
GT-SC-NLH-005 
100 MW Combustion Turbine Generation - Holyrood 

Page 1 of 1 

Q. Please provide data on up-to-date wind technology that could be used as an 1 

alternative supply option in the province. 2 

 3 

 4 

A. With respect to the current application, Hydro is meeting a need for peaking 5 

capacity, for which wind generation was determined to be unfeasible in the 6 

circumstances. 7 

 8 

Several reports on wind as an alternative supply were prepared, as part of the 9 

Decision Gate 3 analysis with respect to the sanctioning of Muskrat Falls and the 10 

Labrador-Island Link in 2012: 11 

 12 

(1) Report For Wind Integration Study - Isolated Island – August 7, 2012 – Hatch 13 

http://www.powerinourhands.ca/pdf/HatchWindIntegrationStudy.pdf  14 

(Attachment 1) 15 

 16 

(2) Wind Integration Study – Isolated Island – August 18, 2012 – Newfoundland 17 

and Labrador Hydro 18 

http://www.powerinourhands.ca/pdf/WindIntegration.pdf  (Attachment 2) 19 

 20 

(3) Assessment of Wind for the Isolated Island of Newfoundland – October 26, 21 

2012 – Manitoba Hydro International Ltd. 22 

http://www.powerinourhands.ca/pdf/MHI_Wind.pdf  (Attachment 3) 23 

http://www.powerinourhands.ca/pdf/HatchWindIntegrationStudy.pdf
http://www.powerinourhands.ca/pdf/WindIntegration.pdf
http://www.powerinourhands.ca/pdf/MHI_Wind.pdf
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Executive Summary 
Hatch has completed a study to assess how much additional non-dispatchable wind 
generation can be added, economically and technically, to the Island of Newfoundland’s 
power system.  Both the ability of the hydroelectric system to operate efficiently with 
additional wind generation resources, and issues of system stability and voltage regulation 
were considered. 

The analysis of future system operation was based on an Isolated Island generation 
expansion plan which includes three new small hydro plants, a refurbishment of the Holyrood 
steam plant, a combined cycle combustion turbine, two new combustion turbines and the 
replacement or refurbishment of the existing wind farms at Fermeuse and St. Lawrence. 

For an isolated Newfoundland power system, increased wind generation will be used to 
decrease the use of thermal generation as much as possible without affecting voltage and 
frequency support, and without unduly increasing spill and causing significantly less efficient 
dispatch of the hydro generating units. 

The results of the modelling study, which focused primarily on macro energy penetration, 
without detailed consideration of hourly variations required for load balancing or real-time 
regulation issues to maintain frequency, suggests a maximum wind capacity, including the 
existing capacity, of 425 MW, which would represent an energy penetration of 14%. 

The review of system stability and voltage regulation issues recommended a maximum of 
300 MW during the extreme light load conditions for 2035 to prevent violation of stability 
criteria.  Similarly, the wind generation penetration level should not exceed 500 MW during 
the peak load conditions to avoid transmission line thermal overloads. 

A review of current and planned wind energy penetration rates worldwide found that high 
penetration rates came with significant operational challenges, especially in isolated systems.  
A penetration rate of 10% is the maximum recommended for the Island of Newfoundland 
system due to the uncertainty of the technical and economic impacts at the higher penetration 
rates which are yet to be tested under isolated system circumstances. 

It is recommended that the wind penetration to be used in the integration plan be nominally 
300 MW.  A development plan consisting of approximately 50 MW of new wind every 5 years 
from 2015 to 2035, and the refurbishment or replacement of exiting capacity as required, 
would yield a wind energy penetration of about 10%, which is high for an isolated system. 

Following further wind measurements at prospective wind generation sites, and before 
proceeding beyond 100 MW of new wind generation, it is recommended that a further more 
detailed wind integration study be undertaken to evaluate the hourly chronologic operation of 
the system with due consideration to wind uncertainty and additional reserves that will be 
needed to regulate the wind generation resource.  This study should also assess the statistics 
of load variations in combination with the wind variations at specific prospective wind 
generation sites in order to define appropriate reserve margins. 
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1. Introduction 
Nalcor Energy (Nalcor) requested that Hatch carry out an evaluation of how much additional 
wind generation can be added to the Island of Newfoundland system, from an economic and 
technical point of view, assuming no interconnection to neighbouring power systems (Isolated 
Island Scenario). 

To make the final determination, both the ability of the hydroelectric system to operate 
efficiently with the wind generation resource to reduce use of thermal resources, and issues 
of system stability and voltage regulation need to be considered.  Newfoundland and 
Labrador Hydro (Hydro) has undertaken the required modelling to assess system stability and 
voltage regulation; Hatch determined the ability of the system to absorb wind generation and 
decrease use of thermal resources, without an undue increase in spill. 

Hatch also provided an independent review of the stability and voltage regulation analysis 
done by Hydro to determine whether it is appropriate and reasonably assesses the technical 
limits of the system to reliably accept this variable and non-dispatchable generation source. 

All of the existing hydraulic generation resources on the Island were considered in this study.  
The hydro plants on Bay d’Espoir, Cat Arm, Hinds Lake, Paradise River, Exploits River, Star 
Lake, as well as Deer Lake Power were represented in detail, while the Newfoundland Power 
hydro plants were modelled in a simplified manner. 

The 2010 Isolated Island Scenario generation expansion plan under consideration has 
25 MW of new wind generation in 2014 and 50 MW of replacement or refurbished wind in 
2028 to address the existing wind farms when they reach the end of their operating lives.  
The plan also includes three small hydro plants, refurbishment of Holyrood, a combined cycle 
combustion turbine (CCCT), and two new combustion turbines (CTs). 

This study is required to determine if it is economically and technically feasible to include 
additional wind generation plants in this development scenario.  This was undertaken by 
assessing a number of 25-MW or 50-MW increments of wind generation for each of the study 
years, in succession.  After the first study year was assessed (2014), the results were 
reviewed with Nalcor, and a decision was made with regard to the most likely wind 
development prior to the next study year (2020).  For the next study year, the various 50-MW 
increments were then assessed relative to the new “existing” wind base.  This procedure was 
repeated for each successive study year.  The economic evaluation was done separately, by 
Nalcor, and re-assessed the decisions made in each study year, related to new wind 
development.  Consequently, the time series of new wind developments used herein differ 
slightly from that determined in the economic evaluation. 

Vista Decision Support System (Vista DSSTM ) was deployed for studying the impact of 
additional wind generation.  Vista has been implemented and tested for the existing Island 
system and used in a number of studies for various additional generation resources, both 
hydroelectric and wind.  For the study herein, the focus was to capture hydrologic variability 
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by modeling 61 years of hydrology using a larger time step, for four levels of expected load, 
represented by 4 years in the planning horizon – 2014, 2020, 2025, and 2035. 
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2. System Representation 
2.1 Existing System 

Currently, the Island Interconnected system, including wind generation, has a net generating 
capacity of approximately 2000 MW.  Of this, Hydro’s own generation consists of 

· approximately 1100 MW of hydroelectric, including generation on the Exploits River 
owned by the Government of Newfoundland and Labrador 

· approximately 630 MW of thermal (heavy oil, gas and diesel). 

The existing wind generation capacity is 54 MW, consisting of two non-utility generation 
(NUGs) at St. Lawrence (27 MW with 104 GWh annual average energy) and Fermeuse 
(27 MW with 84 GWh annual average energy). 

The balance is primarily hydroelectric from customer generation. 

All generation resources on the Island were represented in this study.  These include 

· Bay d’Espoir System – Granite Canal, Upper Salmon, Bay d’Espoir 

· Hinds Lake and customer owned generation at Deer Lake 

· Cat Arm 

· Paradise River 

· Exploits River – Star Lake, Grand Falls, Bishops Falls, and Buchans 

· Newfoundland Power’s numerous small plants were represented in a simplified manner. 

2.2  Generation Expansion 
New generation over the planning period (Hydro’s 2010 expansion plan) includes the 
following three new small hydro plants: 

· Island Pond (hydro), 36 MW, in service 2015 

· Portland Creek (hydro), 23 MW, in service 2018 

· Round Pond (hydro), 18 MW, in service 2020. 

Information regarding the three new hydro projects was available from feasibility reports, 
AGRA (1988), Agra-ShawMont (1997) and SNC-Lavalin (2008).  Data from these reports 
were used to represent the projects in Vista. 

Also included in the expansion plan are 

· 25 MW of planned new wind generation in 2014 

· new wind generation in 2020, 2025 and 2035, as determined in this study 

· 50 MW of replacement or refurbished wind generation in 2028 to address the existing 
wind farms when they reach the end of their operating lives 
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· future new wind generation was assumed to have an average expected hourly wind 
pattern which was provided by Nalcor.  All new wind farms were assumed to have a 40% 
capacity factor.  For the purposes of the Vista simulations required for this study, it is 
assumed that it is not significant where the new wind farms are located.  Specific location 
issues are assumed to have technical solutions and cost allowances will be included in 
the economic assessment.  It has been assumed that contracts for new wind generation 
would allow curtailment if it is required for system stability 

· new Combined Cycle Combustion Turbine (CCCT), 170 MW, in service 2022, no 
minimum output 

· new Combustion Turbine (CT), 50 MW, in service 2024, no minimum output 

· new CT, 50 MW, in service 2027, no minimum output 

· refurbishment of Holyrood.  It is assumed that whatever upgrades and repairs required to 
keep Holyrood functioning at its current capacity are performed so that Holyrood 
continues to be able to supply 470 MW.  It is assumed that there is an ongoing minimum 
generation requirement of 70 MW at each Holyrood unit, while operating.  In addition, 
there are seasonal minimum operating requirements for voltage regulation and system 
peaking. 

2.3 Island Loads 
The 2010 island load forecast for 2014 through 2041, recently used for the Muskrat Falls 
Integration study, was used for the wind integration simulations.  The peak power demand 
(MW) and annual energy demand (GWh) is listed in Table 2-1.  It is the system loads which 
will determine when additional wind generation can be integrated into the system; the timing 
herein is approximate only. 

Table 2-1 Load Forecast 

 
Peak Demand 

(MW) 
Annual Energy 

Demand 
(GWh) 

2014 1654 8513 
2020 1761 9008 
2025 1853 9511 
2035 2019 10369 

 

2.4 Physical and Operational Constraints 
Both physical and operational constraints are used to define allowable operations within the 
Vista DSSTM model.  Physical constraints are more stringent and are not to be violated by the 
model.  Operational constraints must lie within the physical constraints; penalties are applied 
to these constraints to give the model guidance on when the constraints can be violated.  The 
constraints include the minimum and maximum water levels for the reservoirs. 
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The voltage and stability analysis done by Hydro and reviewed by Hatch as discussed in 
Section 4.4, indicates that minimum conventional generation limits are needed.  These were 
incorporated into the analysis and the wind generation additions were modelled such that 
their production was rejected or clipped in order to conform to minimum hydroelectric and 
thermal generation limits. 

2.5 Inflows 
The 61-year inflow sequence provided by Nalcor has been adopted for the current study.  
This daily inflow sequence spans the years 1950 to 2010. 

2.6 Maintenance Schedules 
A generic annual outage schedule provided by Nalcor is used for each study year. 

2.7 Thermal Representation 
The costs included in the model are set such that use of thermal is minimized.  The minimum 
numbers of thermal and hydro units required in each month through the years of the 
simulation, for voltage and frequency stabilization as well as for Avalon transmission and 
system peak support, were provided by Nalcor and included in the model set-up. 
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3. Study Methodology 
Vista DSSTM has been implemented and tested for the existing Island system.  A number of 
studies have been conducted for various additional generation resources, both hydroelectric 
and wind generation.  Vista DSSTM uses detailed mathematical equations describing hydro 
generation unit characteristics (power and efficiency as functions of flow and head), spill, 
tailwater level and reservoir operations to determine unit generation requirements in any time 
step.  Vista can also represent thermal and wind generation, as well as load and market 
opportunities.  The objective of the model is to meet the system load demand in the most 
economic manner, i.e., operate the entire system in a manner that maximizes system 
hydroelectric generation to meet system load demand, minimize spill and avoid violation of 
operational licenses or constraints.  For this wind integration study, it was important to 
capture the hydrologic variability and for that purpose all the available 61 historic inflows were 
used.  The LT Vista module was employed for this study as discussed in more detail below. 

3.1 LT Vista Analysis 
The analyses focused on four specific load cases (forecast) in the planning horizon – 2014, 
2020, 2025, and 2035.  For each year several analysis were carried out as follows: 

· Base Case (changes for each year considered, as defined in Section 2.2 Generation 
Expansion above). 

· Base Case + 25 MW of new wind generation (2014 only). 

· Base Case + 50 MW of new wind generation. 

· Base Case + 100 MW of new wind generation. 

· Base Case + 150 MW of new wind generation. 

· Base Case + 200 MW of new wind generation. 

Each LT Vista analysis employed a 5-day time step, with appropriate sub-periods to define 
weekday, as well as weekend peaks and off-peaks.  The 5-day time step was used rather 
than a week, to facilitate a continuous simulation of each of the focus years using the 
61 years of hydrology. 

More specifically, for each of the focus years and each of the wind capacity cases, the 
methodology was as follows: 

· LT Vista analysis started on January 1st, using the first (1950) of the 61 years of 
hydrology and optimized generation until December 31st, in 5-day time steps. 

· No end condition was specified for reservoir, but a value of water in storage was used 
instead.  The value of water in storage was based on Holyrood generation costs and 
reservoir specific water to MW conversion factors. 
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· The December 31st water levels were then used as start levels for the second analysis, 
which used 1951 hydrology, then 1952, etc., until all hydrologic sequences were 
analyzed. 

The above analysis captures the impact of wind generation on operations for the range of 
hydrologic conditions that have occurred in the period 1950 to 2010.  Of particular interest are 
the thermal and hydro generation and spill statistics, in relation to the base case. 

The Vista analysis included a provision to ‘clip’ wind for system stability reasons, if 
conventional generation (hydro and thermal) was at risk of dipping below established 
minimums. 

The LT Vista module, when applied for a specified focus year (say 2020), and for a specified 
hydrology (say 1950), optimizes operations over that year with foreknowledge of the loads, 
hydrology and wind for that year.  It does not have foreknowledge of subsequent hydrologic 
values, so cannot operate the large storage reservoirs with excessive multiple year 
foreknowledge.  The drawdown in a specific year is determined in part by the value of water 
in storage at the end of the year, which is a signal to the optimization process to conserve 
water due to an unknown future.  Consequently, the drawdown, spill and thermal energy use 
is fairly realistic for each hydrologic sequence despite some foreknowledge.  The bias that 
does exist is common between the base case and the comparison (wind penetration) case, 
so the incremental effects of the wind penetration should be representative. 

Holyrood units currently cannot be started and stopped on a daily cycle basis.  They are 
required to be kept operating at minimum output levels during the off-peak hours in order to 
be ready to meet system demands during the daily peak hours.  A separate sensitivity 
analysis was completed whereby the minimum production for Holyrood was reduced to reflect 
the potential replacement of the plant (post-2030) so that the units are no longer restricted.  
The lifting of this restriction may result in more economic integration of wind generation. 

3.2  Spill Energy Equivalent 
The mechanism used to measure the “Spill Energy Equivalent” associated with increasing 
wind generation supply was to monitor the actual spill occurring in the different analysis and 
converting the spill to an energy equivalent using the energy/water conversion factors.  The 
conversions used to approximate the value of spill in terms of MWh are shown in Table 3-1 
below. 
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Table 3-1 Energy Conversion Factors 

Plant 
Conversion Factor 

(MWh/kCM) 

Granite 0.09515 
Island Pond 0.0553 
Upper Salmon 0.1304 
Round Pond 0.0268 
Bay d’Espoir 0.4340 
Cat Arm 0.9013 
Hinds Lake 0.5398 
Deer Lake  0.1727 
Paradise River 0.0910 
Star Lake 0.2980 
Buchans 0.0332 
Sandy Brook 0.0737 
Grand Falls 0.0698 
Bishops Falls 0.0230 
NP 0.0136 
Portland Creek 0.9778 

 

3.3 Independent Review of Voltage Regulation and System Stability 
Analysis Results 
Hatch carried out an independent review of the study undertaken by Newfoundland and 
Labrador Hydro (June 2012), on voltage regulation and system stability analysis.  The 
objective of the review was to validate the study results obtained from these analyses and to 
assess the reasonableness of the general conclusions reached in order to establish technical 
limits of the Island’s power system to reliably accept the non-dispatchable generation source. 

The study focused on evaluating the maximum wind power penetration level that would cause 
the steady-state and dynamic responses of the island power system to remain in compliance 
with the applicable technical criteria for voltage regulation and transient stability.  The study 
horizon was the years 2020 and 2035.  For each of the 2 years, extreme light and peak 
loading conditions were considered. 

In order to develop confidence on the study results presented in the draft study report, Hatch 
requested Nalcor to provide PSS/E base cases and dynamic models used for conducting the 
study.  Hatch replicated a few distinct simulation scenarios that were reported to be the most 
limiting in the study report, as follows: 

· Peak Load Conditions during the years 2020 and 2035: 

w  Steady-state contingency analysis pertaining to the loss of the 230 kV TL248 line 
(Massey Drive to Deer Lake). 
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· Extreme Light Load Conditions during the years 2020 and 2035: 

w Loss of the largest generating unit at Bay d’Espoir 

w Sudden load increase of 15 MW at the Voisey’s Bay Nickel Terminal Station Bus 
(Long Harbour). 

Comments were provided on a preliminary report and then the revised report was also 
reviewed. 

3.4 Literature Review 
A brief literature review was conducted to establish the current and planned levels of wind 
energy generation (penetration) for other systems, both interconnected and isolated system 
cases. 

The literature review was supplemented with detailed information available for wind 
penetration studies undertaken directly by Hatch. 
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4. Results and Conclusions 

4.1 Effectiveness of Additional Wind Generation 
The impact of adding 25 to 200 MW of new wind generation on the efficiency of operations of 
the Newfoundland power system in the selected load years 2014, 2020, 2025 and 2035 was 
analyzed, using the methodology outlined in Section 3.  For each of the focus years and 
installed wind capacities considered, system operations for 61 years of historic inflows were 
simulated.  For each case, hydro and thermal generation and spill (converted to energy 
equivalent) were recorded. 

Results are summarized in Tables 4-1 to 4-4, in terms of average wind, hydro and thermal 
energy, as well as the efficiency of wind generation at displacing thermal generation.  This 
wind efficiency measure is defined as 

࢟ࢉ࢔ࢋ࢏ࢉ࢏ࢌࢌࡱ ࢊ࢔࢏ࢃ ൌ
 ܖܗܑܜ܋ܝ܌܍܀ ܔ܉ܕܚ܍ܐ܂ ܔ܉ܜܖ܍ܕ܍ܚ܋ܖ۷

ܡ܏ܚ܍ܖ۳ ܌ܖܑ܅ ܍ܔ܊܉ܔܑ܉ܞۯ
כ ૚૙૙ 

If wind generation is fully effective at displacing thermal energy, then the Wind Efficiency 
would be 100%, that is, each increment of 50-MW of new wind generation would displace 
175 GWh/y of thermal energy (assuming a capacity factor of 40%). 

In 2014, the first 25-MW increment of wind generation is 84% effective at displacing thermal 
energy; that is, 88 GWh of new wind energy, results in the reduction of thermal generation of 
74 GWh on average, for the 61 hydrologic simulations (wind efficiency of 74/88 = 84%).  As 
seen in Table 4-1, the successive increments of 50 MW have displacement efficiencies of 
80%, 67%, 45% and 36%.  The table also lists the average displacement efficiency for the 
total new wind generation.  For example in 2014, after the addition of 200 MW of wind 
generation (second last row) the average displacement efficiency of the entire new plant is 
58%.  Following consultation with Nalcor, subsequent simulations assumed that 25 MW of 
new wind generation would be developed prior to 2020. 

In 2020, the first 50-MW increment of wind generation (beyond the 25 MW developed after 
2014) is 77% effective at displacing thermal energy.  As seen in Table 4-2, the successive 
increments have displacement efficiencies of 54%, 44%, 23% and 13%.  Following 
consultation with Nalcor, subsequent simulations assumed that 50 MW of new wind 
generation would be developed prior to 2025. 

By 2025, the load will have grown and the system will be able to absorb additional wind 
energy.  The first 50-MW increment (beyond the 25 MW in 2014 and the 50 MW developed 
after 2020) of wind generation is 97% effective at displacing thermal energy.  As seen in 
Table 4-3, the successive increments have displacement efficiencies of 88%, 71% and 47%.  
Following consultation with Nalcor, subsequent simulations assumed that 150 MW of new 
wind generation would be developed prior to 2035. 

By 2035, the load has grown further, and the system will be better able to absorb wind 
energy.  The first 50-MW increment of wind generation (beyond the 225 MW of new wind 
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generation assumed to be developed as per the 2014, 2020 and 2025 analysis prior to 2035) 
is 97% effective at displacing thermal energy.  As seen in Table 4-4, the successive 
increments have displacement efficiencies of 93%, 93% and 71%.  With an additional 
150 MW in 2035, or soon after, the total installed wind capacity would be 375 MW plus the 
existing/replacement 50 MW; or 425 MW.  The gross wind energy production will be 
1489 GWh/y, compared to the total island annual energy production of 10 369 GWh/y (from 
all sources); indicating a gross wind energy penetration of 14%, a high penetration for an 
isolated system. 

