established to provide the
coordination of responses to questions from governments, the public and the CEC;
develop a shared understanding of the overall strategy for the hearings; facilitate KCN
witness development and orientation; and, coordinate the implementation of Round 3
of the Keeyask Public Involvement Program (currently in progress). The Keeyask
Partnership is working to develop a supplemental filing to the EIS which includes draft
versions of the Environmental Protection Plans and the Keeyask Environmental
Management plans.

Manitoba Hydro negotiates Transition funding budgets with each of the KCNs from the
period of JKDA signing to the start of construction when Implementation Funding

occurs. Reimbursing the reasonable costs of these communities for activities during
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the transition period ensures that the KCNs are able to participate effectively in the
transition period activities (described above), and that Manitoba Hydro continues to

strengthen its working relationship with each of the Keeyask Cree Nations.

Regulatory Environment: Lengthy approvals process

Option Enhancement Opportunities: Combine with pumped storage
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Conawapa Generating Station

Resource Type: Hydroelectric Level of Study: Stage 4 - Pre-investment

Location:

Located on the lower Nelson River approximately 30 km downstream of the existing
Limestone G.S. and 74 km upstream of the potential Gillam Island G.S. site. The site is

accessible by existing roads and is 90 km northeast of the town of Gillam.

River Reach: Lower Nelson River

Description:

Principal structures will consist of a powerhouse with ten turbines and generators,
other equipment for generating electricity, a service bay complex, a control room, a
seven-bay spillway, a spillway energy dissipater, two dams, and a reservoir. The
spillway will manage surplus river flows, and the dams will contain the reservoir created

upstream of the principal structures.

Permanent supporting infrastructure will include the existing Conawapa access road, a
transmission tower spur, Generation Outlet Transmission lines, a staffhouse, water and
sewer support systems, some borrow areas, excavated-material placement areas,
mitigation measures, boat launches, a portage and public-safety measures. The
following permanent supporting infrastructure; the construction power line and station
and the communication tower will be constructed by Keewatinoow and also used by

Conawapa for construction and operation.

Temporary support infrastructure will include: camp areas, Manitoba Hydro and
contractor work areas, water- and sewage-treatment facilities, haul roads, south side

winter trail, an explosives magazine, cofferdams, and a rock groin.
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Technical Characteristics

Conawapa Generating Station

Nameplate Rating: 1485 MW

Capacity and Energy (at Plant):

CAPACITY Nominal Net Winter Peak | Net Summer Peak
(MW) 1485 MW 1300 1395

NET SYSTEM Under Dependable Under Average Under Maximum

ENERGY Flow Conditions Flow Conditions Flow Conditions
(GW.hlyear) 4650 7000 9700

Average Capacity Factor: 57%

Full Supply Level: 57.2m

Gross Head: 32.0 m

Expected Average Flow: 3200 m3/s

Power Generation Flexibility:

e Fuel Type: Renewable - Water

e Mode of Operation: Modified Run-of-River

e Dispatch & Deployment Speed: Dispatchable - Medium (in minutes)
e Intermittency: None

e Seasonality: Trace seasonality affect with upstream Nelson River system flow
management

Maturity of Technology: Well-Established
System Integration Considerations: Easily integrated

Technical Challenges: Labour intensive, lengthy, construction phase

Page 54 of 367

August 2013 Appendix 7.2



AManitoba Needs For and Alternatives To
Hydro Appendix 7.2 — Range of Resource Options

Project Lead Time:

Planning Phase: Investigations, Development 4
Arrangements, Preliminary Design & Approvals (years)
Construction Phase: Final Design, Procurement & 8.5
Construction (years) '
Minimum Time to Earliest ISD (years) 12.5

Typical Asset Life: 67 years

ECO nom | C Ch ar aCteI‘ | St| CS Conawapa Generating Station

Levelized Cost (Ps, Estimate):

Less Sunk to 2014 06 33 with Outlet Transmission - $64 CAD (2012$)/MW.h @
5.05%

Base Estimate (Ps, Estimate):

Less Sunk to 2014 06 33 with Outlet Transmission - $65493CAD (2012%$)
Expected Accuracy Range of Cost Estimate: -15% to +20%
Overnight Capital Cost ($/kW): $3700 CAD (2012%)/kW

