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MHI study goals

1. Complete a due diligence review of the Hatch study and Nalcor’s
supporting information provided to determine if the study goals
set out for the studies have been met.

2. Utilizing the studies, and other literature as appropriate, provide a
narrative that addresses the following question: “In an isolated
island scenario, can sufficient wind be developed to replace the
Holyrood Thermal Generating Station and meet future demand? Is
this a technically feasible and economic alternative to Muskrat
Falls?”
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The Hatch and Nalcor 2012 wind reports

GOAL 1

DG3 Wind Assessment
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Hatch 2012 Study

« Perform an assessment on the amount of additional non-
dispatchable wind generation which may be added to
the Isolated Island of Newfoundland electrical system.
Several key technical impacts to the grid were identified
and studied:

Hydroelectric dam reservoirs may require a significant amount of water
spill during periods of high wind generation and low load

Voltage and frequency stability is reduced in the grid as the amount of
wind penetration increases

Wind energy may be used to reduce the amount of thermal generation
required at Holyrood, up to a point where the minimum thermal
generation limit is reached. If readiness must be maintained, these
thermal units must operate at a level above the minimum limit.
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Hatch 2012 Report Conclusions

« Concludes that up to a 10% penetration level on an
energy basis is achievable without any requirements to:

* Add a sophisticated wind forecasting system

» Retrofit existing generators to allow lower minimum outputs,
fast starts, higher ramp rates

* Increase regulation reserves
*  Orimplement aggressive load management systems

* Inorder to achieve penetration levels between 10% and
30%, the above recommendations are required at a
minimum.
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Nalcor 2012 Technical Wind Integration Study

 This study performed an assessment on a number of
representative cases considering technical limits in
voltage regulation and transient stability for of the Island
electrical power system:
* The basic assumptions of this study result in a very large

proportion of wind generation in relation to the total
generation required during the night or low load period.

* The report assumes the full wind energy output would be
accepted into the grid and that hydro and thermal generators
would be turned off.
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Nalcor 2012 Study Conclusions

* The report recommends that the dispatch of net wind
generation be limited to below 225 MW for the year 2020
and 300 MW for the year 2035 during the extreme light
load conditions. The reason for this is to ensure system
stability.

* In the Isolated Island option, a total of 279 MW of wind
generation is provisioned for, consistent with the
recommendations of this study.
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Replacement of Holyrood Thermal Generating Station with wind power

GOAL 2
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Theoretical Study Scenarios

* The theoretical scenarios studied are:

The Isolated Island option (from DG3 as a basis for
comparison)

Isolated Island with large scale wind and backup thermal
plants as a replacement for Holyrood Thermal Generating
Station

Isolated Island with large scale wind and batteries as a
replacement for Holyrood Thermal Generating Station
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Approach

* The two new large scale wind scenarios have been
developed with consideration to several of the technical
integration issues identified in prior work.

The amount and type of equipment to be installed over
the study horizon is identified,

Capital and operational costs are estimated,

A Cumulative Present Worth (CPW) analysis is performed.
The same CPW model used by Nalcor for DG3 is used in
this assessment.
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Annual Mean Wind Energy Map

Wind power estimated at 80 meter height (Source: Canadian Wind Energy)
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Wind Integration Plan

» Toreplace Holyrood Generating Station, and the
respective future thermal generation planned to up to
2067, MHI determined that 1100 MW of wind power
would be required.

« This amount of wind power has been selected to
produce the required 3.1 TWh of energy at a 90%
probability of occurrence (P90) in any given year,
assuming a 40% average annual capacity factor for all
wind turbines.

» This theoretical exercise assumes that wind would be
spilled when above demand.
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Proposed 1100 MW Wind Farm Plan

Year Millions in 2012 Capacit

2014 100 MW Wind Installed at Both Locations $489.0 200 MW

2015 100 MW Additional Wind Installed at Both $489.0 400 MW
Locations

2016 100 MW Additional Wind Installed at Both $489.0 600 MW
Locations

2017 100 MW Additional Wind Installed at Both $489.0 800 MW
Locations

2018 100 MW Additional Wind Installed at Both $489.0 1000 MW
Locations

2019 100 MW Additional Wind at East Location $244.5 1100 MW

20121022 DG3 Wind Assessment 4
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Year Millions in 2012%

New Terminal Station for Avalon
H H Wind Farm il
Transmission
New Terminal Station for West Wind $10.0
Costs for 1100 Famm
2014 0 K $20,
. 8 x 230 kV Circuit Breakers .0
MW WI n d Fa rm 126 km of 230 kV Transmission
e $75.6
P | an 440 km of 345 kV Transmission e
Line
2 x 230 kV Circuit Breakers $5.0
2015
30 km of 230 kV Transmission Line $18
5 x 230 kV Circuit Breakers $12.5
2016 liikm of 230 kV Transmission $75.6
4_40 km of 345 kV Transmission $440
Line
4 x 230 kV Circuit Breakers $10.0
2017
30 km of 230 kV Transmission Line $18
1 x 230 kV Circuit Breaker $2.5
2018
30 km of 230 kV Transmission Line $18
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Addition of Synchronous Condensers for
Frequency Regulation

Ye Millions in 2012

IFIIYI Use Holyrood Unit #3 as a Synchronous Condenser $0.0

“ Convert Holyrood Unit #1 to Synchronous $3.3

Condenser

m Convert Holyrood Unit #2 to Synchronous $3.3
Condenser

pLi WA Build 300 MVAr Synchronous Condenser $90.0
IELIEM Build 200 MVAr Synchronous Condenser $60.0
IESEEM Build 150 MVAr Synchronous Condenser $45.0
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Wind Integration Costs

* Wind Integration Costs are the additional burden placed
on the electric utility to manage the integration of wind
resources with conventional dispatchable generation
such as hydro and thermal.