None of the Vista runs used in this analysis showed a need to ‘clip’ the wind for system 
stability reasons to prevent conventional generation dipping below established minimums.  
This may be because of the averaging over the long time step used; additional studies using 
a shorter time step are recommended as Nalcor approaches the maximum wind energy 
penetration. 
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Table 4-1 Wind Impact Summary – 2014 

New 
Wind 

Capacity 

Total 
Wind 

Capacity 

Available 
New 
Wind 

Energy 

      
Wind 

Efficiency 
at 

Displacing 
Thermal Hydro Energy Thermal Energy Total 

Generation 
  (MW) (GWh) (GWh) (GWh) (GWh) (%) 
      Gen Δ  Spill Δ Gen Δ Gen Δ 

Base 54 - 6578  731  1740  8513  
25 79 88 6564 -14 743 12 1666 -74 8513 84 
50  104 175 6546 -17 760 17 1596 -70 8513 80 
100 154 350 6489 -57 803 43 1478 -118 8513 67 
150 204 526 6393 -97 877 74 1399 -79 8513 45 
200 254 701 6280 -112 974 97 1337 -63 8513 36 
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Table 4-2 Wind Impact Summary – 2020 
 

 New 
Wind 

Capacity 

Total 
Wind 

Capacity 

Available 
New 
Wind 

Energy 

   
Wind 

Efficiency 
at 

Displacing 
Thermal Hydro Energy Thermal 

Energy 
Total 

Generation 

 MW (GWh) (GWh) (GWh) (GWh) (%) 

   Gen Δ Spill Δ Gen Δ Gen Δ 

Base 79   7101   595  1624   9008   
50 129 175 7060 -41 623 29 1490 -134 9008 77 
100 179 350 6979 -81 672 49 1396 -94 9008 54 
150 229 526 6881 -98 746 74 1319 -77 9008 44 
200 279 701 6746 -135 845 99 1279 -40 9008 23 

 

GT-SC-NLH-005, Attachment 1 
Page 22 of 46, 100 MW Combustion Turbine Generation - Holyrood



 

 

Nalcor Energy - Wind Integration Study 
Isolated Island Report - August 7, 2012 

 

   
 

 

H341742-0000-00-124-0001, Rev. 2 
Page 4-5 

  
© Hatch 2012 All rights reserved, including all rights relating to the use of this document or its contents. 

  

Table 4-3 Wind Impact Summary – 2025 

New 
Wind 

Capacity 

 Total 
Wind 

Capacity 

Available 
New 
Wind 

Energy 

      
Wind 

Efficiency 
at 

Displacing 
Thermal Hydro Energy Thermal 

Energy 
Total 

Generation 
  MW (GWh) (GWh) (GWh) (GWh) (%) 
      Gen Δ Spill Δ Gen Δ Gen Δ 

Base 129   7104   586  1948   9511   
50 179 175 7098 -6 593 7 1779 -170 9511 97 
100 229 350 7078 -20 608 15 1624 -155 9511 88 
150 279 526 7027 -51 638 30 1499 -125 9511 71 
200 329 701 6935 -92 702 64 1417 -83 9511 47 
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Table 4-4 Wind Impact Summary – 2035 

New 
Wind 

Capacity 

 Total 
Wind 

Capacity 

Available 
New 
Wind 

Energy 

      
Wind 

Efficiency 
at 

Displacing 
Thermal Hydro Energy Thermal Energy Total 

Generation 
  MW (GWh) (GWh) (GWh) (GWh) (%) 
      Gen Δ  Spill Δ Gen Δ Gen Δ 

Base 275   7075   587  2331   10369   
50 325 175 7069 -6 590 3 2162 -170 10369 97 
100 375 350 7057 -13 601 11 1999 -163 10369 93 
150 425 526 7044 -13 613 12 1836 -163 10369 93 
200 475 701 6994 -50 652 39 1711 -125 10369 71 
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4.2 Impact of Additional Wind Generation on Reservoir Operations 
The simulation results presented in Section 4.1 summarized the impact of additional wind 
generation on hydro generation and spillage, in energy terms.  The hydroelectric generation 
facilities have to absorb and re-regulate the irregular wind generation and the impact on 
reservoir levels is quite significant especially for the capacity of new wind generation 
considered in this study. 

To illustrate the effects of wind generation on reservoir operations, the distribution of reservoir 
levels for two of the largest storage reservoirs, Meelpaeg and Long Pond were assessed, for 
the base case and comparison case with 200 MW new wind generation, for the 2020, 2025, 
and 2035 study years. 

The results are presented in Appendix A as percentiles processed from the 61-year 
simulation in each case.  The percentiles clearly show how the addition of 200 MW of wind 
generation increases the 50% water levels as well as the spread of water levels, resulting in 
the increased spill and loss of hydro generation efficiency, demonstrated in Tables 4-1 to 4-4 
above. 

The average levels for these two reservoirs increases by over 2 m in 2020, 1.5 m in 2025, 
and 1.25 m in 2035, for the 200 MW wind penetration cases.  This is the primary causative 
factor for increased spill, lower hydro generation efficiencies, and thus reduced thermal 
displacement efficiency. 

The resultant maximum water levels during flood events will be higher in most years, than the 
base case with less wind penetration.  However, since the levels remain within allowable 
operating limits, dam safety is not a concern since the handling of probable maximum floods 
assumes that the reservoirs are at their maximum operating levels at the beginning of the 
design events. 

4.3 Voltage Regulation Issues and System Stability 
As indicated in Section 3.4, the first step in Hatch’s review of Hydro’s work on voltage 
regulation issues and system stability was to review four PSS/E base cases and the relevant 
dynamic models pertaining to the study.  Hatch independently conducted steady-state load 
flow and transient stability simulations for the most limiting contingency events, as identified 
in the report.  Hatch critically reviewed the simulation results and conclusions of the draft 
report with the following focus, whether 

· the load flow base cases sufficiently represent the required operating scenarios 

· the simulated events are enough to draw reasonable conclusions regarding the maximum 
allowable wind penetration to avoid voltage and frequency criteria violation 

· the conclusions reached are in line with the simulation results depicted in the draft report 

· the conclusions are technically reasonable. 
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Hatch provided Hydro with specific comments on the preliminary draft report and clarified and 
discussed many aspects of the simulation results with the study team in order to reach a 
common understanding of the applicable criteria.  Subsequently, Hydro provided a revised 
report for further review.  After a careful review of the revised report, it is confirmed that all 
Hatch concerns and comments on the preliminary draft were properly addressed. 

Based on the simulation results presented in the report, it is concluded that the transient 
stability constraint is found to be the most limiting factor in determining the wind penetration 
level during the extreme light load conditions.  Correspondingly, it is recommended that no 
more than 225 MW and 300 MW of net wind generation could be dispatched under the 
extreme light load conditions of 2020 and 2035, respectively.  At the same time, 500 MW was 
found to be the wind penetration limit under peak load conditions of 2020 and beyond in order 
to avoid any thermal violations subsequent to the loss of the 230 KV line – TL248.  This was 
classified as the worst single element contingency in the study report.  These wind generation 
limits are based on the assumption that sufficient reactive power and voltage support 
resources will be provided at the point of interconnections of the wind farms to be 
incorporated into the island power system of Newfoundland. 

The report noted that the extreme light loading conditions are anticipated for very short 
durations of the year, particularly during the night hours of the summer season, when the 
wind generation profile is usually at its minimum, likely to be at or less than approximately 
50% of the installed capacity.  Should the installed wind generation capacity be 500 MW, it is 
anticipated that the available wind generation under light load conditions is less than or equal 
to 250 MW, which is in close proximity to the wind penetration level limited by the transient 
stability constraint.  At the same time, it is recommended that assumptions related to the 
minimum wind generation profile under light load conditions be substantiated with the 
historical wind data for the geographical areas where the potential wind generation projects 
are expected to be installed. 
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5. Review of Wind Penetration in Other Areas 
5.1 Interconnected Systems 

Experience in other jurisdictions was examined to provide guidance on existing and planned 
levels of wind generation penetration.  The documents consulted are listed in Section 8 of this 
report. 

Europe 
In 2011, the average penetration of wind generation on an energy basis, for Europe, was 5%.  
The highest penetrations were as follows: 

· Denmark 26% 

· Portugal 17% 

· Spain  15% 

· Ireland  14% 

· Germany    9% 

The Denmark situation is somewhat unique in that it has an unlimited market access to export 
excess energy and import deficits.  If exported energy is excluded, the “domestic” wind 
energy penetration rate would be substantially less.  Thus, excluding Denmark, the current 
European high wind energy penetration experience is between 9% and 17%. 

The targets for 2020 and 2030 for Europe are 14% and 28%, respectively. 

Canada 
In 2011, wind penetration for Canada was 2.3% and CanWEA predicts rapid increases until 
at least 2025, when it could reach 20%.  The most aggressive wind growth is taking place in 
Alberta, British Columbia, Ontario and Quebec. 

In Alberta, the current plan is to increase the wind capacity from 890 MW in 2011 to 7000 MW 
in 2015. 

In 2006, in Ontario, the energy wind penetration was 2%.  The Ontario Wind Integration Study 
undertaken in that year investigated higher wind penetrations by the year 2020 of between 
7% and 13%, and identified significant negative impacts at the higher levels of penetration.  
The current plan is to increase the wind capacity from 1970 MW in 2011 to 4480 MW in 2015. 

In Quebec, the current plan is to increase the wind capacity from 920 MW in 2011 to 
2820 MW in 2015.  This is viable since there is substantial hydro flexibility and adjacent 
markets to help balance the load. 

In British Columbia, the current plan is to increase the wind capacity from 248 MW in 2011 to 
780 MW in 2015.  This relatively low penetration is due to a difficult licensing process and the 
emphasis on developing small hydro. 
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United States 
On an aggregate basis, the energy penetration in 2011 (see references) is estimated to be 
just under 4%.  The top five states as of 2011 are 

· South Dakota 22% 

· Iowa   19% 

· North Dakota 15% 

· Minnesota  13% 

· Wyoming  10% 

· Ten other states have wind energy penetration rates above 4% (Colorado 9%, 
Kansas 8%, Idaho 8%, Oregon 8%, Oklahoma 7%, Texas 7%, New Mexico 5%, 
Washington 5%, Maine 5%, and Montana 4%). 

In general, the states listed above all have significant interconnections with neighbouring 
jurisdictions which enables load balancing during times of rapid wind generation changes. 

The U.S. Department of Energy’s report “20% Wind Energy by 2030” envisages that wind 
power can meet 20% of all national energy demands by 2030 (see references). 

5.2 Isolated Systems 

5.2.1 New Zealand 
New Zealand is an isolated island system, with significant challenges in maintaining 
frequency within reasonable limits.  As of 2011, there was 614 MW of wind generation, 
compared to a total system capacity of 9750 MW.  This is equivalent to a capacity penetration 
of 6.3%, and an energy penetration of nearly 5%.  The composition of the system in this year 
also includes hydroelectric (5252 MW), gas (1942 MW), coal (920 MW), geothermal 
(731 MW), oil (165 MW) and other (127 MW).  Due to the generation diversity, and a high 
proportion of dispatchable generation resources, the plan is to achieve a wind energy 
penetration of 20% by the year 2020.  Significant measures have been put into place to be 
able to achieve this high penetration, including an aggressive automated load shedding 
program for water heaters and other non essential loads. 

5.2.2 Hawaii 
The electric system for the isolated island of Oahu has a daily peak of about 1200 MW and a 
daily minimum of about 600 MW.  Total firm generation capacity on Oahu is 1817 MW, 
comprising seven thermal generation plants, almost all burning fuel oil. 

The Hawaii Clean Energy Initiative (HCEI), which was announced in 2008, includes a 
mandate for the state of Hawaii to generate 40% of its energy from renewable resources by 
2030.  The resources include solar, wind, biomass, geothermal, hydropower, and ocean 
technologies. 
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The recent Oahu Wind Integration Study (OWIS, 2011) has concluded that the isolated island 
of Oahu can achieve a wind energy penetration of 20% (25% with photovoltaic energy 
included), subject to a number of conditions.  These include the implementation of a 
sophisticated wind forecasting system, generation system modifications (to allow lower 
minimum unit outputs, fast starts, and higher thermal ramp rates), increase of reserve 
requirements, and the implementation of aggressive load management methods. 

5.3 Hatch Experience with Wind Penetration 
Hatch has been involved in a number of wind integration studies, which provide some 
additional context to the situation in Newfoundland.  These are discussed below. 

5.3.1 Bonneville Power Administration (BPA) 
BPA is the regional balancing authority for the Pacific Northwest region of the United States.  
It manages power balancing for a region with about 40 000 MW of generating capacity.  
There has been a recent rapid growth of wind generation in the region of nearly 4000 MW 
and the plan is to extend this to 6000 MW.  Although the system is hydroelectric dominated, 
there are severe operating limitations on the hydro facilities due to fishery requirements and 
flood control responsibilities.  The current penetration on a capacity basis is thus about 10%, 
and on an energy basis about 6%.  They are experiencing significant operational challenges 
at this level, and believe that they will be at the limit of practical operation at about 15% on a 
capacity basis (10% on an energy basis).  The need to carry a high level of spinning and 
regulation reserves at a few swing plants has resulted in increased spill and market 
purchases in order to manage the non-dispatchable wind generation. 

5.3.2 Nova Scotia Power Inc. (NSPI) 
NSPI generates electricity for the Province of Nova Scotia, and in 2008 had a total generating 
capacity of 2330 MW.  This capacity was made up of 1893 MW of thermal plant, 377 MW of 
hydroelectric plant, and 60 MW of wind generators.  The wind energy penetration at this time 
was about 1.5%. 

The Nova Scotia Wind Integration Study for the Nova Scotia Department of Energy (Hatch, 
2008) considered wind penetration cases for 2020 (with an annual peak load of 2866 MW 
including demand side management loads) as follows:  581 MW (base case; 20% wind 
capacity penetration, 13.5% energy penetration), 781 MW (27% capacity penetration; 19% 
energy penetration), and 981 MW (34% capacity penetration; 24% energy penetration). 

The results of the base case with 13.5% wind energy penetration was very positive, while the 
higher penetration cases demonstrated significant adverse operational problems, especially 
beyond a penetration of 20%. 

5.3.3 Manitoba Hydro (MBH) 
MBH owns and operates over 5500 MW of hydroelectric generation facilities, and in 2005 
considered the development of up to 1000 MW of wind generation facilities.  Detailed 
chronologic simulations have demonstrated that this 18% capacity penetration is feasible 
(10% energy penetration), but brings operating challenges and additional integration costs.  
In practice, as of 2012, the wind capacity in Manitoba is 254 MW, compared to the total 
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system capacity of 5500 MW; a capacity penetration of 2%.  The development program is on 
hold, and the energy penetration is not likely to reach over 5% in the foreseeable future. 

5.4 Overview 
A wind energy penetration rate of 10% is the maximum recommended for the Island of 
Newfoundland system due to the uncertainty of the technical and economic impacts at the 
higher penetration rates which are yet to be proven under isolated system circumstances. 
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6. Sensitivity Analysis – No Minimum Thermal Generation 
There are a minimum number of thermal units required in each month of the years of the 
simulation for voltage and frequency stabilization as well as for Avalon transmission and 
System peak load support as discussed in Section 2. 

An additional sensitivity analysis was carried out, without the requirement for minimum 
thermal generation.  Up to 600 MW of new wind generation was considered in this case and 
results are shown in Table 6-1.  The 2020 case was used for convenience.  This penetration 
level is higher than the 10% wind energy penetration that is considered to be the limiting 
value for an isolated system. 

In Table 6-1, the third column entitled “Usable Energy” is the maximum possible wind energy 
that could be assimilated into the system for the specified wind capacity.  At high installed 
wind capacities, the usable energy is less than the available 175 GWh per 50-MW wind 
generation increment, due to minimum loads relative to wind generation capability, i.e., the 
wind energy is “clipped”.  Note that the effectiveness of the wind in displacing thermal 
generation is reduced further than the clipping indicated in the “usable energy” column as 
shown in the last column. 

The wind efficiency is much higher in this case as compared to the analysis with minimum 
thermal generation.  The efficiency of displacing thermal generation is over 90% all the way 
up to 300 MW of new wind generation, and drops to 78% for the next 100 MW increment.  
This indicates that significantly more wind development could potentially be economically 
viable without the thermal minimal constraint.  However, it will likely be the mid-2030s before 
Holyrood will be replaced by generating sources capable of operating at no minimum and by 
that time the system will have already reached the recommended wind penetration level. 
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Table 6-1 Wind Impact Summary – No Minimum Thermal Generation 

New Wind 
Existing 

Wind 

   
Wind 

Efficiency 
at 

Displacing 
Thermal 

Wind  
Wind Energy Hydro Energy Thermal Energy Total 

Generation 

(GWh) (GWh) (GWh) (GWh) (GWh) (%) 

Installed 
Capacity 

(MW) 

Available 
Energy 

Usable 
Energy1 Energy Gen Δ Spill Δ Gen Δ Gen  

Base   283 7120  
576  1605  9008  

50 175.2 175.2 283 7112 -7.7 581 6 1438 -167.4 9008 95.6 

100 350.4 350.4 283 7112 -0.2 579 -2 1263 -175.2 9008 100.0 

150 525.5 525.5 283 7110 -2 578 -1 1090 -173 9008 98.6 

200 700.8 700.8 283 7100 -10 582 5 924 -166 9008 94.5 

300 1051.2 1051.2 283 7079 -21 600 17 595 -329 9008 94.0 

400 1401.6 1401.6 283 7003 -76 655 55 320 -275 9008 78.4 

450 1576.7 1576.5 283 6920 -83 708 54 228 -92 9008 52.4 

500 1752.0 1745.8 283 6817 -104 782 74 163 -66 9008 37.4 

550 1927.1 1903.2 283 6697 -119 875 92 124 -38 9008 21.9 

575 2014.8 1971.9 283 6639 -58 919 44 114 -10 9008 11.9 

600 2102.4 2034.2 283 6587 -52 959 40 104 -10 9008 11.6 
Note: 
1) Usable Energy is the Available Energy less wind clipped 
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7. Conclusions 
Hatch has carried out an evaluation of how much additional wind generation can be added to 
the Island of Newfoundland system, from an economic and technical point of view, assuming 
no interconnection to neighbouring power systems.   In addition, the technical limitations of 
additional wind generation due to voltage and stability limitations were reviewed.  This was 
followed by a review of worldwide experience with wind generation to establish a 
recommended upper limit of wind penetration for the isolated power system in Newfoundland. 

Vista modelling was undertaken to determine the level of thermal displacement for increasing 
installed wind generation capacities in four load forecast years. 

In 2014, the first 25-MW increment of wind generation is 84% effective at displacing thermal 
energy, and the successive increments of 50 MW have displacement efficiencies of 80%, 
67%, 45% and 36%.  Following consultation with Nalcor, subsequent simulations assumed 
that 25 MW of new wind generation would be developed prior to 2020. 

In 2020, the first 50-MW increment of wind generation is 77% effective at displacing thermal 
energy, and the successive increments have displacement efficiencies of 54%, 44%, 23% 
and 13%.  Following consultation with Nalcor, subsequent simulations assumed that 50 MW 
of new wind generation would be developed prior to 2025. 

By 2025, the load will have grown and the system will be able to absorb additional wind 
energy.  The first 50-MW increment of wind generation is 97% effective at displacing thermal 
energy, and the successive increments have displacement efficiencies of 88%, 71% and 
47%.  Following consultation with Nalcor, subsequent simulations assumed that 150 MW of 
new wind generation would be developed prior to 2035. 

By 2035, the load has grown further, and the system will be better able to absorb wind 
energy.  The first 50-MW increment of wind generation is 97% effective at displacing thermal 
energy, and the successive increments have displacement efficiencies of 93%, 93% and 
71%. 

With an additional 150 MW in 2035 or soon after, the total installed wind capacity would be 
375 MW plus the refurbished/replacement 50 MW; for a total of 425 MW.  The gross wind 
energy production will be 1489 GWh/y, compared to the total island annual energy production 
of 10,369 GWh/y; indicating a gross wind energy penetration of 14%. 

In the Vista modelling done for this study, the average operating levels for the Meelpaeg and 
Long Pond reservoirs increase by over 2 m in 2020, 1.5 m in 2025, and 1.25 m in 2035, for 
the 200 MW wind penetration cases.  This is the primary causative factor for increased spill, 
lower hydro generation efficiencies, and thus reduced thermal displacement efficiency. 

The conclusions reached above are based on study results that focused primarily on macro 
energy penetration, without detailed consideration of hourly variations required for load 
balancing, as well as real-time regulation issues to maintain frequency. 
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Following further wind measurements at prospective wind generation sites, and before 
proceeding beyond 100 MW of new wind generation, it is recommended that a further more 
detailed wind integration study be undertaken to evaluate the hourly chronologic operation of 
the system with due consideration to wind uncertainty and additional reserves that will be 
needed to regulate the wind generation resource.  This study should also assess the statistics 
of load variations in combination with the wind variations at specific prospective wind 
generation sites in order to define appropriate reserve margins. 

The technical limitations of additional wind generation due to voltage and stability limitations 
were reviewed.  The findings were that wind penetration levels up to 225 MW and 300 MW 
could be tolerated under light load conditions for 2020 and 2035, respectively.  Under peak 
load conditions 500 MW is the limit in both years analyzed.  These limits are based on the 
assumption that sufficient reactive power and voltage support resources will be provided at 
the points of interconnections of the wind farms to be incorporated into the island power 
system of Newfoundland. 