Estimate Classification:

Manitoba Hydro Planning Stage Stage 4 - Pre-investment

AACEI Estimate Classification Class 3

Estimating Technique: Detailed Estimate

Year of Current Estimate: 2012
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Average Lifetime Operations and Maintenance Costs:

Fixed O&M Costs $10.28 CAD (2012%$)/kWl/year

Variable Non-fuel O&M Costs $0.00 CAD (2012%)/MW.h/year

Fuel Supply Description:

e Source: Locally-sourced fuel

e Quality: Excellent: renewable, abundant and reliable

e Supply Risk: Periodic Risk of Drought

e Commodity Pricing Trends: Post-2001 Fuel Price Volatility - Low
e Transportation Pricing Trends: None

e Fuel Price: $3.3426 CAD (2012%)/MW.h

REC Premium Marketability: Low

Construction Period Cash Flows by Percentage:

ISD -11 to -20 | ISD -7 to -10 ISD -6 ISD -5 ISD -4
6.55% 12.48% 4.37% 11.97% 19.10%
ISD -3 ISD -2 ISD -1 ISD ISD +1 to +3
17.05% 12.10% 8.33% 5.44% 2.62%
Environmental Characteristics Conawapa Generating Station

Impacted Land Area:
Estimated Flooded Area - 5.1 sq km (510 ha)
GS Footprint - 164 ha
Additional Impacted Area - 1381 ha

Flooded Area Intensity: Less than 1 ha/MW
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Total Reservoir Area: 37.4 sq km
Additional Linear Development: 7 km
Distance from Load Center: 780 km

Operating Phase Emissions:

e Greenhouse Gas Emissions: 0.1 kg/MW.h
e Hazardous Air Pollutant Emissions: None
Typical Life Cycle Emissions for Resource Technoloqy:

e Greenhouse Gas Emission Range: 3to 7 kg CO2e/MWh
Water Pollutants: There will be negligible impacts on suspended sediment, dissolved

oxygen, nutrients and metals, including mercury.
Higher Priority Wildlife Species of Interest: sturgeon & caribou

Long Term Legacy Issues: Perpetual maintenance commitment of dam structure for

environmental and safety reasons

Socio-Economic Characteristics Conawapa Generating Station

Nearby Population Centers (with more than 75 permanent residents within 100 km):

Fox Lake Cree Nation, Gillam

Resource Management Area: Fox Lake RMA, York Factory First Nation RMA, Split
Lake RMA

Existing Agreements: Impact Settlent Agreement (ISA), Burntwood/Nelson River

Agreement
Aboriginal Participation Interest: Positive
Independent Power Producer (IPP) Interest: Neutral

Manitoba Sourced Fuel: Manitoba-based fuel
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Estimated Direct Employment:

Construction Phase (3000 hrs per PY basis) 6650 Person-Years
Operating Phase 61 FTE
Combined Phases (over full service life) 10,700 Person-Years

In-Province Employment Opportunities (Relative to Wuskwatim):

Manitoba Employment More
Northern Manitoba Employment More
Aboriginal Employment More

In-Province Business Opportunities (Relative to Wuskwatim):

Manitoba Purchases More
Northern Manitoba Purchases More
Aboriginal Business Purchases More

Provincial Development Revenues:

Water Rentals Under Average Flows $12.8 million CAD (2012%)/year
Estimated Capital Taxes $28.6 million CAD (2012%)/year
Estimated Provincial Guarantee Fee $45.8 million CAD (2012%)/year
Estimated List Total $87.2 million CAD (2012%)/year
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Su mm al‘y Ch araCteI‘ | St| CS Conawapa Generating Station

Non-Site Specific Resource Technology Energy Market Externalities

(Published analysis by Deutsche Bank Climate Change Advisors):
Health Concerns: Very Low
Safety Concerns: Medium
Energy Security Concerns: Very Low
Environmental Concerns: NA — Site Specific
Outlook for Manitoba Hydro:

There has been a delay in meeting with the First Nations on the income package while
internal review of the preferred aboriginal participation arrangement takes place.
Progress has been slower than desired due to competing priorities (Wuskwatim
financials, IHA Audit, PUB hearings, obligation to communicate current state Keeyask
financials to the Cree Nation Partners (CNP) before discussing them with Fox Lake). It
is now anticipated that the details of the preferred arrangement will be shared with the

First Nations in January 2013.