« A one cent/kWh wind integration cost was added to the
variable wind O&M costs in the CPW analysis which is
twice that used by Nalcor for their existing 279 MW of
wind generation. This represents a cost of $111.4 million
over the study period.
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Isolated Island with Wind and Batteries

« In this scenario, the base case is modified in the
following ways:

* Holyrood 1, 2, and 3 are decommissioned in 2017, 2018, and
2019 as wind is integrated

* Three 170 MW CCCTs originally for Holyrood are removed from
2032, 2033, and 2036 as well as their re-builds in 2062, 2063, and
2066.

¢ Three 100 MW, 1.97 GWh lithium-ion batteries are added in
2017,2018, and 2019 and renewed every 20 years thereafter

*  Two 100 MW wind farms are added in 2014, 2015, 2016, 2017,
and 2018 and renewed every 20 years thereafter

*  The final 100 MW wind farm is added in 2019 and renewed
every 20 years thereafter

20121022 DG3 Wind Assessment 18
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Wind with Battery Backup — Generation
Capacity Chart to 2067
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Laurel Mountain 32 MW, 8 MWh Lithium-ion
Battery Storage System

The battery proposed in the Holyrood replacement scenario is 750
times larger that this installation shown.

20121022 DG3 Wind Assessment 20
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Isolated Island with Wind and Thermal Backup

* In this scenario, the base case is modified in the
following ways:

e Holyrood 1, 2, and 3 are decommissioned in 2017, 2018, and 2019 as
wind is integrated

»  Three 170 MW CCCTs originally for Holyrood are removed from 2032,
2033, and 2036 as well as their re-builds in 2062, 2063, and 2066.

*  Two 100 MW wind farms are added in 2014, 2015, 2016, 2017, and 2018
and renewed every 20 years thereafter

» The final 100 MW wind farm is added in 2019 and renewed every 20
years thereafter

* Additional backup thermal 50 MW Combustion Turbines are installed
in 2014, 2015, 2016, 2017 (x2), 2018 (x2), 2019 (x3), and 2023 to meet a
14% capacity margin throughout the study period
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Wind with Thermal Backup — Generation
Capacity Chart to 2067
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Wind Generation : Sep 7, 2012
T
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within a few hours. Second,
the output is not constant.
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Estimation of Fuel to Back upVWind

* 550 MW of CTs are installed to back up the wind
generation plant, and to provide the required reliability
on the Isolated Island.

» Backup generation is required when wind power does
not meet demand. The amount of fuel to supply the
energy deficit has been estimated using wind probability
graphs for the island, turbine capability curves, and the
operating history at Holyrood Thermal Generating
Station.

20121022 DG3 Wind Assessment 24
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Thermal Backup Fuel Estimate

* Typical Holyrood Thermal Generating Station operation in any
given year is strongly influenced by the amount of water in
hydro reservoirs.

* The available history of Holyrood Thermal Generating Station
annual energy output was used to estimate the required back-
up CT generation through the years 2012-2067. Note: use of
existing hydro reserves are implicit in this history.

» Two of the 11 CTs were in operation to provide the operators
with load following capability.

» $1.67 billion is Backup CT fuel expenses are included in the
CPW Analysis to support the wind over the study period.

20121022 DG3 Wind Assessment 27

CPW Analysis Results
Cumulative Present Worth (Billions in 2012)
CPW Cost e Isolated Wind & Wind &
Component ioh Island Thermal Battery
P Option Scenario Scenario
Fixed Charges $0.32 $2.56 $7.27 $14.61
Operating Costs $0.26 $0.75 $1.29 $1.18
Fuel Costs $1.32 $6.71 $0.87 $0.87
Backup CT Fuel Costs $0 S0 $1.67 $0
Power Purchases $6.47 $0.76 $0.76 $0.76
TOTAL $8.37 $10.78 $11.86 $17.43
20121022 DG3 Wind Assessment 28
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MHI Key Findings — Goal 1

* The 2012 wind studies by Nalcor are technically sound,
meet their study goals, and were performed in
accordance with good utility practices.

* In MHI’s opinion, Nalcor has incorporated the maximum
amount of wind generation in the Isolated Island option
based on the result of their studies.
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MHI Key Findings — Goal 2

* MHIfinds that large-scale wind development, as a replacement for
Holyrood Thermal Generating Station, is not a least cost option and
does not represent good utility practice at this time.

*  MHI recommends that further and significant study be done for any
wind options contemplated beyond the 10% penetration level.

* Based on these screening level study findings (at an AACE Class 4
estimate), and the inherent technical risks in such a massive wind
development, MHI does not recommend that the wind options
beyond a 10% penetration level, the level recommended by the
2012 Hatch study and adopted by Nalcor for the Isolated Island
Option, be pursued at this time.
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MHI Key Findings - Goal 2

* Investment in the Muskrat Falls Interconnected option
provides a firm supply, and an opportunity to monetize
the excess energy once another interconnection is made.

* The wind power scenarios do not provide the same value
for the $11.86 or $17.43 billion costed over the study
period.

* One must note that the wind scenarios theorized are still
largely a thermal generation resource plan once the
Holyrood Thermal Generating Station is replaced.

20121022 DG3 Wind Assessment 3

Thank you

f.,) Manitoba
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