Based on current worldwide experience, and planned wind penetration programmes, it would 
be prudent to assume that the total viable wind penetration in 2035 is less than the 425 MW 
noted above.  It is recommended that the total wind penetration to be used in the integration 
plan be nominally 300 MW to allow for the noted complexities and their associated costs.  
Therefore, considering the existing wind farms (54 MW existing/50 MW replacement), the 
development plan to be advanced could be as follows: 

· 2015  50 MW 

· 2020  50 MW 

· 2025  50 MW 

· 2030  50 MW 

· 2035  50 MW 

This would yield a wind generation penetration in 2035 of 300 MW in capacity yielding a 10% 
energy penetration, which is consistent with a high penetration in isolated power systems. 
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Figure A-1 Meelpaeg Levels:  Base Case – 2020 

 
Figure A-2 Meelpaeg Levels:  200 MW Wind – 2020 
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Figure A-3 Long Pond Levels:  Base Case – 2020 

 
Figure A-4 Long Pond Levels:  200 MW Wind – 2020 
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Figure A-5 Meelpaeg Levels:  Base Case – 2025 

 

 
Figure A-6 Meelpaeg Levels 200 MW Wind – 2025 
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Figure A-7 Long Pond Levels:  Base Case – 2025 

 
Figure A-8 Long Pond Levels 200 MW Wind – 2025 
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Figure A-9 Meelpaeg Levels Base Case – 2035 

    
Figure A-10 Meelpaeg Levels:  200 MW Wind – 2035 
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Figure A-11 Long Pond Levels: Base Case – 2035 

 
Figure A-12 Long Pond Levels 200 MW Wind – 2035 
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1. Executive Summary 
 

This study investigated the technical limitations of wind integration into the Isolated Island grid of 

Newfoundland and Labrador Hydro for the base years of 2020 and 2035. The focus of technical 

limitations was both voltage regulation and system stability constraints for extreme light loading and 

expected peak loading for the base years referenced. These results provided the maximum wind power 

penetration levels for the study years for both peak and light load conditions. 

 

The 2010 “NLH Island Demand & Energy Requirements 2018 to 2067” was utilized as the basis for both 

peak and light load models. The extreme light load is based on approximately 26% of NP and NLH rural 

peak loading while the industrial customers loading was estimated at 78% of forecasted peak to account 

for loading coincidents. 

 

Distributed wind generating plants were assumed to consist of 9 x 3MW Doubly Fed Induction 

Generators (DFIG), similar to that of the existing Fermeuse and St. Lawrence wind plants. Twenty (20) 

wind farms were modeled across the Island with the maximum output of each wind turbine plant at 

25MW with VAR capability of +/- 13.5MVARs per plant (1.5MVARs per unit). 

 

For the study years of 2020 and 2035, the following system additions have been added to NLH’s current 

system isolated island model. 

2020 

1. New 230kV line from Bay d’Espoir to Western Avalon Terminal Station. 

2. New 25MW wind farm added, assumed to be located at Bay Bulls with POI at Goulds 66kV bus. 

3. Island Pond (36MW hydro – Kaplan unit). 

4. Round Pond (18MW hydro – Kaplan unit). 

5. Portland Creek (2 x 11.5MW hydro – Pelton unit). 

6. New 125MVA transformer added at Oxen Pond Terminal Station. 

7. New 20MVAR shunt reactor added at Bottom Brook 230kV bus. 

2035 

1. New 170MW CCCT at Holyrood.  

2. Two (2) 50MW gas turbines at Hardwoods Terminal Station with a Brush generator of 165.9MVA 

rating for synchronous condenser operation. 

3. One (1) 50MW gas turbines at Stephenville Terminal Station with a Brush generator of 

165.9MVA rating for synchronous condenser operation. 

 

Load flow analysis of the two base case years of 2020 and 2035 indicate that there are no steady state 

restrictions up to and including 500 MW of wind power generation for the Isolated Island option. 500 

MW was the maximum steady state wind generation dispatch analysed due to the fact that NLH 

generation at extreme light load conditions approaches this value. The practical steady state limit during 

extreme light load conditions would be limited to 375MW due to other NUG generation dispatch of 

approximately 125MW. 

GT-SC-NLH-005, Attachment 2 
Page 5 of 166, 100 MW Combustion Turbine Generation - Holyrood



 

2 
 

Transient stability analysis of the two base case years indicate a maximum wind dispatch level of 225 

MW and 300 MW for the 2020 and 2035 Extreme Light Load cases respectively. This is based on a 

sudden load increase of 15 MW causing a frequency decline to 59.6 Hz which was the pre-defined 

criteria for frequency deviation. There was no restriction up to and including 500 MW of wind 

generation for peak loading periods of 2020 and 2035. System events on the 230kV system such as three 

phase and line to ground faults that were cleared within normal operating times did not adversely affect 

operation of the wind generation due to the advances of the Low Voltage Ride Through (LVRT) 

capability. Table 1 below summarizes the resulting restrictions as a result of the transient stability 

analysis. 

Table 1 
Maximum Wind Generation Dispatch 

Stability Analysis Results 

Year 

Extreme Light Load Peak Load 
Wind 

Generation 
Level (MW) 

Wind 
Penetration 

Level  (%) 

System 
Inertia 
(MW.s) 

Wind 
Generation 
Level (MW) 

Wind 
Penetration 

Level  (%) 

System 
Inertia 
(MW.s) 

2020 225 36.8 3340 500 28.5 7197 

2035 300 43.8 3340 500 24.8 7509 

 

 

Based on the studies conducted, the transient stability constraint is found to be the limiting factor in 

determining the amount of wind penetration during the extreme light load conditions. Thus, it is 

recommended that no more than 225MW and 300MW of net wind generation is dispatched during the 

extreme light load conditions during the years 2020 and 2035, respectively. However, the extreme light 

loading conditions are likely to occur for very short durations of the year, particularly during night hours 

of the summer season, when the wind generation profile is usually at its minimum. Thus, it is anticipated 

that the available wind generation under light load conditions is in close proximity to the wind 

penetration level limited by the transient stability constraint.  It is recommended that historical wind 

data be obtained for potential wind sites across the island. This data can then be used to determine time 

and duration of minimal wind generation profiles coinciding with minimum system loading.    

Overall analysis indicates that the current wind generation technology of the Doubly Fed Induction 

Generator (DFIG) model, similar to the Vestas V90 used in St. Lawrence and Fermeuse, provides voltage 

support on the island when dispatch is widely distributed (ie. wind farms are geographically dispersed) .  

As well, the control system of the DFIG model aids in frequency response control for the first 5-7 

seconds during certain system events, such as loss of generation or sudden load increase. This is 

accomplished by converting the kinetic energy of the spinning turbine blades into excess power which, 

in turn allows time for conventional generation governors to respond to system conditions. 

 

The analysis presented in this report does not assume time varying wind patterns and further analysis is 

recommended to simulate its effect on overall system frequency control. It is believed that high wind 

penetration levels on the island system could cause larger frequency deviations than currently 

experienced without additional fast acting counter measures. These could include high inertia 
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synchronous condensers or high speed flywheel energy storage / regulation plants to minimize 

frequency deviations as a result of time varying wind patterns.  

 

The analysis also highlights the importance of geographically diversifying wind farms to avoid 

simultaneous loss of nearby wind farms due to high wind speeds and subsequent system load shedding. 

In the absence of detailed wind surveys, it is recommended that future wind farm developments should 

be geographically dispersed to avoid the possibility of this event from occurring. As well, detailed study 

is recommended to investigate alternate solutions of avoiding under frequency load shedding due to 

loss of multiple wind farms. Possible solutions may include high speed flywheel energy storage systems 

and dispatch of fast response generation such as gas turbines during periods of predicted high wind and 

high wind penetration.  
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2. Introduction 
 

This study will investigate the technical limitations of wind integration into the Isolated Island grid of 

Newfoundland and Labrador Hydro for the base years 2020 and 2035. The focus of technical limitations 

will be both voltage regulation and system stability constraints for extreme light loading and expected 

peak loading for the base years referenced. These results will provide maximum wind power 

penetration levels for the study years for both peak and light load conditions.   
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3. Study Parameters 
 

3.1.  Load Forecast 
 

The 2010 “NLH Island Demand & Energy Requirements 2018 to 2067” load forecast was utilized as the 

basis for both peak and light load models. Appendix A outlines this forecast for NLH Total Requirements 

which consists of major customers and estimated losses.  The NLH Annual Average System Generation 

Load Shape for the years 2008-2011 is illustrated in Figure 1. This load shape was used to estimate the 

system extreme light load NLH system generation that can be expected. Appendix B outlines the 

estimated 

 

Figure 1 
2008-2011 NLH Annual Average System Generation Load Shape 

 

system loadings for the years 2014, 2020, 2030 and 2035. The extreme light load is based on 

approximately 26% of NP and NLH rural peak loading while the industrial customers loading was 

estimated at 78% of forecasted peak to account for load coincidence. 

 

3.2. PSS®E Modeling – Wind Plants 
 

PSS®E Version 32.1.1 was used for all analysis. 
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For study purposes, distributed wind generating plants were assumed to consist of 9 x 3MW Doubly Fed 

Induction Generators, similar to that of the existing Fermeuse and St. Lawrence wind plants. Twenty (20) 

wind farms were modeled across the island, as listed in Table 2.  It is assumed that the maximum output 

of each wind turbine plant will be 25MW with VAR capability of +/- 13.5MVARs per plant (1.5MVARs per 

unit).  Individual machines are not modeled in steady state or stability, but combined to act as a 

coherent group for analysis purposes. In steady state, normal dispatch will have all wind plants 

operating at unity terminal bus voltage, with VAR limits set at 0.96pf based on MW loading of the units.  

 

Table 2 
Listing of Distributed Wind Generating Plants Modeled on Island Grid 

 

No. Plant Region Bus # 
Point of Interconnection (POI) 

Location Bus # 

1 Doyles WG1 Western 1001 Doyles 66kV 201 

2 Doyles WG2 Western 1002 Doyles 66kV 201 

3 Stephenville WG1 Western 1003 Stephenville 66kV 204 

4 Stephenville WG2 Western 1004 Stephenville 66kV 204 

5 Massey Drive WG1 Western 1005 Massey Drive 66kV 115 

6 Peter’s Barren WG1 GNP 1006 Peter’s Barren 66kV 121 

7 Bear Cove WG1 GNP 1007 Bear Cove 138kV 134 

8 Buchans WG1 Central 1008 Buchans 66kV 151 

9 Springdale WG1 Central 1009 Springdale 138kV 113 

10 Cobb’s Pond WG1 Central 1010 Cobb’s Pond 66kV 316 

11 St. Lawrence WG1 Burin Peninsula 1011 St. Lawrence 66kV 372 

12 St. Lawrence WG2 Burin Peninsula 1012 St. Lawrence 66kV 372 

13 Sunnyside WG1 Western Avalon 1013 Sunnyside 138kV 223 

14 Sunnyside WG2 Western Avalon 1014 Sunnyside 138kV 223 

15 Fermeuse WG1 Eastern Avalon 1015 Goulds 66kV 457 

16 Bay Bulls WG1 Eastern Avalon 1016 Goulds 66kV 457 

17 Goulds WG1 Eastern Avalon 1017 Goulds 66kV 457 

18 Kelligrews WG1 Eastern Avalon 1018 Kelligrews 66kV 348 

19 Bay Roberts WG1 Eastern Avalon 1019 Bay Roberts 66kV 309 

20 Heart’s Content WG1 Eastern Avalon 1020 Heart’s Content 66kV 501 

 

For dynamic modeling, PSS®E Generic Wind model “Type 3” of a doubly fed induction generator was 

used. This model is comprised of four individual models as follows: 

i) WT3G1 -  Generator / converter model 

ii) WT3E1 –  Converter control model 

iii) WT3T1 – Wind Turbine Torsional model (two mass) 

iv) WT3P1 – Pitch Control model 

The dynamic data for these models were obtained from two sources, i) Draft “WECC Wind Power Plant 

Dynamic Modeling Guide – August 2010” and ii) “Evaluation of the DFIG Wind Turbine Bulit-in Model in 

PSS/E” prepared by Mohammad Seyedi, University of Technology, Goteborg, Sweden, June 2009. 

Appendix C contains the data sheets used for this study. 
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Low Voltage Ride Through (LVRT) capability of DFIG has been modeled in stability using the “VTGDCA” 

user model which can be viewed in the dynamics data file. This LVRT function has been replicated using 

the Vestas V90 model, as shown in Figure 2.  If voltage at the wind turbine plant’s terminal bus goes 

below the curve for corresponding time interval, then that plant is disconnected from the electrical 

system model. 

Figure 2 
Low Voltage Ride Through Capability of Vestas V901 

 
Frequency protection has also been modeled in PSS®E using the ”FRQDCA” user model as outlined in the 

dynamics data file. The protection settings used in this analysis are as follows: 

 

Over Frequency Setting:  61.2 Hz for 0.2 seconds 

Under Frequency Setting: 56.4 Hz for 0.2 seconds.  

 

3.3. New Generation Sources / Model Additions 
 

For the study years of 2020 and 2035, the following system additions have been added to NLH’s existing 

PSS®E system isolated island model. 

2020 

1. New 230kV line from Bay d’Espoir to Western Avalon Terminal Station. 

2. New 25MW wind farm added, assumed to be located at Bay Bulls with POI at Goulds 66kV bus, 

Fermeuse 25MW wind farm modeled as connected directly to Goulds 66kV bus as well. 

3. Island Pond (36MW hydro – Kaplan unit) added, modeling data assumed similar to Granite 

Canal. 

                                                           
1
 Vestas – Documentation of VCRS PSS/E Model rev. 5.5 VCRS-Turbines, Dynamic Simulation for Advanced Grid 

Option (AGO2), 2006. 
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4. Round Pond (18MW hydro – Kaplan unit) added, modeling data assumed similar to Granite 

Canal. 

5. Portland Creek (2 x 11.5MW hydro – Pelton unit) added, modeling data assumed similar to Cat 

Arm. 

6. New 125MVA transformer added at Oxen Pond Terminal Station. 

7. New 20 MVAR shunt reactor added at Bottom Brook 230kV bus. 

2035 

1. New 170MW CCCT at Holyrood. This is modeled as two units, a steam unit with maximum 

output of 59MW and a gas turbine with maximum output of 111MW. The steam unit will only 

have generator modeled in dynamics while the gas turbine will be modeled similar to the 

existing Hardwoods Gas Turbine.  

2. The existing Hardwoods Gas Turbine is replaced with two (2) new 50MW gas turbines with 

modeling similar to existing Hardwoods Gas Turbine with exception of the electrical generators 

which will be modeled as Brush generators with maximum rating of 165.9MVA each. The gas 

generator will only be rated for 50MW, but the increased size of the generator will be for 

synchronous condenser operation. 

3. The existing Stephenville  Gas Turbine is replaced with a new 50MW gas turbine with modeling 

similar to existing Hardwoods Gas Turbine with exception of the electrical generator which will 

be modeled as a Brush generator with maximum rating of 165.9MVA. The gas generator will 

only be rated for 50MW, but the increased size of the generator will be for synchronous 

condenser operation. 

 

3.4. Power System Planning and Operating Criteria 

 
The following System Planning and Operating Criteria were used as the basis for this study: 

 

3.4.1. Voltage Criteria 

 

Under normal conditions the transmission system is operated such that the voltage is maintained 

between 95% and 105% of nominal. During contingency events the transmission system voltage is 

permitted to vary between 90% and 110% of nominal prior to operator intervention. Following an event, 

operators will take steps (ie. Re-dispatch generation, switch equipment in/out of service, curtail 

load/production) to return the transmission system voltage to the 95% to 105% normal operating range.  

 

3.4.2. Stability Criteria 

 

Control of frequency on the Island System is the responsibility of NLH’s generating stations. Adding non-

dispatchable generation to the Island may result in fewer of NLH’s dispatchable generation resources 

being on line. As fewer generators are left to control system frequency, frequency excursions become 

magnified for the same change in load. A theoretical point can be reached where the slightest increase 

in load will cause the system to become unstable. NLH’s criteria with regard to dynamic stability are as 

follows: 
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 NLH’s generation must be able to return the system frequency to nominal following a sudden 

increase in load or a sudden decrease in load (load rejection); 

 The transmission system must be able to withstand the rejection of 74.3MW of load (existing 

model used for Voisey Bay Nickel site). 

 The system must be able to withstand the sudden step change in load of 15MW such that 

system frequency does not fall below 59.6 Hz. Given that the first stage of under frequency load 

shedding scheme incorporates relays settings at 59.5 Hz it is prudent not to encroach upon that 

level and risk the potential of false under frequency load trips and associated customer 

interruptions. 

 The frequency must not remain above 61.2 Hz for more than 0.2 seconds based upon Vestas 

wind turbine protection settings. 

 The system must be able to survive the loss of the largest on line generator with accompanying 

load shedding. 

 The system must be able to withstand a three phase fault on 230kV transmission system for 6 

cycles and subsequent tripping of faulted line. System shall not survive a 3 phase fault at Bay 

d’Espoir generating station and this contingency shall not be considered as it has also been ruled 

out as a survivable contingency in the Interconnected Island case with Muskrat Falls. 

 The system shall survive an unsuccessful L-G fault on the 230kV system.  

 Minimal accepted frequency of 58.0 Hz during system events. Frequencies at this value should 

trigger under frequency load shedding which shall return system frequency to acceptable levels. 

 Minimal accepted frequency of 59.0 Hz for 15 seconds or less. Frequency values beyond this 

range shall cause load shedding to restore system frequency to acceptable levels. 

 

3.5. Simulated Events 
 

The following contingency events  were simulated to observe steady state system performance against 

above criteria: 

 

1. Loss of 230kV line TL233 (Bottom Brook to Buchans) 

2. Loss of 230kV line TL211 (Bottom Brook to Massey Drive) 

3. Loss of 230kV line TL228 (Massey Drive to Buchans) 

4. Loss of 230kV line TL248 (Massey Drive to Deer Lake) 

5. Loss of 230kV line TL232 (Buchans to Stony Brook) 

6. Loss of 230kV line TL231 (Stony Brook to Bay d’Espoir) 

7. Loss of 230kV line TL202 (Bay d’Espoir to Sunnyside) 

8. Loss of 230kV line TL217 (Western Avalon to Holyrood) 

9. Loss of Holyrood Unit No. 3 when in synchronous condenser mode 

The following system events were simulated to obtain dynamic system responses for various load 

configurations and wind turbine penetration levels: 

i) Load rejection of 74.3 MW from Voisey Bay Nickel processing facility (load buses 231, 239, 256, 

257). 

ii) Survive loss of the largest on line generator . 
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iii) Sudden load increase of 15MW at VBN (bus 231). 

iv) Three phase fault for 6 cycles followed by subsequent tripping of 230kV transmission lines at the 

following locations: 

 Hardwoods Terminal Station (trip TL242) 

 Sunnyside Terminal Station (trip TL202) 

 Bottom Brook Terminal Station (trip TL233) 

 Stony Brook Terminal Station (trip TL231) 

v) Line to ground fault followed by unsuccessful reclose and eventual trip of the following lines: 

 TL242 (fault at Holyrood end) 

 TL202 (fault at Sunnyside end) 

3.6. Study Assumptions 
 

The following assumptions were used in the analysis: 

i) Extreme light loading corresponds to worst case scenario and is estimated to be 490MW in 2020 

and 557MW in 2035. This corresponds to an estimated NLH Island Generation of 511MW and 

581MW respectively. This loading level includes NLH supplied load only and not include 

customer supplied load such as Kruger or NP. 

ii) Forecasted peak loading is estimated to be 1539MW in 2020 and 1798MW in 2035. This 

corresponds to an estimated NLH Island Generation of 1587MW and 1853MW respectively. 

iii) Wind generators provide VAR support. 

iv) Wind generation is assumed widely distributed as outlined in Table 1. 

v) Wind dynamic model implementation assumes that the wind speed is constant during the 

typical dynamic simulation run (10 to 30 seconds) therefore, dynamics associated with changes 

in wind power are not considered.  
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4. Technical Analysis 
 

The determination of maximum wind penetration levels to the Isolated Island system of Newfoundland 

& Labrador was made by analyzing both voltage regulation (steady state) and transient stability of 

various wind generation dispatch levels. Twenty (20) individual wind turbine plants were modeled, each 

with a maximum output of 25MW for a maximum total of 500MW, in a distributed fashion throughout 

the Island grid. Maximum wind generation of 500MW was chosen as it represented approximately 100% 

of the NLH generation for 2020 Extreme Light Load case. Wind generation dispatch levels were 

progressively increased by increments of 25MW each for four (4) base cases to determine voltage and 

stability limitations, these cases were as follows: 

i. 2020 Extreme Light Load Case 

ii. 2020 Peak Load Case 

iii. 2035 Extreme Light Load Case 

iv. 2035 Peak Load Case 

 

4.1. Voltage Regulation Results 
 

Load flows were completed for each base case listed above as well as nine (9) single element 

contingencies as outlined in Section 3.5 by varying the wind generation dispatch level. The following 

results are presented for each case and its associated maximum wind generation penetration level. 

 

4.1.1. 2020 Extreme Light Load 

 

Maximum wind penetration of 500MW was achieved in the steady state load flow case with the 

generation dispatch levels presented in Table 3 below. 

 

Table 3 
Generation Dispatch Levels 

2020 Extreme Light Load Base Case 

Generation 
Source 

Generation 
Dispatch Level 

(MW) 

Percent of Total 
Generation 

NLH 19.2 1 3.1 % 

Kruger 97.1 15.7 % 

Wind 500 81.0 % 

Total 616.3 100 % 

 

Notes 

1. BDE Unit 1 on for 19.2MW, BDE7 / CAT2 / HRD3 / HWD GT / SVL GT all in Sync. Cond. Mode 

 

Appendix D graphically shows the results of both the overall system and the 20 wind turbine sites. There 

are no voltage concerns with distributed generation throughout the island as the wind generation 
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sources are capable of contributing to voltage support.  Table 4 below outlines the results of the nine 

single element contingency events.  