With the lower priority assigned to Conawapa, the Project Team continues to
encounter difficulties obtaining environmental, engineering and Development
Arrangement support required to complete scheduled tasks. If the priority of Conawapa
work is not elevated, the schedule will continue to slip.

There has been a delay in meeting with the First Nations on the income package while
internal review of the preferred aboriginal participation arrangement takes place.
Progress has been slower than desired due to competing priorities (Wuskwatim
financials, IHA Audit, PUB hearings, obligation to communicate current state Keeyask
financials to the Cree Nation Partners (CNP) before discussing them with Fox Lake). It
is now anticipated that the details of the preferred arrangement will be shared with the

First Nations in January 2013.
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With the lower priority assigned to Conawapa, the Project Team continues to
encounter difficulties obtaining environmental, engineering and Development
Arrangement support required to complete scheduled tasks. If the priority of Conawapa

work is not elevated, the schedule will continue to slip.

Direct employment estimates were revised upwards in July 2013 from 6650 to 7118 but
have not been incorporated into these data sheets.

Regulatory Environment: Lengthy approvals process

Option Enhancement Opportunities: not available
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Gillam Island Generating Station

Resource Type: Hydroelectric Level of Study: Stage 2 - Feasibility

Location:

Located on the Nelson River between the Hudson Bay and the Conawapa G.S. site. It
is at the upstream boundary of the Nelson River Estuary tidal zone and 104 km
downstream of the existing Limestone G.S. and 132 km northeast of the town of

Gillam.

River Reach: Lower Nelson River

Description:

The conventional concept presented here has 11 vertical-shaft, fixed-blade propeller
units. The intake and powerhouse structure would be in the 400 m wide channel on the
north side, downstream end, of Gillam Island. The spillway and main earth dam would
cross the 1,000 m wide channel on the south side near the upstream end of Gillam
Island. The seven bay concrete overflow spillway would be controlled by vertical lift

gates. This general arrangement, selected in 1977, is referred to as Axis G-4.

Gillam Island is the furthest downstream site being considered for the hydroelectric
development of the Nelson River. Gillam Island G.S. together with the potential
Conawapa G.S. would complete the hydroelectric development of the Nelson River

downstream of the existing Limestone G.S.
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Technical Characteristics

Gillam Island Generating Station

Nameplate Rating: 1080 MW

Capacity and Energy (at Plant):

CAPACITY Nominal Net Winter Peak | Net Summer Peak
(MW) 1080 MW 850 900
NET SYSTEM Under Dependable Under Average Under Maximum
ENERGY Flow Conditions Flow Conditions Flow Conditions
(GW.h/year) 3200 4900 not available

Average Capacity Factor: 60%

Full Supply Level: 27.5m

Gross Head: 23.2m

Expected Average Flow: 3200 m3/s

Power Generation Flexibility:

e Fuel Type: Renewable - Water

e Mode of Operation: Modified Run-of-River

e Dispatch & Deployment Speed: Dispatchable - Medium (in minutes)
e Intermittency: None

e Seasonality: Trace seasonality affect with upstream Nelson River system flow
management

Maturity of Technology: Well-Established
System Integration Considerations: Easily integrated

Technical Challenges: Labour intensive, lengthy, construction phase
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Project Lead Time:

Planning Phase: Investigations, Development 9
Arrangements, Preliminary Design & Approvals (years)
Construction Phase: Final Design, Procurement & 10
Construction (years)
Minimum Time to Earliest ISD (years) 19

Typical Asset Life: 67 years

ECO nom | C Ch ar aCteI‘ | St| CS Gillam Island Generating Station

Levelized Cost (Ps, Estimate):

With Transmission - $108 CAD (20123$)/MW.h @ 5.05%
Base Estimate (Ps, Estimate):

With Transmission - $6863 million CAD (2012%)
Expected Accuracy Range of Cost Estimate: -30% to +50%
Overnight Capital Cost ($/kW): $6350 CAD (2012%)/kW

Estimate Classification:

Manitoba Hydro Planning Stage Stage 2 - Feasibility

AACEI Estimate Classification Class 4

Estimating Technique: Factored Estimate

Year of Current Estimate: 2012
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