Table 4 
Single Element Contingency with 500MW Wind Generation 

2020 Extreme Light Load Base Case 

 

Contingency 
Event Description Results Mitigation 

1 TL233 Outage Low voltage on west coast, 
greater than 0.90 pu 

Wind turbine and SVL G.T. 
voltage setpoint adjustment 
solves low voltage concerns 

2 TL211 Outage Low voltage on west coast, 
greater than 0.90 pu 

Wind turbine and SVL G.T. 
voltage setpoint adjustment 
solves low voltage concerns 

3 TL228 Outage Low voltage on west coast, 
greater than 0.90 pu 

Wind turbine and SVL G.T. 
voltage setpoint adjustment 
solves low voltage concerns 

4 TL248 Outage Low voltage at BBK, MDR, SVL  – 
High voltage at DLK > 1.10pu 

Cat Arm units needed to 
operate in S.C. mode to 
avoid overvoltage at DLK. 
Wind turbine and SVL G.T. 
voltage setpoint adjustment 
solves low voltage concerns 

5 TL232 Outage No voltage or overload violations None 

6 TL231 Outage No voltage or overload violations None 

7 TL202 Outage No voltage or overload violations None 

8 TL217 Outage No voltage or overload violations None 

9 HRD SC #3 Outage Extreme low voltages on east 
coast 

Capacitor banks at HWD and 
OPD to be in-service prior to 
loss of HRD SC#3 

 

 

Theoretically, 500 MW of wind generation can be placed on the island isolated system from a steady 

state point of view with no voltage or overloading concerns for the 2020 Extreme Light Load Base case 

and associated contingencies. 

 

With 500 MW of wind dispatched in the extreme  light load case, existing Non Utility Generators (NUGs) 

have been turned off, this in reality is non dispatchable generation that Newfoundland & Labrador 

Hydro would utilize before non dispatchable wind generation. Presently, there is approximately 125 MW 

of NUGs available, excluding the existing 50 MW of wind generation. Therefore the practical steady 

state limit of non dispatchable wind generation under extreme light loading would be 375 MW.  

 

4.1.2. 2020 Peak Load 

 

Maximum wind penetration of 500MW was achieved in the steady state load flow case with the 

generation dispatch levels presented in Table 5 below.  
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Table 5 
Generation Dispatch Levels 
2020 Peak Load Base Case 

Generation 
Source 

Generation 
Dispatch Level 

(MW) 

Percent of Total 
Generation 

NLH 1 1127.9 64.9 % 

Kruger 109.1 6.3 % 

Wind 500 28.8 % 

Total 1737.0 100 % 

 

Notes: 

1. NLH generation is combination of NLH, Exploits and NUGs 

 

Appendix E graphically shows the results of both the overall system and the 20 wind turbine sites. There 

are no voltage concerns with the distributed generation throughout the island as the wind generation 

sources are capable of contributing to voltage support.  Table 6 below outlines the results of the nine 

single element contingency events.  

 

Table 6 
Single Element Contingency with 500MW Wind Generation 

2020 Peak Load Base Case 

 

Contingency 
Event Description Results Mitigation 

1 TL233 Outage No voltage or overload violations None 

2 TL211 Outage No voltage or overload violations None 

3 TL228 Outage No voltage or overload violations None 

4 TL248 Outage 
(Current protection 
scheme has tripping 
of TL247 and loss of 
Cat Arm generation 
if total generation 
exceeds 75MW, 
thus U/F load 
shedding is likely) 

Voltages low on 230kV buses West 
Coast, line overloads on the 
following lines: 

i) TL222 – 115% 
ii) TL223 – 125% 
iii) TL224 – 142% 
iv) TL225 – 169% 

Reduction of Cat Arm hydro 
generation and re-dispatch 
to Bay d’Espoir alleviates 
overloading issues. 
Transformer tap setting and 
generator voltage setpoint 
changes eliminate voltage 
issues.   

5 TL232 Outage No voltage or overload violations None 

6 TL231 Outage No voltage or overload violations None 

7 TL202 Outage Low voltage at VBN, no overload 
violations 

HRD output increased from 
210 to 240 MW 

8 TL217 Outage No voltage or overload violations None 

9 HRD #3 Outage Extreme low voltages on east 
coast, < 0.90pu 

HRD G1 and G2 output 
increased to 100 MW each. 

 

500 MW of wind generation can be placed on the island isolated system from a steady state point of 

view with no voltage or overloading concerns for the 2020 Peak Load Base case and associated 
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contingencies. Re-dispatch of hydro generation would be required for line outage contingency of TL248 

(DLK-MDR).  

 

4.1.3. 2035 Extreme Light Load 

 

Maximum wind penetration of 500MW was achieved in the steady state load flow case with the 

generation dispatch levels presented in Table 7 below. 

Table 7 
Generation Dispatch Levels 

2035 Extreme Light Load Base Case 

Generation 
Source 

Generation 
Dispatch Level 

(MW) 

Percent of Total 
Generation 

NLH 109.5 (Note 1) 15.5 % 

Kruger 97.1 13.7 % 

Wind 500 70.8 % 

Total 706.6 100 % 

 

Note 1: BDE Unit 1 on for 28.5MW, BDE7 on for 81MW, CAT2 / HRD3 / HWD GT / SVL GT all in Sync. 

Cond. Mode 

 

 

Appendix F graphically shows the results of both the overall system and the 20 wind turbine sites. There 

are no voltage concerns with the distributed generation throughout the island as the wind generation 

sources are capable of contributing to voltage support.  Table 8 below outlines the results of the nine 

single element contingency events.  
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Table 8 
Single Element Contingency with 500MW Wind Generation 

2035 Extreme Light Load Base Case 

 

Contingency 
Event 

Description Results Mitigation 

1 TL233 Outage No voltage or overload violations None 

2 TL211 Outage Slightly high voltages at BBK and 
SVL, greater than 1.05 pu 

SVL G.T. voltage setpoint 
adjustment solves high 
voltage concerns 

3 TL228 Outage No voltage or overload violations None 

4 TL248 Outage No voltage or overload violations None 

5 TL232 Outage No voltage or overload violations None 

6 TL231 Outage No voltage or overload violations None 

7 TL202 Outage No voltage or overload violations None 

8 TL217 Outage No voltage or overload violations None 

9 HRD SC #3 Outage No voltage or overload violations None 

 

 

500 MW of wind generation can be placed on the island isolated system from a steady state point of 

view with no voltage or overloading concerns for the 2035 Extreme Light Load Base case and associated 

contingencies. 

 

With 500 MW of wind dispatched in the extreme  light load case, existing Non Utility Generators (NUGs) 

have been turned off, this in reality is non dispatchable generation that Newfoundland & Labrador 

Hydro would utilize before non dispatchable wind generation. Presently, there is approximately 125 MW 

of NUGs available, excluding the existing 50 MW of wind generation. Therefore the practical steady 

state limit of non dispatchable wind generation under extreme light loading would be 375 MW. 

4.1.4. 2035 Peak Load 

 

Maximum wind penetration of 500MW was achieved in the steady state load flow case with the 

generation dispatch levels presented in Table 9 below. 

Table 9 
Generation Dispatch Levels 
2035 Peak Load Base Case 

Generation 
Source 

Generation 
Dispatch Level 

(MW) 

Percent of Total 
Generation 

NLH 1402.5 69.7 % 

Kruger 109.1 5.4 % 

Wind 500 24.9 % 

Total 2011.6 100 % 
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Appendix G graphically shows the results of both the overall system and the 20 wind turbine sites. There 

are no voltage concerns with the distributed generation throughout the island as the wind generation 

sources are capable of contributing to voltage support.  Table 10 below outlines the results of the nine 

single element contingency events.  

 

Table 10 
Single Element Contingency with 500MW Wind Generation 

2035 Peak Load Base Case 

 

Contingency 
Event Description Results Mitigation 

1 TL233 Outage No voltage or overload violations None 

2 TL211 Outage No voltage or overload violations None 

3 TL228 Outage No voltage or overload violations None 

4 TL248 Outage Low voltage on 230kV bus at MDR, 
line overloads on the following 
lines: 

i) TL222 – 107% 
ii) TL223 – 118% 
iii) TL224 – 137% 
iv) TL225 – 169% 

Reduction of Cat Arm hydro 
generation and re-dispatch 
to Bay d’Espoir alleviates 
overloading issues. 
Transformer tap setting and 
generator voltage setpoint 
changes eliminate voltage 
issues. 

5 TL232 Outage No voltage or overload violations None 

6 TL231 Outage No voltage or overload violations None 

7 TL202 Outage Low voltages at WAV / SSD / VBN, 
TL206 at 106% rating 

HRD output increased from 
340 to 400 MW to mitigate 
voltage and overload issues 

8 TL217 Outage Low voltages at WAV / SSD / VBN HRD output increased from 
340 to 400 MW to mitigate 
voltage issues 

9 HRD #3 Outage Extreme low voltages on east 
coast, < 0.90pu, generation deficit 

HRD G1 and G2 output 
increased to 120 MW each 
to make up for deficit. 

 

 

500 MW of wind generation can be placed on the island isolated system from a steady state point of 

view with no voltage or overloading concerns for the 2035 Peak Load Base case and associated 

contingencies. Re-dispatch of hydro generation would be required for line outage contingency of TL248 

(DLK-MDR). 

 

4.2. Transient Stability Results 
 

Transient stability analysis was performed on each of the four base cases by incrementing the wind 

power generation dispatch to the island grid by 25 MW and determining the dispatch level that violated 

the stability criteria outlined previously. The following system events were simulated: 
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i) Load rejection of 74.3 MW from Voisey Bay Nickel processing facility; 

ii) Survive loss of the largest on line generator; 

iii) Sudden load increase of 15MW at VBN; 

iv) Three phase fault for 6 cycles followed by subsequent tripping of 230kV transmission lines at the 

following locations: 

 Hardwoods Terminal Station (trip TL242); 

 Sunnyside Terminal Station (trip TL202); 

 Bottom Brook Terminal Station (trip TL233); 

 Stony Brook Terminal Station (trip TL231) 

v) Line to ground fault followed by unsuccessful reclose and eventual trip of the following lines: 

 TL242 (fault at Holyrood end) – 30 cycle reclose time; 

 TL202 (fault at Sunnyside end) – 45 cycle reclose time 

 Results indicate that maximum wind generation dispatch for the extreme light load base cases was 

determined by the sudden load increase of 15MW, which brought system frequency close to 59.6 Hz. 

The following sections outline the stability results of each base case year’s maximum wind generation 

dispatch level for the simulated system events. 

4.2.1. 2020 Extreme Light Load 
 

A maximum wind generation dispatch level of 225 MW was determined based on a sudden load 

increase of 15 MW causing system frequency to decline to 59.6 Hz. Table 11 outlines system generation 

production and inertia for the maximum wind generation dispatch level of 225 MW. Table 12 outlines 

the results of the stability analysis for each system event simulated. Appendix H graphically shows the 

results of each event studied for maximum wind generation. 

Table 11 
Generation Dispatch Levels 

2020 Extreme Light Load Base Case 
 

Generation 
Source 

Generation 
Dispatch Level 

(MW) 

Percent of Total 
Generation Inertia (MW.s) 

NLH 278.0 45.4 % 2685 

Kruger 109.1 17.8 % 655 1 

Wind 225 36.8 % 0 

Total 612.1 100 % 3340 

 

Note 1: Comprised of motor and generator inertia (168 and 487 respectively) 
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Table 12 
Stability Results for 225 MW Wind Generation Dispatch Level 

2020 Extreme Light Load Base Case 

Case Description Stable 
Max 
Freq 
(Hz) 

Min 
Freq 
(Hz) 

Load 
Shedding 
Amount 

(MW) 

Wind 
Turbines 
Remain 

Connected 

Comments 

1 
Loss of VBN Load 

of 74.3 MW 
Yes 60.8 - 0 7 / 9 

Over frequency settings 
modified to trip before 
61.2Hz on several WT’s 

2 
Loss of Largest 

Unit (BDE 90MW) 
Yes - 58.3 44.0 9 / 9 

Frequency exceeds 59.0 
Hz after 19 seconds 

3 
Load Increase of 

15 MW 
Yes - 59.6 0 9 / 9 

Frequency level reached 
criteria 

4 
3Ph Flt at HWD 

(Trip TL242) 
Yes 60.3 - 0 9 / 9 No issues 1 

5 
3Ph Flt at SSD 
(Trip TL202) 

Yes 60.3 - 0 9 / 9 No issues 1 

6 
3Ph Flt at STB 
(Trip TL231) 

Yes 60.2 - 0 9 / 9 No issues 
1
 

7 
3Ph Flt at BBK 
(Trip TL233) 

Yes 60.1 - 0 9 / 9 No issues 1 

8 
LG Flt Near HRD 

on TL242 – 30cyc 
Yes 60.1 - 0 9 / 9 No issues 1 

9 
LG Flt Near SSD 

on TL202 – 45cyc 
Yes 60.1 - 0 9 / 9 No issues 1 

 

Note 1: LVRT Capability on wind turbines successful for this fault 

4.2.2. 2020 Peak Load 

 

A maximum wind generation dispatch level of 500 MW was observed to cause no issues from a transient 

stability point of view.  Table 13 outlines system generation production and inertia for the maximum 

wind generation dispatch level of 500 MW. Table 14 outlines the results of the stability analysis for each 

system event simulated. Appendix I graphically shows the results of each event studied for maximum 

wind generation. 

Table 13 
Generation Dispatch Levels 
2020 Peak Load Base Case 

Generation 
Source 

Generation 
Dispatch Level 

(MW) 

Percent of Total 
Generation Inertia (MW.s) 

NLH 1146.2 65.3 % 6542 

Kruger 109.1 6.2 % 655 1 

Wind 500 28.5 % 0 

Total 1755.3 100 % 7197 

 

Note 1: Comprised of motor and generator inertia (168 and 487 respectively) 
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Table 14 
Stability Results for 500 MW Wind Generation Dispatch Level 

2020 Peak Load Base Case 

 

Case Description Stable 
Max 
Freq 
(Hz) 

Min 
Freq 
(Hz) 

Load 
Shedding 
Amount 

(MW) 

Wind 
Turbines 
Remain 

Connected 

Comments 

1 
Loss of VBN Load 

of 74.3 MW 
Yes 60.4 - 0 9 / 9 No issues 

2 
Loss of Largest 

Unit (BDE 
110MW) 

Yes - 58.8 34.6 9 / 9 
Frequency exceeds 59.0 

Hz after 8 seconds 

3 
Load Increase of 

15 MW 
Yes - 59.9 0 9 / 9 No issues 

4 
3Ph Flt at HWD 

(Trip TL242) 
Yes 60.3 - 0 9 / 9 

Voltage at HRD Plant @ 
0.25pu, no loss of unit as 
generation <80 MW per 

unit 

5 
3Ph Flt at SSD 
(Trip TL202) 

Yes 60.4 - 0 9 / 9 

Voltage at HRD Plant @ 
0.45pu, no loss of unit as 
generation <80 MW per 

unit 

6 
3Ph Flt at STB 
(Trip TL231) 

Yes 60.1 - 0 9 / 9 No issues 1 

7 
3Ph Flt at BBK 
(Trip TL233) 

Yes 60.1 - 0 9 / 9 No issues 1 

8 
LG Flt Near HRD 

on TL242 – 30cyc 
Yes 60.1 - 0 9 / 9 No issues 

1
 

9 
LG Flt Near SSD 

on TL202 – 45cyc 
Yes 60.1 - 0 9 / 9 No issues 1 

 

Note 1: LVRT Capability on wind turbines successful for this fault 

 

4.2.3. 2035 Extreme Light Load 

 

A maximum wind generation dispatch level of 300 MW was observed based on a sudden load increase 

of 15 MW causing system frequency to decline to 59.6 Hz. Table 15 outlines system generation 

production and inertia for the maximum wind generation dispatch level of 300 MW. Table 16 outlines 

the results of the stability analysis for each system event simulated. Appendix J graphically shows the 

results of each event studied for maximum wind generation. 
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Table 15 
Generation Dispatch Levels 

2035 Extreme Light Load Base Case 

Generation 
Source 

Generation 
Dispatch Level 

(MW) 

Percent of Total 
Generation Inertia (MW.s) 

NLH 274.7 40.2 % 2685 

Kruger 109.1 16.0 % 655 1 

Wind 300 43.8 % 0 

Total 683.8 
2
 100 % 3340 

 

Note 1: Comprised of motor and generator inertia (168 and 487 respectively) 

Note 2: Dispatch levels differ slightly from Load Flow case as 18MW of Exploits Generation was netted 

with load because of convergence problems on Bus 29 during stability simulations. 

 

 

Table 16 
Stability Results for 300 MW Wind Generation Dispatch Level 

2035 Extreme Light Load Base Case 

 

Case Description Stable 
Max 
Freq 
(Hz) 

Min 
Freq 
(Hz) 

Load 
Shedding 
Amount 

(MW) 

Wind 
Turbines 
Remain 

Connected 

Comments 

1 
Loss of VBN Load 

of 74.3 MW 
Yes 60.8 - 0 7 / 9 

Over frequency settings 
modified to trip before 
61.2Hz on several WT’s 

2 
Loss of Largest 

Unit (BDE 81MW) 
Yes - 58.5 36.0 9 / 9 

Frequency exceeds 59.0 
Hz after 18 seconds 

3 
Load Increase of 

15 MW 
Yes - 59.6 0 9 / 9 

Frequency level reached 
criteria 

4 
3Ph Flt at HWD 

(Trip TL242) 
Yes 60.4 - 0 9 / 9 No issues 1 

5 
3Ph Flt at SSD 
(Trip TL202) 

Yes 60.5 59.5 0 9 / 9 No issues 1 

6 
3Ph Flt at STB 
(Trip TL231) 

Yes 60.6 - 0 9 / 9 No issues 1 

7 
3Ph Flt at BBK 
(Trip TL233) 

Yes 60.6 - 0 9 / 9 No issues 
1
 

8 
LG Flt Near HRD 

on TL242 – 30cyc 
Yes 60.1 - 0 9 / 9 No issues 1 

9 
LG Flt Near SSD 

on TL202 – 45cyc 
Yes 60.1 - 0 9 / 9 No issues 1 

 

Note 1: LVRT Capability on wind turbines successful for this fault 
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4.2.4. 2035 Peak Load 

 

A maximum wind generation dispatch level of 500 MW was observed to cause no issues from a transient 

stability point of view.  Table 17 outlines system generation production and inertia for the maximum 

wind generation dispatch level of 500 MW. Table 18 outlines the results of the stability analysis for each 

system event simulated. Appendix K graphically shows the results of each event studied for maximum 

wind generation. 

Table 17 
Generation Dispatch Levels - 2035 Peak Load Base Case 

Generation 
Source 

Generation 
Dispatch Level 

(MW) 

Percent of Total 
Generation 

System Inertia 
(MW.s) 

NLH 1404.4 69.8 % 6854 

Kruger 109.1 5.4 % 655 
1
 

Wind 500 24.8 % 0 

Total 2013.5 100 % 7509 

Note 1: Comprised of motor and generator inertia (168 and 487 respectively 

 

Table 18 
Stability Results for 500 MW Wind Generation Dispatch Level 

2035 Peak Load Base Case 

Case Description Stable 
Max 
Freq 
(Hz) 

Min 
Freq 
(Hz) 

Load 
Shedding 
Amount 

(MW) 

Wind 
Turbines 
Remain 

Connected 

Comments 

1 
Loss of VBN Load 

of 74.3 MW 
Yes 60.3 - 0 9 / 9 No issues 

2 
Loss of Largest 

Unit (BDE 
142MW) 

Yes - 58.7 91.3 9 / 9 
Frequency exceeds 59.0 Hz 

after 18 seconds 

3 
Load Increase of 

15 MW 
Yes - 59.9 0 9 / 9 No issues 

4 
3Ph Flt at HWD 

(Trip TL242) 
Yes 60.5 - 0 9 / 9 

Voltage at HRD Plant not less 
than 0.5pu, no loss of unit as 
generation <80 MW per unit 

5 
3Ph Flt at SSD 
(Trip TL202) 

Yes 60.5 - 0 9 / 9 
Voltage at HRD Plant not less 
than 0.5pu, no loss of unit as 
generation <80 MW per unit 

6 
3Ph Flt at STB 
(Trip TL231) 

Yes 60.2 - 0 9 / 9 No issues 1 

7 
3Ph Flt at BBK 
(Trip TL233) 

Yes 60.2 - 0 9 / 9 No issues 1 

8 
LG Flt Near HRD 

on TL242 – 30cyc 
Yes 60.1 - 0 9 / 9 No issues 1 

9 
LG Flt Near SSD 

on TL202 – 45cyc 
Yes 60.1 - 0 9 / 9 No issues 1 

Note 1:  LVRT Capability on wind turbines successful for this fault 
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4.3 Multiple Loss of Wind Farms 
 

Transient stability analysis was conducted on the sudden loss of multiple wind farms geographically 

close to one another as a result of high wind speed cut-out, which typically is set at 25m/sec. This 

analysis was conducted for the 2020 Extreme Light Load base case with 225MW of wind dispatched, as 

this is considered the most onerous case due to minimum system inertia and maximum wind 

penetration. Three cases were analyzed, these being; i) Loss of two 25MW farms simultaneously, ii) Loss 

of two 25MW farms simultaneously with additional system inertia, and iii) Loss of three 25MW farms 

simultaneously with additional system inertia.  Appendix L graphically shows the system frequency 

results of each event studied. 

 

4.3.1 Loss of Two 25MW Wind Farms 

 

The loss of two 25MW wind farms simultaneously due to high wind speed during 2020 Extreme Light 

Load conditions is expected to cause approximately 9MW of load shedding as system frequency drops 

below the 58.8 Hz under frequency load shed setting. 

 

4.3.2 Loss of Two 25MW Wind Farms – Additional System Inertia 

 

With the addition of two 300MVA high inertia synchronous condensers at Sunnyside having an H 

constant of 7.84 each, the loss of two 25MW wind farms simultaneously due to high wind speed during 

2020 Extreme Light Load conditions is not expected to cause any under frequency load shedding. 

Minimum frequency is approximately 58.86Hz, but recovers above 59Hz before the 15 second timer 

expired, thus avoiding any under frequency load shedding. 

 

4.3.3 Loss of Three 25MW Wind Farms – Additional System Inertia 

 

With the addition of two 300MVA high speed high inertia synchronous condensers at Sunnyside having 

an H constant of 7.84 each, the loss of three 25MW wind farms simultaneously due to high wind speed 

during 2020 Extreme Light Load conditions is expected to cause approximately 20MW of load shedding. 

Minimum frequency is approximately 58.64Hz and load shedding occurs as a result of both 58.8Hz and 

59.0Hz / 15 second protection settings. 

 

These results highlight the importance of geographically diversifying wind farms to avoid simultaneous 

loss of nearby wind farms due to high wind speeds and system load shedding as a result. While the 

addition of rotating mass in the form of high inertia synchronous condensers will eliminate 9MW of load 

shedding for loss of two wind farms, it will not avoid load shedding as a result of simultaneous loss of 

three wind farms. It is not clear whether or not the cost associated with the addition of inertia is 

justified as the probability of this event occurring during extreme light load conditions is unknown.  

 

In the absence of detailed wind surveys, it is recommended that future wind farm developments be 

geographically dispersed to avoid the possibility of this event from occurring. As well, detailed study is 
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recommended to investigate alternate solutions of avoiding under frequency load shedding due to loss 

of multiple wind farms. Possible solutions may include high speed flywheel energy storage systems and 

dispatch of fast response generation such as gas turbines during periods of predicted high wind speeds 

and high wind penetration.   
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5.0 Conclusions 
 

Load flow analysis of the two base case years 2020 and 2035 indicate that there are no steady state 

restrictions up to and including 500 MW of wind power generation for the Isolated Island option. 500 

MW was the maximum steady state wind generation dispatch analysed due to the fact that NLH 

generation at extreme light load conditions approaches this value. The practical steady state limit during 

extreme light load conditions would be limited to 375MW due to other NUG generation dispatch of 

approximately 125MW. 

Transient stability analysis of the two base case years indicate a maximum wind dispatch level of 225 

MW and 300 MW for the 2020 and 2035 Extreme Light Load cases respectively. This is based on a 

sudden load increase of 15 MW causing a frequency decline to 59.6 Hz which was the pre-defined 

criteria for frequency deviation. There was no restriction up to and including 500 MW of wind 

generation for peak loading periods of 2020 and 2035. System events on the 230kV system such as three 

phase and line to ground faults that were cleared within normal operating times did not adversely affect 

operation of the wind generation due to the advances of the Low Voltage Ride Through (LVRT) 

capability. Table 19 below summarizes the resulting restrictions as a result of the transient stability 

analysis. 

Table 19 
Maximum Wind Generation Dispatch 

Stability Analysis Results 

 

Year 

Extreme Light Load Peak Load 
Wind 

Generation 
Level (MW) 

Wind 
Penetration 

Level (%) 

System 
Inertia 
(MW.s) 

Wind 
Generation 
Level (MW) 

Wind 
Penetration 

Level (%) 

System 
Inertia 
(MW.s) 

2020 225 36.8 3340 500 28.5 7197 

2035 300 43.8 3340 500 24.8 7509 

 

 

Based on the simulation studies conducted in this report, the transient stability constraint is found to be 

the limiting factor in determining the amount of wind penetration during the extreme light load 

conditions. Thus, it is recommended that no more than 225MW and 300MW of net wind generation is 

dispatched during the extreme light load conditions during the years 2020 and 2035, respectively. 

However, the extreme light loading conditions are likely to occur for very short durations of the year, 

particularly during night hours of the summer season, when wind generation profile is usually at its 

minimum. Thus, it is anticipated that the available wind generation under light load conditions is in close 

proximity to the wind penetration level limited by the transient stability constraint.  It is recommended 

that historical wind data be obtained for potential wind sites around the island, which can then be used 

to determine time and duration of minimal wind generation profiles coinciding with minimum system 

loading. 

Overall analysis indicates that the current wind generation technology of the Doubly Fed Induction 

Generator (DFIG) model, similar to the Vestas V90 used in St. Lawrence and Fermeuse, provides voltage 
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support on the island when dispatch is widely distributed.  As well, the control system of the DFIG model 

aids in frequency response control for the first 5-7 seconds during certain system events, such as loss of 

generation or sudden load increase. This is accomplished by converting the kinetic energy of the 

spinning turbine blades into excess power which in turn allows time for conventional generation 

governors to respond to system conditions. 

The analysis presented in this report does not assume time varying wind patterns and further analysis is 

recommended to simulate its effect on overall system frequency control. It is believed that higher wind 

penetration levels on the island system could cause larger frequency deviations than currently 

experienced without additional fast acting counter measures. These could include high inertia 

synchronous condensers or high speed flywheel energy storage / regulation plants to minimize 

frequency deviations as a result of time varying wind patterns.  

These results highlight the importance of geographically diversifying wind farms to avoid simultaneous 

loss of nearby wind farms due to high wind speeds and system load shedding as a result. In the absence 

of detailed wind surveys, it is recommended that future wind farm developments be geographically 

dispersed to avoid the possibility of this event from occurring. As well, detailed study is recommended 

to investigate alternate solutions of avoiding under frequency load shedding due to loss of multiple wind 

farms. Possible solutions may include high speed flywheel energy storage systems and dispatch of fast 

response generation such as gas turbines during periods of predicted high wind and high wind 

penetration.   
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NP Energy Purchases (GWh) NP Peak Demand Purchases (MW)

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

2018 688 631 623 505 432 353 329 327 340 429 519 653 1302 1294 1115 972 851 716 624 596 655 855 997 1294

2019 698 640 633 513 439 358 334 332 345 435 527 663 1313 1305 1132 987 863 727 633 604 665 867 1012 1305

2020 705 646 638 518 443 362 337 335 349 439 532 669 1329 1322 1142 996 872 734 639 610 671 875 1022 1322

2021 717 657 649 527 451 368 343 341 355 447 541 680 1343 1335 1162 1014 887 746 650 620 682 890 1040 1335

2022 729 668 660 536 459 375 349 346 361 455 550 692 1362 1354 1182 1031 902 759 660 631 693 905 1057 1354

2023 740 678 670 544 466 381 355 352 367 462 559 703 1385 1377 1200 1047 916 770 671 640 704 918 1074 1377

2024 750 687 680 552 473 386 360 357 372 468 567 712 1404 1396 1217 1062 929 781 680 649 713 931 1089 1396

2025 760 696 689 560 479 391 364 361 377 475 574 722 1422 1414 1233 1076 941 791 689 657 722 943 1104 1414

2026 769 705 697 566 485 396 369 366 381 480 581 730 1439 1430 1248 1090 952 801 697 665 731 954 1117 1430

2027 779 714 707 575 492 402 374 371 387 487 589 741 1455 1446 1266 1105 966 812 707 675 741 967 1133 1446

2028 790 724 716 583 499 408 379 376 392 494 597 750 1472 1464 1283 1120 979 823 716 684 751 980 1149 1464

2029 799 732 724 589 505 412 384 380 396 500 604 759 1489 1481 1298 1133 990 832 724 691 759 991 1162 1481

2030 808 741 733 597 512 418 389 385 401 506 612 768 1504 1495 1314 1148 1002 842 733 700 769 1003 1177 1495

2031 817 749 741 604 517 422 393 389 406 512 618 777 1519 1510 1329 1161 1014 852 741 708 777 1014 1190 1510

2032 826 757 750 610 523 427 398 394 410 517 625 785 1534 1525 1343 1174 1025 861 749 715 786 1025 1203 1525

2033 835 765 758 617 529 432 402 398 415 523 632 794 1549 1540 1358 1187 1036 870 757 723 794 1036 1217 1540

2034 844 774 766 624 535 437 406 402 420 529 639 802 1564 1555 1373 1200 1047 880 765 731 802 1047 1230 1555

2035 853 781 774 631 541 441 411 406 424 534 646 811 1578 1569 1387 1212 1058 889 773 738 810 1057 1243 1569

2036 861 789 781 637 546 446 415 410 428 539 652 818 1592 1582 1400 1224 1068 897 780 745 818 1067 1254 1582

2037 868 796 788 643 551 450 419 414 432 545 658 826 1605 1596 1413 1235 1078 905 787 752 825 1077 1266 1596

2038 876 803 796 649 557 454 422 418 436 550 664 833 1618 1609 1427 1247 1088 914 794 759 833 1087 1278 1609

2039 884 810 803 655 562 459 426 422 440 555 670 841 1632 1622 1440 1258 1098 922 802 766 841 1096 1290 1622

2040 892 817 810 661 567 463 430 425 444 560 676 848 1644 1635 1452 1269 1108 930 808 772 848 1106 1301 1635

2041 899 824 816 666 571 466 434 429 447 564 681 855 1656 1647 1464 1280 1116 937 815 778 854 1114 1312 1647

2042 906 830 823 671 576 470 437 432 451 569 687 862 1668 1658 1475 1290 1125 945 821 784 861 1123 1322 1658

2043 913 837 829 677 581 474 441 435 454 573 692 868 1680 1670 1487 1300 1134 952 827 790 867 1132 1333 1670

2044 920 843 835 682 585 478 444 439 458 577 697 875 1692 1682 1498 1310 1143 959 834 796 874 1140 1343 1682

2045 927 849 842 687 590 481 447 442 462 582 703 882 1703 1693 1510 1320 1152 967 840 802 881 1149 1353 1693

2046 933 855 848 692 594 485 451 445 465 586 708 888 1714 1704 1521 1330 1160 973 846 808 887 1157 1363 1704

2047 940 861 854 697 598 488 454 448 468 590 713 894 1725 1715 1531 1339 1168 980 852 814 893 1165 1373 1715

2048 946 867 859 702 603 492 457 452 471 594 718 900 1736 1726 1542 1349 1176 987 858 819 899 1173 1382 1726

2049 953 873 865 707 607 495 460 455 475 599 723 906 1747 1737 1553 1358 1184 994 863 825 905 1181 1392 1737

2050 959 878 871 711 611 499 463 458 478 602 727 912 1757 1747 1563 1367 1192 1000 869 830 911 1188 1401 1747

2051 964 884 876 716 615 502 466 460 481 606 732 918 1766 1756 1572 1375 1199 1006 874 835 916 1195 1409 1756

2052 970 889 881 720 618 505 469 463 483 610 736 923 1776 1765 1581 1383 1206 1012 879 840 921 1202 1418 1765

2053 975 894 886 724 622 508 472 466 486 613 740 928 1785 1775 1590 1391 1213 1018 884 845 927 1209 1426 1775

2054 981 899 891 728 626 511 474 468 489 617 745 934 1795 1784 1600 1399 1220 1024 889 849 932 1215 1434 1784

2055 987 904 896 733 629 514 477 471 492 620 749 939 1804 1794 1609 1408 1227 1029 894 854 937 1222 1443 1794

2056 992 909 902 737 633 517 480 474 495 624 753 944 1813 1803 1618 1416 1234 1035 899 859 942 1229 1451 1803

2057 998 914 907 741 637 520 483 477 498 627 757 950 1823 1812 1627 1424 1241 1041 904 864 948 1236 1459 1812

2058 1003 919 912 746 641 523 485 479 500 631 762 955 1832 1822 1637 1432 1248 1047 909 869 953 1243 1468 1822

2059 1009 924 917 750 644 526 488 482 503 635 766 960 1842 1831 1646 1440 1255 1053 914 874 958 1250 1476 1831

2060 1015 930 922 754 648 529 491 485 506 638 770 966 1851 1840 1655 1448 1262 1059 919 878 964 1257 1484 1840

2061 1020 935 927 758 652 532 494 487 509 642 775 971 1860 1850 1664 1456 1269 1065 925 883 969 1264 1493 1850

2062 1026 940 932 763 655 535 497 490 512 645 779 976 1870 1859 1674 1465 1276 1070 930 888 974 1270 1501 1859

2063 1031 945 937 767 659 538 499 493 515 649 783 982 1879 1868 1683 1473 1283 1076 935 893 979 1277 1509 1868

2064 1037 950 942 771 663 541 502 495 517 653 788 987 1889 1878 1692 1481 1291 1082 940 898 985 1284 1518 1878

2065 1042 955 948 775 666 544 505 498 520 656 792 992 1898 1887 1701 1489 1298 1088 945 903 990 1291 1526 1887

2066 1048 960 953 780 670 547 508 501 523 660 796 998 1907 1896 1711 1497 1305 1094 950 907 995 1298 1534 1896

2067 1054 965 958 784 674 550 510 504 526 663 800 1003 1917 1906 1720 1505 1312 1100 955 912 1001 1305 1543 1906
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Hydro Rural Energy Purchases (Bulk Deliveries) (GWh) Hydro Rural Demand Purchases (MW)

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

2018 46.9 40.1 41.8 35.4 34.1 31.1 29.8 28.6 28.1 31.1 34.9 44.3 90.5 86.9 80.1 72.9 68.6 63.8 59.3 56.1 59.3 63.4 72.4 90.5

2019 46.4 39.6 41.3 35.0 33.7 30.8 29.5 28.3 27.8 30.8 34.6 43.9 89.6 86.0 79.3 72.1 67.9 63.1 58.7 55.5 58.7 62.7 71.6 89.6

2020 46.1 39.4 41.1 34.8 33.5 30.6 29.3 28.1 27.7 30.6 34.4 43.6 89.0 85.5 78.8 71.7 67.5 62.8 58.3 55.2 58.3 62.3 71.2 89.0

2021 46.4 39.6 41.3 35.0 33.7 30.8 29.5 28.2 27.8 30.8 34.6 43.8 89.5 85.9 79.2 72.0 67.8 63.1 58.6 55.5 58.6 62.6 71.6 89.5

2022 46.8 40.0 41.7 35.3 34.0 31.0 29.8 28.5 28.1 31.0 34.9 44.2 90.3 86.7 79.9 72.7 68.4 63.7 59.1 56.0 59.1 63.2 72.2 90.3

2023 47.1 40.3 42.0 35.6 34.3 31.3 30.0 28.7 28.3 31.3 35.1 44.6 91.0 87.3 80.5 73.2 69.0 64.1 59.6 56.4 59.6 63.7 72.8 91.0

2024 47.4 40.5 42.3 35.8 34.5 31.5 30.2 28.9 28.5 31.5 35.4 44.8 91.6 87.9 81.0 73.7 69.4 64.5 60.0 56.8 60.0 64.1 73.2 91.6

2025 47.7 40.7 42.5 36.0 34.7 31.6 30.3 29.0 28.6 31.6 35.5 45.1 92.1 88.4 81.5 74.1 69.8 64.9 60.3 57.1 60.3 64.4 73.6 92.1

2026 48.0 41.0 42.7 36.2 34.9 31.8 30.5 29.2 28.8 31.8 35.8 45.3 92.6 88.9 81.9 74.5 70.2 65.3 60.6 57.4 60.6 64.8 74.1 92.6

2027 48.3 41.3 43.1 36.5 35.2 32.1 30.8 29.4 29.0 32.1 36.0 45.7 93.3 89.6 82.6 75.1 70.7 65.8 61.1 57.9 61.1 65.3 74.7 93.3

2028 48.7 41.6 43.4 36.7 35.4 32.3 31.0 29.7 29.2 32.3 36.3 46.0 94.0 90.2 83.2 75.7 71.2 66.3 61.6 58.3 61.6 65.8 75.2 94.0

2029 49.0 41.9 43.7 37.0 35.7 32.5 31.2 29.9 29.4 32.5 36.5 46.3 94.6 90.9 83.8 76.2 71.7 66.7 62.0 58.7 62.0 66.2 75.7 94.6

2030 49.4 42.2 44.0 37.2 35.9 32.8 31.4 30.1 29.6 32.8 36.8 46.7 95.3 91.5 84.3 76.7 72.2 67.2 62.4 59.1 62.4 66.7 76.2 95.3

2031 49.6 42.4 44.2 37.4 36.1 32.9 31.6 30.2 29.8 32.9 37.0 46.9 96.3 92.4 85.2 77.5 73.0 67.9 63.0 59.7 63.0 67.4 77.0 96.3

2032 49.9 42.6 44.4 37.6 36.3 33.1 31.7 30.4 29.9 33.1 37.2 47.2 96.8 92.9 85.6 77.9 73.3 68.2 63.4 60.0 63.4 67.7 77.4 96.8

2033 50.1 42.9 44.7 37.8 36.5 33.3 31.9 30.5 30.1 33.3 37.4 47.4 97.3 93.4 86.1 78.3 73.7 68.6 63.7 60.3 63.7 68.1 77.8 97.3

2034 50.4 43.1 44.9 38.0 36.7 33.5 32.1 30.7 30.2 33.5 37.6 47.7 97.8 93.9 86.5 78.7 74.1 68.9 64.0 60.6 64.0 68.4 78.2 97.8

2035 50.7 43.3 45.1 38.2 36.9 33.6 32.2 30.9 30.4 33.6 37.8 47.9 98.3 94.4 87.0 79.1 74.5 69.3 64.4 60.9 64.4 68.8 78.6 98.3

2036 50.9 43.5 45.4 38.4 37.0 33.8 32.4 31.0 30.6 33.8 38.0 48.2 98.8 94.9 87.4 79.5 74.9 69.7 64.7 61.3 64.7 69.2 79.0 98.8

2037 51.2 43.8 45.6 38.6 37.2 34.0 32.6 31.2 30.7 34.0 38.2 48.4 99.3 95.3 87.9 79.9 75.3 70.0 65.0 61.6 65.0 69.5 79.5 99.3

2038 51.5 44.0 45.8 38.8 37.4 34.2 32.7 31.3 30.9 34.2 38.4 48.7 99.8 95.8 88.3 80.4 75.7 70.4 65.4 61.9 65.4 69.9 79.9 99.8

2039 51.7 44.2 46.1 39.0 37.6 34.3 32.9 31.5 31.0 34.3 38.6 48.9 100.3 96.3 88.8 80.8 76.1 70.7 65.7 62.2 65.7 70.2 80.3 100.3

2040 52.0 44.4 46.3 39.2 37.8 34.5 33.1 31.7 31.2 34.5 38.8 49.2 100.8 96.8 89.2 81.2 76.4 71.1 66.1 62.5 66.1 70.6 80.7 100.8

2041 52.2 44.6 46.5 39.4 38.0 34.7 33.2 31.8 31.3 34.7 38.9 49.4 101.4 97.3 89.7 81.6 76.8 71.5 66.4 62.8 66.4 70.9 81.1 101.4

2042 52.5 44.9 46.8 39.6 38.2 34.8 33.4 32.0 31.5 34.8 39.1 49.6 101.9 97.8 90.1 82.0 77.2 71.8 66.7 63.2 66.7 71.3 81.5 101.9

2043 52.8 45.1 47.0 39.8 38.4 35.0 33.6 32.1 31.7 35.0 39.3 49.9 102.4 98.3 90.6 82.4 77.6 72.2 67.1 63.5 67.1 71.7 81.9 102.4

2044 53.0 45.3 47.3 40.0 38.6 35.2 33.8 32.3 31.8 35.2 39.5 50.1 102.9 98.8 91.0 82.8 78.0 72.5 67.4 63.8 67.4 72.0 82.3 102.9

2045 53.3 45.5 47.5 40.2 38.8 35.4 33.9 32.5 32.0 35.4 39.7 50.4 103.4 99.3 91.5 83.2 78.4 72.9 67.7 64.1 67.7 72.4 82.7 103.4

2046 53.6 45.8 47.7 40.4 39.0 35.5 34.1 32.6 32.1 35.5 39.9 50.6 103.9 99.7 92.0 83.6 78.8 73.2 68.1 64.4 68.1 72.7 83.1 103.9

2047 53.8 46.0 48.0 40.6 39.1 35.7 34.3 32.8 32.3 35.7 40.1 50.9 104.4 100.2 92.4 84.0 79.1 73.6 68.4 64.7 68.4 73.1 83.5 104.4

2048 54.1 46.2 48.2 40.8 39.3 35.9 34.4 32.9 32.5 35.9 40.3 51.1 104.9 100.7 92.9 84.5 79.5 74.0 68.7 65.0 68.7 73.4 83.9 104.9

2049 54.4 46.4 48.4 41.0 39.5 36.1 34.6 33.1 32.6 36.1 40.5 51.4 105.4 101.2 93.3 84.9 79.9 74.3 69.1 65.4 69.1 73.8 84.3 105.4

2050 54.6 46.7 48.7 41.2 39.7 36.2 34.8 33.3 32.8 36.2 40.7 51.6 105.9 101.7 93.8 85.3 80.3 74.7 69.4 65.7 69.4 74.2 84.8 105.9

2051 54.9 46.9 48.9 41.4 39.9 36.4 34.9 33.4 32.9 36.4 40.9 51.9 106.4 102.2 94.2 85.7 80.7 75.0 69.7 66.0 69.7 74.5 85.2 106.4

2052 55.1 47.1 49.1 41.6 40.1 36.6 35.1 33.6 33.1 36.6 41.1 52.1 107.0 102.7 94.7 86.1 81.1 75.4 70.1 66.3 70.1 74.9 85.6 107.0

2053 55.4 47.3 49.4 41.8 40.3 36.8 35.3 33.7 33.2 36.8 41.3 52.4 107.5 103.2 95.1 86.5 81.5 75.8 70.4 66.6 70.4 75.2 86.0 107.5

2054 55.7 47.6 49.6 42.0 40.5 36.9 35.4 33.9 33.4 36.9 41.5 52.6 108.0 103.7 95.6 86.9 81.8 76.1 70.7 66.9 70.7 75.6 86.4 108.0

2055 55.9 47.8 49.8 42.2 40.7 37.1 35.6 34.1 33.6 37.1 41.7 52.9 108.5 104.1 96.0 87.3 82.2 76.5 71.1 67.3 71.1 75.9 86.8 108.5

2056 56.2 48.0 50.1 42.4 40.9 37.3 35.8 34.2 33.7 37.3 41.9 53.1 109.0 104.6 96.5 87.7 82.6 76.8 71.4 67.6 71.4 76.3 87.2 109.0

2057 56.5 48.2 50.3 42.6 41.1 37.5 35.9 34.4 33.9 37.5 42.1 53.4 109.5 105.1 96.9 88.2 83.0 77.2 71.7 67.9 71.7 76.7 87.6 109.5

2058 56.7 48.5 50.5 42.8 41.2 37.6 36.1 34.5 34.0 37.6 42.3 53.6 110.0 105.6 97.4 88.6 83.4 77.6 72.1 68.2 72.1 77.0 88.0 110.0

2059 57.0 48.7 50.8 43.0 41.4 37.8 36.3 34.7 34.2 37.8 42.5 53.9 110.5 106.1 97.8 89.0 83.8 77.9 72.4 68.5 72.4 77.4 88.4 110.5

2060 57.2 48.9 51.0 43.2 41.6 38.0 36.4 34.9 34.3 38.0 42.7 54.1 111.0 106.6 98.3 89.4 84.2 78.3 72.7 68.8 72.7 77.7 88.8 111.0

2061 57.5 49.1 51.2 43.4 41.8 38.2 36.6 35.0 34.5 38.2 42.9 54.4 111.5 107.1 98.7 89.8 84.6 78.6 73.1 69.2 73.1 78.1 89.2 111.5

2062 57.8 49.4 51.5 43.6 42.0 38.3 36.8 35.2 34.7 38.3 43.1 54.6 112.1 107.6 99.2 90.2 84.9 79.0 73.4 69.5 73.4 78.4 89.6 112.1

2063 58.0 49.6 51.7 43.8 42.2 38.5 36.9 35.3 34.8 38.5 43.3 54.9 112.6 108.1 99.6 90.6 85.3 79.4 73.7 69.8 73.7 78.8 90.1 112.6

2064 58.3 49.8 51.9 44.0 42.4 38.7 37.1 35.5 35.0 38.7 43.5 55.1 113.1 108.6 100.1 91.0 85.7 79.7 74.1 70.1 74.1 79.2 90.5 113.1

2065 58.6 50.0 52.2 44.2 42.6 38.9 37.3 35.7 35.1 38.9 43.7 55.4 113.6 109.0 100.5 91.4 86.1 80.1 74.4 70.4 74.4 79.5 90.9 113.6

2066 58.8 50.3 52.4 44.4 42.8 39.0 37.4 35.8 35.3 39.0 43.8 55.6 114.1 109.5 101.0 91.8 86.5 80.4 74.7 70.7 74.7 79.9 91.3 114.1

2067 59.1 50.5 52.6 44.6 43.0 39.2 37.6 36.0 35.4 39.2 44.0 55.9 114.6 110.0 101.4 92.3 86.9 80.8 75.1 71.1 75.1 80.2 91.7 114.6
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CBPP Energy Purchases (GWh) CBPP Peak Demand Purchases (MW)

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

2018 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2019 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2020 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2021 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2022 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2023 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2024 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2025 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2026 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2027 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2028 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2029 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2030 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2031 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2032 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2033 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2034 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2035 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2036 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2037 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2038 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2039 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2040 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2041 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2042 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2043 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2044 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2045 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2046 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2047 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2048 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2049 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2050 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2051 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2052 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2053 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2054 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2055 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2056 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2057 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2058 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2059 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2060 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2061 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2062 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2063 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2064 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2065 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2066 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0

2067 8.2 7.4 8.2 7.9 8.2 7.9 8.2 8.2 7.9 8.2 7.9 8.2 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0 23.0
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NARL Energy Purchases (GWh) NARL Peak Demand Purchases (MW)

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

2018 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2019 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2020 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2021 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2022 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2023 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2024 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2025 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2026 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2027 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2028 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2029 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2030 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2031 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2032 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2033 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2034 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2035 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2036 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2037 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2038 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2039 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2040 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2041 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2042 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2043 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2044 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2045 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2046 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2047 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2048 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2049 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2050 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2051 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2052 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2053 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2054 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2055 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2056 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2057 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2058 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2059 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2060 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2061 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2062 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2063 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2064 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2065 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2066 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5

2067 25.6 23.5 24.7 22.4 19.7 22.8 25.7 26.0 24.4 22.7 22.8 22.2 37.0 37.0 36.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 36.5
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VI Energy Purchases (GWh) VI Peak Demand Purchases (MW)

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

2018 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2019 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2020 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2021 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2022 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2023 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2024 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2025 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2026 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2027 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2028 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2029 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2030 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2031 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2032 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2033 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2034 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2035 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2036 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2037 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2038 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2039 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2040 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2041 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2042 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2043 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2044 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2045 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2046 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2047 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2048 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2049 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2050 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2051 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2052 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2053 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2054 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2055 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2056 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2057 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2058 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2059 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2060 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2061 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2062 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2063 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2064 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2065 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2066 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6

2067 58.6 52.8 58.6 56.7 58.5 56.6 58.4 58.4 56.6 58.5 56.7 58.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6 94.6
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Transmission Losses (GWh) Transmission Losses (MW)

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

2018 23.2 21.1 21.2 17.6 16.0 17.4 17.1 17.0 16.0 17.0 19.2 22.8 46.9 46.6 40.8 36.2 39.1 39.1 35.0 33.6 36.3 33.1 37.8 46.7

2019 23.4 21.4 21.4 17.8 16.2 17.6 17.3 17.2 16.2 17.2 19.5 23.1 47.2 46.9 41.3 36.6 39.6 39.6 35.3 34.0 36.7 33.4 38.3 47.0

2020 23.6 21.5 21.6 17.9 16.3 17.8 17.4 17.3 16.3 17.3 19.6 23.2 47.7 47.4 41.6 36.9 39.9 39.8 35.6 34.2 36.9 33.7 38.6 47.5

2021 24.0 21.8 21.9 18.2 16.6 18.0 17.7 17.5 16.5 17.6 19.9 23.6 48.1 47.8 42.2 37.4 40.4 40.4 36.0 34.6 37.4 34.2 39.2 47.9

2022 24.3 22.2 22.2 18.4 16.8 18.2 17.9 17.8 16.7 17.8 20.2 23.9 48.8 48.4 42.9 38.0 41.0 40.9 36.5 35.1 37.9 34.6 39.7 48.5

2023 24.6 22.5 22.5 18.7 17.0 18.5 18.1 18.0 16.9 18.1 20.4 24.2 49.5 49.1 43.5 38.5 41.6 41.5 37.0 35.5 38.4 35.1 40.3 49.2

2024 24.9 22.7 22.8 18.9 17.2 18.7 18.3 18.2 17.1 18.3 20.7 24.5 50.1 49.7 44.0 39.0 42.1 42.0 37.4 35.9 38.8 35.5 40.8 49.8

2025 25.2 23.0 23.0 19.1 17.4 18.9 18.5 18.4 17.3 18.5 20.9 24.8 50.7 50.3 44.5 39.4 42.5 42.4 37.8 36.3 39.3 35.9 41.2 50.4

2026 25.5 23.2 23.3 19.3 17.6 19.1 18.7 18.5 17.5 18.7 21.1 25.1 51.2 50.8 45.0 39.8 43.0 42.8 38.2 36.7 39.6 36.2 41.7 50.9

2027 25.8 23.5 23.6 19.6 17.8 19.3 18.9 18.7 17.7 18.9 21.4 25.4 51.7 51.3 45.6 40.3 43.5 43.3 38.6 37.1 40.1 36.7 42.2 51.4

2028 26.1 23.8 23.8 19.8 18.0 19.5 19.1 18.9 17.9 19.1 21.6 25.7 52.3 51.9 46.1 40.8 44.0 43.8 39.0 37.5 40.5 37.1 42.7 52.0

2029 26.3 24.0 24.1 20.0 18.2 19.7 19.3 19.1 18.0 19.3 21.8 25.9 52.8 52.4 46.6 41.2 44.4 44.2 39.4 37.8 40.9 37.5 43.2 52.5

2030 26.6 24.3 24.3 20.2 18.4 19.9 19.5 19.3 18.2 19.5 22.1 26.2 53.3 52.9 47.1 41.7 44.9 44.7 39.8 38.2 41.3 37.9 43.6 53.0

2031 26.9 24.5 24.6 20.4 18.6 20.1 19.6 19.5 18.4 19.7 22.3 26.5 53.8 53.4 47.6 42.1 45.4 45.1 40.2 38.6 41.7 38.2 44.1 53.5

2032 27.1 24.7 24.8 20.6 18.7 20.3 19.8 19.6 18.5 19.8 22.5 26.7 54.3 53.9 48.0 42.5 45.8 45.6 40.5 38.9 42.1 38.6 44.5 54.0

2033 27.4 25.0 25.0 20.8 18.9 20.4 20.0 19.8 18.7 20.0 22.7 27.0 54.7 54.3 48.5 43.0 46.2 46.0 40.9 39.3 42.5 38.9 44.9 54.4

2034 27.6 25.2 25.3 21.0 19.1 20.6 20.2 20.0 18.9 20.2 22.9 27.2 55.2 54.8 49.0 43.4 46.7 46.4 41.3 39.6 42.9 39.3 45.4 54.9

2035 27.9 25.4 25.5 21.2 19.3 20.8 20.3 20.1 19.0 20.4 23.1 27.5 55.7 55.3 49.4 43.8 47.1 46.8 41.6 40.0 43.2 39.6 45.8 55.4

2036 28.1 25.6 25.7 21.3 19.4 21.0 20.5 20.3 19.2 20.5 23.3 27.7 56.1 55.7 49.8 44.1 47.5 47.2 41.9 40.3 43.6 40.0 46.2 55.8

2037 28.3 25.9 25.9 21.5 19.6 21.1 20.6 20.4 19.3 20.7 23.5 27.9 56.5 56.1 50.3 44.5 47.9 47.6 42.2 40.6 43.9 40.3 46.6 56.2

2038 28.6 26.1 26.1 21.7 19.7 21.3 20.8 20.6 19.5 20.9 23.7 28.2 57.0 56.6 50.7 44.9 48.2 47.9 42.6 40.9 44.2 40.6 47.0 56.7

2039 28.8 26.3 26.3 21.9 19.9 21.5 21.0 20.7 19.6 21.0 23.9 28.4 57.4 57.0 51.1 45.2 48.6 48.3 42.9 41.2 44.6 40.9 47.4 57.1

2040 29.0 26.5 26.5 22.0 20.0 21.6 21.1 20.9 19.7 21.2 24.1 28.6 57.8 57.4 51.5 45.6 49.0 48.7 43.2 41.5 44.9 41.2 47.7 57.5

2041 29.2 26.7 26.7 22.2 20.2 21.8 21.2 21.0 19.9 21.3 24.2 28.8 58.2 57.8 51.9 45.9 49.3 49.0 43.5 41.8 45.2 41.5 48.1 57.9

2042 29.4 26.8 26.9 22.3 20.3 21.9 21.4 21.2 20.0 21.5 24.4 29.0 58.6 58.1 52.2 46.2 49.7 49.3 43.8 42.0 45.5 41.8 48.4 58.2

2043 29.6 27.0 27.1 22.5 20.5 22.1 21.5 21.3 20.1 21.6 24.6 29.2 58.9 58.5 52.6 46.6 50.0 49.7 44.1 42.3 45.8 42.1 48.7 58.6

2044 29.8 27.2 27.3 22.6 20.6 22.2 21.7 21.4 20.3 21.8 24.7 29.4 59.3 58.9 53.0 46.9 50.4 50.0 44.4 42.6 46.1 42.4 49.1 59.0

2045 30.0 27.4 27.5 22.8 20.7 22.4 21.8 21.6 20.4 21.9 24.9 29.6 59.7 59.3 53.4 47.2 50.7 50.3 44.6 42.9 46.4 42.6 49.4 59.4

2046 30.2 27.6 27.6 22.9 20.9 22.5 21.9 21.7 20.5 22.0 25.1 29.8 60.0 59.6 53.7 47.5 51.0 50.6 44.9 43.1 46.7 42.9 49.7 59.7

2047 30.4 27.7 27.8 23.1 21.0 22.6 22.1 21.8 20.6 22.2 25.2 30.0 60.4 60.0 54.0 47.8 51.4 50.9 45.2 43.4 46.9 43.2 50.1 60.1

2048 30.6 27.9 28.0 23.2 21.1 22.8 22.2 21.9 20.7 22.3 25.4 30.2 60.7 60.3 54.4 48.1 51.7 51.2 45.4 43.6 47.2 43.4 50.4 60.4

2049 30.8 28.1 28.1 23.4 21.3 22.9 22.3 22.1 20.9 22.4 25.5 30.4 61.1 60.7 54.7 48.4 52.0 51.5 45.7 43.9 47.5 43.7 50.7 60.8

2050 31.0 28.2 28.3 23.5 21.4 23.0 22.4 22.2 21.0 22.6 25.7 30.5 61.4 61.0 55.0 48.7 52.3 51.8 46.0 44.1 47.8 43.9 51.0 61.1

2051 31.1 28.4 28.5 23.6 21.5 23.1 22.5 22.3 21.1 22.7 25.8 30.7 61.7 61.3 55.3 49.0 52.6 52.1 46.2 44.3 48.0 44.2 51.3 61.4

2052 31.3 28.5 28.6 23.8 21.6 23.3 22.7 22.4 21.2 22.8 25.9 30.9 62.0 61.6 55.6 49.2 52.8 52.4 46.4 44.6 48.2 44.4 51.6 61.7

2053 31.4 28.7 28.8 23.9 21.7 23.4 22.8 22.5 21.3 22.9 26.1 31.0 62.3 61.9 55.9 49.5 53.1 52.6 46.6 44.8 48.5 44.6 51.8 62.0

2054 31.6 28.8 28.9 24.0 21.8 23.5 22.9 22.6 21.4 23.0 26.2 31.2 62.6 62.2 56.2 49.8 53.4 52.9 46.9 45.0 48.7 44.9 52.1 62.3

2055 31.8 29.0 29.1 24.1 21.9 23.6 23.0 22.7 21.5 23.2 26.3 31.3 63.0 62.5 56.5 50.0 53.7 53.2 47.1 45.2 49.0 45.1 52.4 62.6

2056 31.9 29.1 29.2 24.3 22.1 23.7 23.1 22.8 21.6 23.3 26.5 31.5 63.3 62.8 56.8 50.3 54.0 53.4 47.3 45.5 49.2 45.3 52.7 62.9

2057 32.1 29.3 29.4 24.4 22.2 23.8 23.2 22.9 21.7 23.4 26.6 31.7 63.6 63.1 57.1 50.6 54.2 53.7 47.6 45.7 49.5 45.5 52.9 63.2

2058 32.3 29.4 29.5 24.5 22.3 24.0 23.3 23.0 21.8 23.5 26.7 31.8 63.9 63.4 57.4 50.8 54.5 54.0 47.8 45.9 49.7 45.8 53.2 63.5

2059 32.4 29.6 29.7 24.6 22.4 24.1 23.4 23.2 21.9 23.6 26.9 32.0 64.2 63.7 57.7 51.1 54.8 54.2 48.0 46.1 49.9 46.0 53.5 63.8

2060 32.6 29.7 29.8 24.8 22.5 24.2 23.6 23.3 22.0 23.7 27.0 32.2 64.5 64.0 58.0 51.4 55.1 54.5 48.3 46.3 50.2 46.2 53.8 64.1

2061 32.8 29.9 30.0 24.9 22.6 24.3 23.7 23.4 22.1 23.9 27.1 32.3 64.8 64.3 58.3 51.6 55.3 54.8 48.5 46.6 50.4 46.5 54.0 64.4

2062 32.9 30.0 30.1 25.0 22.7 24.4 23.8 23.5 22.2 24.0 27.3 32.5 65.1 64.6 58.6 51.9 55.6 55.0 48.7 46.8 50.7 46.7 54.3 64.7

2063 33.1 30.2 30.3 25.1 22.8 24.5 23.9 23.6 22.3 24.1 27.4 32.6 65.4 64.9 58.9 52.2 55.9 55.3 49.0 47.0 50.9 46.9 54.6 65.0

2064 33.3 30.3 30.4 25.3 23.0 24.7 24.0 23.7 22.4 24.2 27.6 32.8 65.7 65.2 59.2 52.4 56.2 55.6 49.2 47.2 51.1 47.1 54.9 65.4

2065 33.4 30.5 30.6 25.4 23.1 24.8 24.1 23.8 22.6 24.3 27.7 33.0 66.0 65.5 59.5 52.7 56.5 55.9 49.4 47.4 51.4 47.4 55.1 65.7

2066 33.6 30.6 30.7 25.5 23.2 24.9 24.2 23.9 22.7 24.4 27.8 33.1 66.3 65.8 59.8 52.9 56.7 56.1 49.7 47.7 51.6 47.6 55.4 66.0

2067 33.7 30.8 30.9 25.6 23.3 25.0 24.3 24.0 22.8 24.6 28.0 33.3 66.6 66.1 60.1 53.2 57.0 56.4 49.9 47.9 51.9 47.8 55.7 66.3

2013-14 3.2% 3.2% 3.2% 3.2% 3.9% 4.5% 4.5% 4.5% 4.5% 3.3% 3.3% 3.3% 3.1% 3.1% 3.1% 3.1% 3.8% 4.3% 4.3% 4.3% 4.3% 3.2% 3.2% 3.1%

2015-67 2.8% 2.8% 2.8% 2.8% 2.9% 3.7% 3.8% 3.8% 3.5% 3.1% 3.0% 2.9% 3.1% 3.1% 3.1% 3.1% 3.8% 4.3% 4.3% 4.3% 4.3% 3.2% 3.2% 3.1%
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NLH Energy Requirements (GWh) NLH Peak Demand (MW)

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

2018 851 776 778 645 569 489 468 465 473 566 661 809 1560 1549 1357 1203 1081 942 842 809 874 1074 1229 1552

2019 861 785 787 653 575 494 473 470 478 573 668 819 1570 1559 1374 1217 1093 953 851 818 884 1086 1244 1562

2020 867 791 793 658 579 498 476 473 482 577 673 825 1587 1575 1384 1227 1101 959 857 823 890 1094 1253 1579

2021 879 802 804 667 588 504 483 479 488 585 683 837 1601 1589 1405 1245 1117 973 868 834 901 1109 1272 1592

2022 892 814 816 677 596 511 489 485 495 593 693 849 1622 1610 1426 1263 1133 986 880 846 914 1125 1291 1614

2023 904 825 826 686 604 518 495 491 501 601 702 860 1646 1634 1445 1280 1148 999 891 856 925 1139 1308 1637

2024 915 834 836 694 611 524 500 496 506 608 710 871 1666 1654 1463 1296 1162 1010 901 866 936 1153 1324 1657

2025 925 844 846 702 618 529 506 501 511 614 718 880 1685 1673 1480 1311 1175 1021 910 875 945 1165 1340 1676

2026 934 852 854 709 624 534 510 506 516 620 725 890 1703 1691 1496 1325 1187 1031 919 883 955 1177 1354 1694

2027 946 863 865 718 632 541 516 512 522 628 734 901 1720 1708 1515 1342 1202 1044 930 893 966 1191 1371 1711

2028 957 873 875 726 639 547 522 517 528 635 743 911 1739 1726 1533 1358 1216 1056 940 903 976 1205 1388 1729

2029 966 882 884 733 645 552 527 522 533 641 750 920 1757 1744 1549 1371 1228 1066 948 911 985 1216 1402 1748

2030 977 891 893 741 652 558 532 527 538 648 758 930 1773 1760 1566 1387 1241 1077 958 921 995 1229 1417 1763

2031 986 900 902 748 659 563 537 532 543 654 765 939 1789 1776 1582 1401 1253 1087 967 929 1005 1241 1432 1779

2032 996 908 910 756 665 568 541 536 548 660 772 948 1805 1792 1598 1415 1265 1097 976 938 1014 1253 1446 1795

2033 1005 917 919 763 671 573 546 541 553 666 780 957 1821 1807 1613 1428 1277 1107 985 946 1023 1265 1460 1811

2034 1015 926 928 770 677 578 551 546 558 672 787 966 1837 1823 1629 1442 1290 1117 993 954 1032 1276 1474 1827

2035 1024 934 936 777 683 583 555 550 562 678 794 975 1852 1838 1644 1455 1301 1127 1002 962 1041 1287 1487 1842

2036 1032 942 944 783 689 588 560 554 567 683 800 983 1866 1853 1658 1468 1312 1136 1010 970 1049 1298 1500 1856

2037 1040 949 951 790 695 592 564 558 571 689 807 991 1880 1867 1672 1480 1322 1145 1017 977 1057 1308 1513 1870

2038 1049 957 959 796 700 597 568 562 575 694 814 999 1895 1881 1686 1492 1333 1154 1025 985 1065 1319 1525 1884

2039 1057 965 967 803 706 602 573 567 580 700 820 1007 1909 1895 1700 1505 1344 1163 1033 992 1073 1329 1538 1899

2040 1065 972 974 809 711 606 577 571 584 705 826 1015 1922 1909 1713 1516 1354 1172 1040 999 1081 1339 1550 1912

2041 1073 979 981 814 716 610 580 574 588 709 832 1022 1935 1921 1725 1527 1364 1180 1047 1006 1088 1348 1561 1925

2042 1080 986 988 820 721 614 584 578 591 714 838 1029 1948 1934 1738 1538 1373 1188 1054 1012 1096 1357 1572 1937

2043 1088 992 995 826 726 618 588 582 595 719 843 1036 1960 1946 1750 1549 1383 1196 1061 1019 1103 1367 1583 1950

2044 1095 999 1001 832 731 622 592 585 599 724 849 1044 1973 1959 1762 1560 1392 1204 1068 1026 1110 1376 1594 1962

2045 1103 1006 1008 837 736 626 595 589 603 729 855 1051 1985 1971 1774 1571 1402 1212 1075 1032 1117 1385 1605 1975

2046 1109 1012 1014 842 740 630 599 592 606 733 860 1057 1997 1983 1786 1581 1410 1219 1081 1038 1124 1393 1616 1986

2047 1116 1019 1021 848 745 634 602 596 610 738 866 1064 2009 1994 1797 1591 1419 1227 1088 1045 1131 1402 1626 1998

2048 1123 1025 1027 853 750 638 606 599 614 742 871 1071 2020 2006 1809 1601 1428 1234 1094 1051 1137 1410 1636 2010

2049 1130 1031 1033 858 754 642 609 603 617 746 876 1077 2032 2017 1820 1611 1437 1241 1101 1057 1144 1419 1647 2021

2050 1137 1037 1039 863 759 645 613 606 620 751 881 1083 2043 2028 1831 1620 1445 1248 1107 1062 1150 1427 1656 2032

2051 1143 1043 1045 868 763 648 616 609 624 755 886 1089 2053 2038 1841 1629 1453 1255 1112 1068 1156 1434 1665 2042

2052 1149 1048 1050 872 767 652 619 612 627 758 890 1095 2063 2048 1851 1638 1460 1261 1118 1073 1162 1442 1674 2052

2053 1155 1054 1056 877 771 655 622 615 630 762 895 1101 2073 2058 1861 1647 1468 1268 1123 1079 1168 1449 1683 2062

2054 1161 1059 1061 881 775 658 625 618 633 766 900 1106 2084 2069 1871 1656 1476 1274 1129 1084 1173 1457 1692 2072

2055 1167 1065 1067 886 779 662 628 621 636 770 904 1112 2094 2079 1881 1664 1483 1280 1135 1089 1179 1464 1701 2083

2056 1173 1070 1072 891 783 665 631 624 639 774 909 1118 2104 2089 1890 1673 1491 1287 1140 1095 1185 1471 1710 2093

2057 1179 1075 1078 895 787 668 634 627 642 778 914 1124 2114 2099 1900 1682 1499 1293 1146 1100 1191 1479 1719 2103

2058 1185 1081 1083 900 791 672 637 630 645 782 918 1129 2124 2109 1910 1691 1506 1300 1151 1105 1197 1486 1728 2113

2059 1191 1086 1089 904 795 675 640 632 648 786 923 1135 2134 2119 1920 1699 1514 1306 1157 1111 1203 1494 1737 2123

2060 1197 1092 1094 909 799 678 643 635 651 789 927 1141 2144 2129 1930 1708 1522 1313 1163 1116 1208 1501 1746 2133

2061 1203 1097 1100 914 803 681 646 638 655 793 932 1147 2155 2139 1940 1717 1529 1319 1168 1121 1214 1509 1755 2143

2062 1209 1103 1105 918 807 685 649 641 658 797 937 1152 2165 2149 1950 1726 1537 1326 1174 1127 1220 1516 1764 2153

2063 1215 1108 1111 923 811 688 652 644 661 801 941 1158 2175 2159 1960 1734 1545 1332 1179 1132 1226 1523 1773 2163

2064 1221 1114 1116 927 815 691 655 647 664 805 946 1164 2185 2169 1970 1743 1552 1339 1185 1137 1232 1531 1782 2173

2065 1227 1119 1122 932 819 695 659 650 667 809 951 1170 2195 2180 1980 1752 1560 1345 1190 1143 1238 1538 1791 2184

2066 1233 1125 1127 936 823 698 662 653 670 813 955 1175 2205 2190 1990 1761 1568 1351 1196 1148 1243 1546 1800 2194

2067 1239 1130 1133 941 827 701 665 656 673 817 960 1181 2216 2200 2000 1770 1575 1358 1202 1153 1249 1553 1809 2204
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APPENDIX B - ESTIMATED SYSTEM LOADS FOR STUDY YEARS 
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NP RURAL NARL VALE CBP&P DUCK

1 Peak Day (Mid January) 1 1269.6 93.2 24.6 58.2 18.1 5.5 45.5 1514.7 838.2 3 No

2 Peak Night (Mid January) 0.7 888.7 65.2 24.6 58.2 18.1 5.5 32.9 1093.2 611.6 2 No

3 Peak Day (Early May) 0.63 799.8 58.7 24.6 58.2 18.1 5.5 29.9 994.8 558.7 1 Yes

4 Peak Night (Early May) 0.38 482.4 35.4 24.6 58.2 18.1 5.5 19.4 643.6 369.9 0 Yes

5 Peak Day (Late July) 0.47 596.7 43.8 24.6 58.2 18.1 5.5 32.1 779.0 437.9 0 Yes

6 Peak Night (Late July) 0.26 330.1 24.2 24.6 58.2 18.1 5.5 19.8 480.5 279.2 0 Yes

7 Peak Day (Mid November) 0.75 952.2 69.9 24.6 58.2 18.1 5.5 35.0 1163.4 649.4 2 No

8 Peak Night (Mid November) 0.48 609.4 44.7 24.6 58.2 18.1 5.5 23.6 784.1 445.4 0 Yes

NP RURAL NARL VALE CBP&P DUCK

1 Peak Day (Mid January) 1 1329.0 89.0 29.0 74.3 18.1 0.0 47.7 1587.1 894.1 3 No

2 Peak Night (Mid January) 0.7 930.3 62.3 29.0 74.3 18.1 0.0 34.5 1148.5 656.8 2 No

3 Peak Day (Early May) 0.63 837.3 56.1 29.0 74.3 18.1 0.0 31.5 1046.2 601.5 1 Yes

4 Peak Night (Early May) 0.38 505.0 33.8 29.0 74.3 18.1 0.0 20.5 680.7 403.8 0 Yes

5 Peak Day (Late July) 0.47 624.6 41.8 29.0 74.3 18.1 0.0 33.9 821.7 475.0 0 Yes

6 Peak Night (Late July) 0.26 345.5 23.1 29.0 74.3 18.1 0.0 21.1 511.1 308.9 0 Yes

7 Peak Day (Mid November) 0.75 996.8 66.8 29.0 74.3 18.1 0.0 36.7 1221.6 696.4 3 No

8 Peak Night (Mid November) 0.48 637.9 42.7 29.0 74.3 18.1 0.0 24.9 826.9 482.9 0 Yes

NP RURAL NARL VALE CBP&P DUCK

1 Peak Day (Mid January) 1 1504.0 95.3 29.0 74.3 18.1 0.0 53.3 1774.0 998.2 3 No

2 Peak Night (Mid January) 0.7 1052.8 66.7 29.0 74.3 18.1 0.0 38.5 1279.3 729.7 3 No

3 Peak Day (Early May) 0.63 947.5 60.0 29.0 74.3 18.1 0.0 35.0 1163.9 667.1 2 Yes Note 3

4 Peak Night (Early May) 0.38 571.5 36.2 29.0 74.3 18.1 0.0 22.6 751.7 443.4 0 Yes

5 Peak Day (Late July) 0.47 706.9 44.8 29.0 74.3 18.1 0.0 37.5 910.6 523.9 0 Yes

6 Peak Night (Late July) 0.26 391.0 24.8 29.0 74.3 18.1 0.0 23.1 560.3 336.0 0 Yes

7 Peak Day (Mid November) 0.75 1128.0 71.5 29.0 74.3 18.1 0.0 40.9 1361.8 774.5 3 No

8 Peak Night (Mid November) 0.48 721.9 45.7 29.0 74.3 18.1 0.0 27.6 916.6 532.8 0 Yes

NP RURAL NARL VALE CBP&P DUCK

1 Peak Day (Mid January) 1 1578.0 98.3 29.0 74.3 18.1 0.0 55.7 1853.4 1042.2 3 No

2 Peak Night (Mid January) 0.7 1104.6 68.8 29.0 74.3 18.1 0.0 40.1 1334.9 760.5 3 No

3 Peak Day (Early May) 0.63 994.1 61.9 29.0 74.3 18.1 0.0 36.5 1213.9 694.8 3 No Note 3

4 Peak Night (Early May) 0.38 599.6 37.4 29.0 74.3 18.1 0.0 23.5 781.9 460.1 0 Yes

5 Peak Day (Late July) 0.47 741.7 46.2 29.0 74.3 18.1 0.0 39.1 948.3 544.6 1 Yes

6 Peak Night (Late July) 0.26 410.3 25.6 29.0 74.3 18.1 0.0 24.0 581.2 347.4 0 Yes

7 Peak Day (Mid November) 0.75 1183.5 73.7 29.0 74.3 18.1 0.0 42.7 1421.3 807.5 3 No

8 Peak Night (Mid November) 0.48 757.4 47.2 29.0 74.3 18.1 0.0 28.7 954.7 554.0 1 Yes

Notes:

1. Forecast provided by P. Stratton "NLH Island Demand & Energy Requirements 2018 to 2067" dated 02-25-2011, same as provided to J. Barnard

2. Avalon Load assumed at 59.5% of Total NP Load

3. New CCT available as backup

Forecast Loading (MW) Estimated 

Losses (MW)

2020

2014

Case Load Period
Peak Load 

Factor

System 

Generation 

(MW)

Avalon Load 

(MW)

No. of HRD Units 

On  (2 Lines from 

BDE)

HRD Unit 3 

as Sync. 

Cond.

Case Load Period
Peak Load 

Factor

Forecast Loading (MW) Estimated 

Losses (MW)

2030

Case Load Period
Peak Load 

Factor

Forecast Loading (MW)

Estimated 

Losses (MW)

System 

Generation 

(MW)

Avalon Load 

(MW)

No. of HRD Units 

On (3rd Ckt from 

BDE)

HRD Unit 3 

as Sync. 

Cond.

Estimated 

Losses (MW)

System 

Generation 

(MW)

System 

Generation 

(MW)

2035

Case Load Period
Peak Load 

Factor

Forecast Loading (MW) Avalon Load 

(MW)

No. of HRD Units 

On (3rd Ckt from 

BDE)

HRD Unit 3 

as Sync. 

Cond.

Avalon Load 

(MW)

No. of HRD Units 

On (3rd Ckt from 

BDE)

HRD Unit 3 

as Sync. 

Cond.
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APPENDIX C - DYNAMIC MODEL SHEETS FOR WIND TURBINES MODELED 
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Genaric Wind ~amitY Mod~ o;;ta Shaul's 
WT3G1 

17.4 WT3G1 
Doubly.Fe<l lnduetion Generalllr tlYP• 3) 

'00 1 
This modal iS located at system bus #_ I BUS, 

r.tacllimt idaniifiar # 10, 

This model uses CONs starting with # J, 

and STATEs starting with "" ... K, 

and VA.Rs s.larting \wth # I., 
and ICC»J # M. 

cot4• ' Vatw D"c:lfptloo 

Pss&E 32.0..5 
PS.s®E \Mod~ lllr~ry 

J O.B Xeq. Equl..,~leflt reactance l'or ourrent l*cflon (pu) 

J+1 3o Kptl. PLL first integrator gain 

J+2 f) l:<ipll · Pl.L sacood in lsg;ator gain 

J+3 

0 '' 

Pilmax• PL.L maltm...n limit 

J<-4 3-.o Prated, TUltllne MW ~tlng 

STA-TE& ~ 0e&cr1pd0_11__ 

K Convetlter lag for lpcmd 

K+1 Convener lag for Eqcrnd 

K+2 Pll first lmegrator 

K+3 Pll second in1egrator 

VARs " D•~nptl.on 

L 
Vx. Real componen.l ofvterm in 
generator ref. frame 

L+1 
Vy, Imaginary c;ompo.nent o f Vterm in 

generator ref. frame 

L+2 
lm J· Activoe component of 1he in;ecced 
curanl 

L+3 
l)inj · Reactive componen1 oi the 
injected cumm! 

IC~ , Description 

M 9 N~n~ber o f lumped wind turbines 

IBUS, WT3G1', 10 , ICONIM), CON(J) lo CON{J-+-4}/ 

17-6 
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PSS«<e 32.0.5 
PS.s€£ .,1cdellibral)• 

Generic Wind Generator Model Oa1a Sheets 
WT.3'G1 

~ cmd--------------""1 
From """".......,~ 

Con~ 
Contmr 

~~~ --------------~~ 

Notes: 1. 

2. In ,_.,~,., Vy • 0, V.X: • V111rml ~ lid o5 • e. 

3. ~q = lmii!!Jimuy (ZSORC.E) 

y 
111'1 

E" 
E" y 

Vy 
v lenn 

E" X 

ly 

Si emens Energy, Inc., Po•Ner Ter::hnologmlntemlltiOnat 

X 

Network Reference 
Real Axis: 

17·7 
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f I 

CJ) 

m 
al 
f.l 
m 
:::l 
Cl) 

~ 
~ 

f 
-t 
g. 
1 
i5 

"' s 
!;" 

~ 
i 

18.3 WTJE1 
Electrical Control for Type 3 Wlncl Gon.ratCK" (for WT3G1 and WT3G2) 

This model ~ located at system bus # I BUS 

MiJchinc identifier # 10 

This modol uses CONs starting 'trilh # J 

and STATEs sbal'ti~ with #. K 

and VAR& starting with 

and ICONs starting With 

CON• 

J 

J+1 

J+2 

J+3 

J•4 

J-t5 

J+6 

J+7 

J•8 

J+9 

J+10 

.}+11 

J+12 

# ·-­#. __ 
L 

M 

, Value 

0 ·\ 5 
IS 
5 
0 

o.os 
3 .0 
~- b 

1- t'Z. 

- o ·1 
o·zq ~ 

-o:4--3" 
t .tO 

o.os 

O.•cripdon 

T 1'11 Filter time constant kl voltage regulaiOr (sec) 

l<.p111 Proporlional gain in voltage raptor (pu) 

K~~~o Integrator oaJn in \lolage regula•or (pu) 

Xe. Line drop CCJrnpens8tiOrl reactance (puJ 

T FF' Filler ~e constant In torque regulator 

l<.ppo .Procx>~nal gain i~ to_!'Que regulatOf (pU) 

Ku:li lnteO~nlor gail\ in to.rt~u. regulator (plJ) 

PM!X· Mail~mil. m torqt,~~e regulator (Pu) 

PI\IN· Min limit kl torque regui<MOf' (pu) 

0MX· Max '-nit in voltage reguletOf (pu) 

Or.tN· M1n llmlt.n ~gc rcgulcltor (pu) 

IPMA)(, Max active ClJITent hmlt 

TRV. Vollage sensor time oonstanl 

i 
I 

~G) 

~~ 
~ ~. 

~ 
~ 
~ 
~ 

I 
p 
Ill 
Qj 

~ 
:g 
or 

$~ 
~~ 
~~ 
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PSS€\e 32.0.5 
PSs'&c Model Library 

CONs .. 
J+13 

J+14 

J+15 

J+16 

J~ 17 

J•18 

J+19 

J+20 

J+21 

J+22 

J•23 

J•24 

J+25 

J+28 

J+27 

J+28 

J+291 

J+30 

V;~lue 

0·45 
-o ·+S 
s.o 
o. oS 
o.q 

(. 'Z 

+o.o 
-o. s 
o.4 
0 ·05 

0 · 05 

I· 0 

O·b9 

" ·IS 
0·'18 
\. \'2. 

() •'1+ 
f . '2. 

STA'rE• • 
K 

K+1 

K+2 

K+3 

K+.( 

K+5 

K-.. 6 

K+7 
K+B 

K+9 

L 

Generic Wind Electrical Model Oeta Sheets 
WT3E1 

Description 

RPMx. Max pow&r order derivalive 

RPr.tN• Min poww order derivative 

T -Po\vw Power filler lmc constant 

Kq. MVAA!Vottage g::~ln 

VMINCl, t..1ln voltege limit 

VMAXcL. Max voltage limit 

Kq'~~ VOI~eiMVAR gain 

XIOmin 

XfQmax 

T.,., Lag time conswnt In WlllldVar conttdlor 

Tp. Petec fi!ler in fas.1 PF controller 

Fn. A oortion of online wind ublne~ 

wP,.,, Shaft speed at Pm n (pu) 

wP2o. Shaft speed at 2004 rotec1 powet (pu) 

wP4o. Shaft speed at40% rated PoY<'Ot' (pu) 

(.()Pro. Shaft speed at 60% mted power (pu) 

Pmln· Minimum power for operating al roPtao speed fpu) 

6."1P1oo. Shaft speed at 100% rated power (put 

Dasc:rfpOon 

Fill« in voltage regulator 

lotGgtator in VC~.1age regulator 

FlltCII' In torq1.10 regulator 

Integrator in torque regulator 

Volttlgc scMor 

Po\\;er 'litter 

MVARNrel integrator 

Verro~temal INlehlne V()IJtage integrator 

Lag ol the WindV.-r ~r'OIIer 

Input fllter of P elec lor PF rotst contrcller 

Siemens; Ef141i«lv. Inc... Power Technolooies lniJm'\SIIonal Hl.-7 

GT-SC-NLH-005, Attachment 2 
Page 49 of 166, 100 MW Combustion Turbine Generation - Holyrood



 

 

Gflnerlc Wtnd ElocC~I Modo/ OQta Shoots 
WT3E'1 

PSSIYE 32.0.S 
PS,s@e Mode:J LJOrory 

VA~s I# Description 

L•1 MVAR Ofdor trom MVAR 001u&ator 

L•2 Q referMOO [f PFAFlG=O & VARFLG=O 

L•3 pf angrc rcfctcnoo if PFAFlG= 1 

L+4 Storage of MW for computaficn or ccmpensated vcllage 

L+5 Storage of MVAR fer oolll'utatilon of oompenssted voltage 

1.+6 81.~e of MVA fer oomputatfon of compensated voltage 

18-B Siemens EMrgy, lnc., Power Technologies !ntematiooal 
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Flss®l: S2 0.5 
PSS8'E Model Library 

Generic Wind Electrieaf Model Data Shoots 
WT3E1 

I COM$ I# De.s.clfpllon 

M 0 Rem~e bus Jl lotr ll{lltagii control; 0 lor local voll:age coo1ro1 

VARFLG: 

M:+1 I 0 ~nstant a oonlrol 
1 Use Wind Plant reactive power control 

-1 Constant power factor control 

VLTFL.G: 

M~2·1 l 
0 B)'l)aSS te.mlinnl wltago· oonttol 
1 Eqomd limits are cafculated as VTerm i' XIOmin and 

VTem1 + XlQma;~e, 

i.e .. limits ere funclions of terminal voiJ.896 
2 Eqmtd limits are equallo XIQmln and XlQ max 

M+3 ~I From bus of the lntereonnec11oo cmnslormcr 
M+4 lo 1 To lbus of lhe lnteroonnedlon transformer 

M+5 \ lnteroonnection ·branc;tQrmer tO 
1 WT.lE1 11i10llnl ~;~~nht ll~d'-"HhWT3G11!!1well aewr.IG2modelt. YltMlnu!!ildwlliWT8G1 

rncdel", N IS r&OO!llmMillld 11\iiliCONt~•Z) lila !iCI ID 'i ; l:lnd •hen u:iOd "'ilh 'II'Ta<J2 mcdel, 
lha ICON(n.HZ) be ~Gt to 2. 

I BUS, 'WT3E1 ' , ID, ICON(M) lo ICON(M~5). CON(J) to CON.J+30) 1 

Siemens Energy, Inc., Power f ecnnologles lntemalional 18-!1 
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Generlc Wltld ~~ Mo<Jal Dsttt Sheets 
Wf3E1 

-' ... 
J -
~ r ... ,"1 
;. kG l, 
~ l 

l 
,t 

Q, 

PSs4fle 32.0.5 
PSs®E Modef Lllraty 

18-10 Siemens: Energy. Inc., Power TechnoiO':Jies;ntem~lonal 
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PSS~32.0.5 
PS.stl: Model Lilbro;y 

Generic Wind Mechanical Mod~ Data Sheets 
WT3T1 

19.3 WT3T1 
Mechanical S}"6tem Model for Type 3 WJnd Generator (fbr WT3G1 and WT3G:2) 

This model Is le<:aled at system bus tJ reus, 
Machine lctentlfiet f1 10, 

This l'nOdel USC$ CONs sla'ting wilh ti J, 

ond STATEs :starting 'trilh 

ond VAFU S'IBrting with 

# __ _ 

# __ _ 
K, 

L 

In l::lkmdr,lhls model requires one reserved ICON. 

ccms I value Descrlpdolll 

J O· 'f+ vw. lnillal wind. pu or nrled wind speed 

J+1 4·'1S H, T01al lnenh~ constant, sec 

J+2 ,o DAMP, fd.aetline damrM!J factor, pu P/pu speed 

J+3 O .(Xf7_ 1\illllro• Aerodynamic gain ~or 

J+4 2.1.')8 Theta2, Blade pitch at 1wlce rated w.ilnd speed, deg. 

J+5 o. a,s Hlhe· T urbi"le in alii a fraction (Hiul'biH) 1 

J+6 \. s Freq1, Fi rst ~mtt torsional resonant frequency. Hz 

J+7 I· S Osha1t. Shal'l dilmping filctor (pu) 

1 TO lnJUI!!!e OOIHIIIIM tiMIOOill1i!:alt.y8\&flll Set liiTrac • ll 
To lirnulil~ J.wo.man mecltanic:d s;r.:t11m, set Mtm.G as 0 c. Hifr<~c c 1. 

STATEs • Dncrlpdon 

K Shaft lwJst ang~. rad. 

K+l TUJbjne rotor s:peed devtatlon, pu 

K+2 Generator speed de.viaiion, pu 

K•3 Generator rotor angle d'eviatio.n, pu 

VARa , 
' D'tsCtlpHon 

L faero on the rotor bfade side, pu 

L1'1 1n111a1 ~or ~ip 

L-t2 lnl1131 internal angle 

L+3 Initial pUeh al'lgle 

L+4 P l'lt!ro lrttll!l 

fBUS, 'WT3T1 ',10, COI'I(J) lo OON (J+7) I 

Siemens Ena'1Jy, Inc., Power Ted!lnologiies lrntematlooal 

I 
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Generic Wff!Q Mectutnic;tJI IWXJcf Data Shoot's 
WT3T1 

Hn = H-H, 

K-..run ·= ~2;_:1"1t:.;lC--"..J"~.:-x __ (~z,..it ... k_F ... '~;.;:.;.1 :..r 
H:.C. ut 

WAE~OT 

' 

Pss®E 32.0.5 
PSStile Model Ubrary 

Rdof 
Angle 

Delli;.~tlon 
t--

19·6 Siemens energy, Inc., Power Teehn01ogle$.ll'lhimatlonill 
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PSs®E 3·2_0_5 
Pss€£ Model Library 

Generic Wind Pitch Control Model !)ate Sheets 
WT3P1 

20.2 WT3.P1 
Pitch Control Modol for Type 3 Wind Generrator tfor WT3G'1 and WT3G2) 

1tis model is foca'tad at system bu:s fl __ _ IBIJS, 

ID, Machine idenllfiler # __ _ 

This model uses C ONs starting 'l'lf1h # __ _ J, 

and STATEs s&artJng wJ1h # __ _ K 

In blkmdl, this model requirss am.e reserved ICON. 

COI\t5 II ~lut Dncrtptllon 

J 0.3 T P• Blade response time constant 

J+1 rso Kpp. Proportional gain of Ptl regulator (pu) 

J•2 G..S Kip• li'ltegraiOr gain cl PI regulalor (pu) 

JT3 3 Kpc- Proportloi"''JI gain of lhe com,pensator (pu) 

.J+4 3o Ki~;o lntegrat01 gain of the QOIIlpensator (pu)• 

J+5 0 TetaMin, LDI\'Br pitctt angle limit (degrees) 

J~ 2"1 Te'laMax, Upper pitch an~ limt (degrees) 

J+7 lO RTetaMax, U~per pitch angle ra~a limit (degrees/sec) 

J~a l Pwc:, Pcwar r·eferance, pu on MBASE 

Note: \Nhen a WT operates \v.'lh a partial oo1put, lhe .cs;~~~. may show 
INITIAL CONDITION SUSPf:CT. In thl!i Clil~ no a _ _ _ _ dedL 

STATE5 :1# Dlillliclipt·lon 

K Output I!"IQI I 

KH Pilch cootral · 

K-i-2 Pilch compens.atJon 

ISUS. WT3P1',1D, CON(J) to CON CJ+8) I 

Siemens Energy, Inc., Power T edlnologies International 20-3 
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Gooi'Jiic Wind P11ch Control Mod6'1 Oats stJse.ts 
WT3P1 

SP6ED 
Frgm 

WT3TI 
J,lolf~l 

From 
WT3C1 
Model 

Pilctl COOCrol 

Pss®E 3Z.0.5 
PSA Mocfal L))rary 
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APPENDIX D - GRAPHICAL LOAD FLOW RESULTS 2020 EXTREME LIGHT LOAD 

500 MW WIND GENERATION 
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2020 Extreme Light Load Base Case 500MW wind integration (81% Wind Penetration) 
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2020 Extreme Light Load Base Case 500MW wind integration (81% Wind Penetration) 

 

Proposed Locations of 25MW Wind Farms -Isolated Island Case 
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APPENDIX E - GRAPHICAL LOAD FLOW RESULTS 2020 PEAK LOAD 

500 MW WIND GENERATION 
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2020 Peak Load  Base Case 500MW wind integration (27% Wind Penetration) 
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2020 Peak Load Base Case 500MW wind integration (27% Wind Penetration)

Proposed Locations of 25MW Wind Farms -Isolated Island Case 
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APPENDIX F - GRAPHICAL LOAD FLOW RESULTS 2035 EXTREME LIGHT LOAD 

500 MW WIND GENERATION 
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2035 Extreme Light Load 500MW Wind (71% Wind Penetration) 
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2035 Extreme Light Load 500MW Wind (71% Wind Penetration)

Proposed Locations of 25MW Wind Farms -Isolated Island Case 

Western I GNP 

T .. 
f~ 
t . 

Peter•s Barren 

~ 1 1 
f-~ f.~ 
t t 

SteJ)henville 

T "" 
T ·­T '· 

t 
Bear Cove 

Massey Drive 

~---1-1-" 

f.~ f-~ 
Bus· VOLT AGE (kV/PU) 
Branch· MW/Mvar 
Equipment· MW/Mvar 
100.0%RATEC 

t t 
Ooytes 

ilJl~'a'e611!!~'900<= 16 .000<=25 .000 <=69 .000<= 138 .000<=230 .OO!P 230 .000 

Centr~l 

Springdale 

T -' 
·-T. T -· 

t 
Buchans 

Cobb·s Pond 

Western Av~lon 
Burin Peninsul~ 

Sunnyside 

1 1 
+~ f~ 
tt 

St. lawrence 

Total Wind Generation= 500.0 MW 

E~stern Av~lon 

+ -~ 

rr-· 
f.~ 

+~Heart's Content 

+ ~ 
t 

":T'"t ---:"1~.· ': 

Bay Roberts f.~ 
t 

0 Kelligrews 

Goulds 
2035 EXTREME LIGHT LOAD BASE CASE 

500MWWIND 
MON, JUN 04 2012 9:13 

GT-SC-NLH-005, Attachment 2 
Page 69 of 166, 100 MW Combustion Turbine Generation - Holyrood



 

 

APPENDIX G - GRAPHICAL LOAD FLOW RESULTS 2035 PEAK LOAD 

500 MW WIND GENERATION 
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2035 Peak  Load 500MW Wind (25% Wind Penetration) 
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2035 Peak  Load 500MW Wind (25% Wind Penetration)

Proposed Locations of 25MW Wind Farms -Isolated Island Case 
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APPENDIX H - STABILITY RESULTS 2020 EXTREME LIGHT LOAD 

225 MW WIND GENERATION 
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2020 Extreme Light Load – 225MW Wind – Generation Dispatch Prior to Dynamic Simulations 

0----

o---~1'" .... 

"' ~ 
t-------~----n>~·~· ------~C------, 

11 
TL.H'JTOM 

H 

n>" 
n>" 

" 

"''""'"' 
0 "' ---1 w •• 

••• 
"·"' ... "' 

'" 0--1"' .,.OIMill...el 
(<y li 

"'"" 0- -I'" 

Aeanl!l.s.., 
l€C -.,-... 

' 1U}8 I 

"'...;.--+ 

' ·------· 

)ClC £cl'll!Mi uOOI.OAOe..o.sE (~<Sf.. }}SM'-''1-v.!O 
-'"•· v.v.~o•a.rnv.nc,.. 
r....., NJ(; :6 lC:l :l .U 

:16 
,, 

"~ "I ' ' ' ' 
' 

6 
(ATMM 

n>" J.e!TI$.(1\. 

ml 
" 

~1 
" "c! "o---~ 

n 

n>H 

"'""""" """' 
""' ((le8Sf(lf10 

l:S 

SCUT'MeACCc ru:e 
I!ISI-()fS Q 
""' :l€~ 

' , _ 
<6&€0 0 61&8 "'"' 

' ' "' 
)S I );<! I 

~'1.0:::00 

-_-... ---~ 

"Y 1 ~ n.nl>l~ 
:lC~ :H~ TL.l:C 

" " ll 

TU~') TO ~0 
H, _-- -0 ~HU(;f_ 
'" 1----0 INWISi lllv8l 

~ 

HC: 

-.{};:--- -0 

"' 
~} ----0 

~~ ----0 

~} ----0 

"' 

e..~. W~TAGE !11.11 
e....,<.h ·MYA,.i't,OfllA!'H 
E.!uoJ>m"'~ • MN/MM 

• .• • '-! ··)~I;Vo' 
W (.0 ')CC <•lS ~~C 

HC 

ruca 

11.6~AYN.(l« 

rue: 

" 
"' 11 " H 

vN..E.,.<:O 

'!I 
<? 

' .... _ 
~"' 

"' +-o 
TLl~1 ~ ----0 

n>" 

n>" " 
" 

HC~WlOOO 
ru:a 

" " "' 1 ' " 11 " 

GT-SC-NLH-005, Attachment 2 
Page 76 of 166, 100 MW Combustion Turbine Generation - Holyrood



 

 

 

  

GT-SC-NLH-005, Attachment 2 
Page 77 of 166, 100 MW Combustion Turbine Generation - Holyrood



 

 

Case 1 – Loss of 74.3MW load at VBN 

This causes an over frequency condition above 61.2 Hz. All wind turbines over frequency protection is engaged 

at 61.2Hz with time delay of 0.2seconds, thus causing loss of 225MW of generation from the island. This is 

considered unacceptable, thus there was a reduction in over frequency settings for several wind turbines to 

prevent mass tripping of all units at the same time. The following plots show system frequency response and 

power output from 3 wind turbine plants (two of which trip at 60.6 and 60.75 Hz respectively). 
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Case 2 – Loss of Largest Unit (BDE 7 at 90 MW) 

For this contingency, the system is stable and all wind turbines remain connected to the grid. Frequency decline 

reaches 58.3 Hz and is arrested by operation of 44MW of load shedding.  The plots below outline the system 

frequency and wind turbine / Bay d’Espoir Unit 5 power output responses.  
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Case 3 – Sudden Load Increase of 15 MW 
 

For this event, system frequency reaches a minimum level 59.6 Hz, which is slightly above the first stage under 

frequency load shedding stage of 59.5 Hz. This is the pre-defined limit of frequency decline for this type of 

event. The plots below outline the system frequency and a wind turbine / Bay d’Espoir Unit 7 power output 

responses. 
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Case 4 – 3 Phase Fault at HWD (6 cycles – Trip TL242) 

For this contingency a three phase fault has been applied on TL242 near Hardwoods terminal station for 6 

cycles, followed by the tripping of TL242 to isolate the fault. The results indicate that the system maintains 

synchronism and all wind turbines ride through the under voltage disturbance. The plots below show the 

system frequency as well as wind turbine power output and voltage at terminals of the machines. The LVRT 

capability of the wind turbines enable them to ride through the fault condition. 
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Case 5 – 3 Phase Fault at SSD (6 cycles – Trip TL202) 

For this contingency a three phase fault has been applied on TL202 near Sunnyside terminal station for 6 cycles, 

followed by the tripping of TL202 to isolate the fault. The results indicate that the system maintains 

synchronism and all wind turbines ride through the under voltage disturbance. The plots below show the 

system frequency as well as wind turbine power output and voltage at terminals of the machines. The LVRT 

capability of the wind turbines enable them to ride through the fault condition. 
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Case 6 – 3 Phase Fault at STB (6 cycles – Trip TL231) 

For this contingency a three phase fault has been applied on TL231 near Stony Brook terminal station for 6 

cycles, followed by the tripping of TL231 to isolate the fault. The results indicate that the system maintains 

synchronism and all wind turbines ride through the under voltage disturbance. The plots below show the 

system frequency as well as wind turbine power output and voltage at terminals of the machines. The LVRT 

capability of the wind turbines enable them to ride through the fault condition. 
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Case 7 – 3 Phase Fault at BBK (6 cycles – Trip TL233) 

For this contingency a three phase fault has been applied on TL233 near Bottom Brook terminal station for 6 

cycles, followed by the tripping of TL233 to isolate the fault. The results indicate that the system maintains 

synchronism and all wind turbines ride through the under voltage disturbance. The plots below show the 

system frequency as well as wind turbine power output and voltage at terminals of the machines. The LVRT 

capability of the wind turbines enable them to ride through the fault condition. 
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Case 8 – LG Fault at TL242 Near HRD  

For this contingency a line to ground fault has been applied on TL242 near Holyrood Generating station for 6 

cycles, followed by the single phase, then an unsuccessful reclose after 30 seconds. All 3 phases of TL242 are 

finally tripped after the unsuccessful clearing of the fault. The results indicate that the system maintains 

synchronism and all wind turbines ride through the under voltage disturbance. The plots below show the 

system frequency as well as wind turbine power output and voltage at terminals of the machines. The LVRT 

capability of the wind turbines enable them to ride through the fault condition. 
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Case 9 – LG Fault at TL202 Near SSD  

For this contingency a line to ground fault has been applied on TL202 near Sunnyside terminal station for 6 

cycles, followed by th single phase, then an unsuccessful reclose after 30 seconds. All 3 phases of TL202 are 

finally tripped after the unsuccessful clearing of the fault. The results indicate that the system maintains 

synchronism and all wind turbines ride through the under voltage disturbance. The plots below show the 

system frequency as well as wind turbine power output and voltage at terminals of the machines. The LVRT 

capability of the wind turbines enable them to ride through the fault condition. 
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APPENDIX I - STABILITY RESULTS 2020 PEAK LOAD 

500 MW WIND GENERATION 

  

GT-SC-NLH-005, Attachment 2 
Page 96 of 166, 100 MW Combustion Turbine Generation - Holyrood



 

 

  

GT-SC-NLH-005, Attachment 2 
Page 97 of 166, 100 MW Combustion Turbine Generation - Holyrood



 

 

 

2020 Peak Load – 500MW Wind – Generation Dispatch Prior to Dynamic Simulations 
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Case 1 – Loss of 74.3MW load at VBN 

This causes an over frequency condition that reaches a maximum of 60.4Hz. All wind turbines remain on line 

as frequency doesn’t reach 60.6Hz which is first wind turbine trip setpoint. The following plots show system 

frequency response, power output and terminal voltage from 3 wind turbine plants, and generator rotor angle 

with respect to Bay d’Espoir Unit 5. 
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Case 2 – Loss of Largest Unit (BDE 7 at 110 MW) 

For this contingency, the system is stable and all wind turbines remain connected to the grid. Frequency 

decline reaches 58.8 Hz and is arrested by operation of 35MW of load shedding.  The plots below outline the 

system frequency, wind turbine / Bay d’Espoir Unit 5 power output and some key generator rotor angle with 

respect to Bay d’Espoir Unit 5.  
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Case 3 – Sudden Load Increase of 15 MW 
 

For this event, system frequency reaches a minimum level 59.9 Hz, which is slightly above the first 

stage under frequency load shedding stage of 59.5 Hz. This is the pre-defined limit of frequency 

decline for this type of event. The plots below outline the system frequency, Bay d’Espoir Unit 5 and 

some wind turbine power output responses. 
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Case 4 – 3 Phase Fault at HWD (6 cycles – Trip TL242) 

For this contingency a three phase fault has been applied on TL242 near Hardwoods terminal station for 6 

cycles, followed by the tripping of TL242 to isolate the fault. The results indicate that the system maintains 

synchronism and all wind turbines ride through the under voltage disturbance. The plots below show the 

system frequency, wind turbine power output and voltage at terminals of the machines and select generator 

rotor angles relative to Bay d’Epoir Unit #5. The LVRT capability of the wind turbines enable them to ride 

through the fault condition. 
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Case 5 – 3 Phase Fault at SSD (6 cycles – Trip TL202) 

For this contingency a three phase fault has been applied on TL202 near Sunnyside terminal station for 6 

cycles, followed by the tripping of TL202 to isolate the fault. The results indicate that the system maintains 

synchronism and all wind turbines ride through the under voltage disturbance. The plots below show the 

system frequency, wind turbine power output and voltage at terminals of the machines and select generator 

rotor angles relative to Bay d’Epoir Unit #5. The LVRT capability of the wind turbines enable them to ride 

through the fault condition. 
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Case 6 – 3 Phase Fault at STB (6 cycles – Trip TL231) 

For this contingency a three phase fault has been applied on TL231 near Stony Brook terminal station for 6 

cycles, followed by the tripping of TL231 to isolate the fault. The results indicate that the system maintains 

synchronism and all wind turbines ride through the under voltage disturbance. The plots below show the 

system frequency, wind turbine power output and voltage at terminals of the machines and select generator 

rotor angles relative to Bay d’Epoir Unit #5. The LVRT capability of the wind turbines enable them to ride 

through the fault condition. 
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Case 7 – 3 Phase Fault at BBK (6 cycles – Trip TL233) 

For this contingency a three phase fault has been applied on TL233 near Bottom Brook terminal station for 6 

cycles, followed by the tripping of TL233 to isolate the fault. The results indicate that the system maintains 

synchronism and all wind turbines ride through the under voltage disturbance. The plots below show the 

system frequency, wind turbine power output  and select generator rotor angles relative to Bay d’Epoir Unit 

#5. The LVRT capability of the wind turbines enable them to ride through the fault condition. 
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Case 8 – LG Fault at TL242 Near HRD  

For this contingency a line to ground fault has been applied on TL242 near Holyrood Generating station for 6 

cycles, followed by the single phase, then an unsuccessful reclose after 30 seconds. All 3 phases of TL242 are 

finally tripped after the unsuccessful clearing of the fault. The results indicate that the system maintains 

synchronism and all wind turbines ride through the under voltage disturbance. The plots below show the 

system frequency as well as wind turbine power output and voltage at terminals of the machines. The LVRT 

capability of the wind turbines enable them to ride through the fault condition. 
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Case 9 – LG Fault at TL202 Near SSD  

For this contingency a line to ground fault has been applied on TL202 near Sunnyside terminal station for 6 

cycles, followed by the single phase, then an unsuccessful reclose after 30 seconds. All 3 phases of TL202 are 

finally tripped after the unsuccessful clearing of the fault. The results indicate that the system maintains 

synchronism and all wind turbines ride through the under voltage disturbance. The plots below show the 

system frequency as well as wind turbine power output and voltage at terminals of the machines. The LVRT 

capability of the wind turbines enable them to ride through the fault condition. 
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APPENDIX J - STABILITY RESULTS 2035 EXTREME LIGHT LOAD 

300 MW WIND GENERATION 
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2035 Extreme Light Load – 300MW Wind – Generation Dispatch Prior to Dynamic Simulations 
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Case 1 – Loss of 74.3MW load at VBN 

This causes an over frequency condition above 61.2 Hz. All wind turbines over frequency protection are 

engaged at 61.2Hz with time delay of 0.2seconds, thus causing loss of 300MW of generation from the island. 

This is considered unacceptable, thus there was a reduction in over  frequency settings for several wind 

turbines to prevent mass tripping of all units at the same time. The following plots show system frequency 

response and power output from 3 wind turbine plants (two of which trip at 60.6 and 60.75 Hz respectively). 
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Case 2 – Loss of Largest Unit (BDE 7 at 81 MW) 

For this contingency, the system is stable and all wind turbines remain connected to the grid. Frequency 

decline reaches 58.5 Hz and is arrested by operation of 36MW of load shedding.  The plots below outline the 

system frequency and wind turbine / Bay d’Espoir Unit 5 power output responses.  
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Case 3 – Sudden Load Increase of 15 MW 
 

For this event, system frequency reaches a minimum level 59.6 Hz, which is slightly above the first stage 

under frequency load shedding stage of 59.5 Hz. This is the pre-defined limit of frequency decline for this 

type of event. The plots below outline the system frequency and a wind turbine / Bay d’Espoir Unit 5 power 

output responses. 
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Case 4 – 3 Phase Fault at HWD (6 cycles – Trip TL242) 

For this contingency a three phase fault has been applied on TL242 near Hardwoods terminal station for 6 

cycles, followed by the tripping of TL242 to isolate the fault. The results indicate that the system maintains 

synchronism and all wind turbines ride through the under voltage disturbance. The plots below show the 

system frequency, wind turbine power output  and select generator rotor angles relative to Bay d’Epoir Unit 

#5. The LVRT capability of the wind turbines enable them to ride through the fault condition. 
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Case 5 – 3 Phase Fault at SSD (6 cycles – Trip TL202) 

For this contingency a three phase fault has been applied on TL202 near Sunnyside terminal station for 6 

cycles, followed by the tripping of TL202 to isolate the fault. The results indicate that the system maintains 

synchronism and all wind turbines ride through the under voltage disturbance. The plots below show the 

system frequency, wind turbine power output  and select generator rotor angles relative to Bay d’Epoir Unit 

#5. The LVRT capability of the wind turbines enable them to ride through the fault condition. 
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Case 6 – 3 Phase Fault at STB (6 cycles – Trip TL231) 

For this contingency a three phase fault has been applied on TL231 near Stony Brook terminal station for 6 

cycles, followed by the tripping of TL231 to isolate the fault. The results indicate that the system maintains 

synchronism and all wind turbines ride through the under voltage disturbance. The plots below show the 

system frequency as well as wind turbine power output and voltage at terminals of the machines. The LVRT 

capability of the wind turbines enable them to ride through the fault condition. 
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Case 7 – 3 Phase Fault at BBK (6 cycles – Trip TL233) 

For this contingency a three phase fault has been applied on TL233 near Bottom Brook terminal station for 6 

cycles, followed by the tripping of TL233 to isolate the fault. The results indicate that the system maintains 

synchronism and all wind turbines ride through the under voltage disturbance. The plots below show the 

system frequency as well as wind turbine power output and voltage at terminals of the machines. The LVRT 

capability of the wind turbines enable them to ride through the fault condition. 
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Case 8 – LG Fault at TL242 Near HRD  

For this contingency a line to ground fault has been applied on TL242 near Holyrood Generating station for 6 

cycles, followed by the single phase, then an unsuccessful reclose after 30 seconds. All 3 phases of TL242 are 

finally tripped after the unsuccessful clearing of the fault. The results indicate that the system maintains 

synchronism and all wind turbines ride through the under voltage disturbance. The plots below show the 

system frequency as well as wind turbine power output and voltage at terminals of the machines. The LVRT 

capability of the wind turbines enable them to ride through the fault condition. 
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Case 9 – LG Fault at TL202 Near SSD  

For this contingency a line to ground fault has been applied on TL202 near Sunnyside terminal station for 6 

cycles, followed by the single phase, then an unsuccessful reclose after 30 seconds. All 3 phases of TL202 are 

finally tripped after the unsuccessful clearing of the fault. The results indicate that the system maintains 

synchronism and all wind turbines ride through the under voltage disturbance. The plots below show the 

system frequency as well as wind turbine power output and voltage at terminals of the machines. The LVRT 

capability of the wind turbines enable them to ride through the fault condition. 
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APPENDIX K - STABILITY RESULTS 2035 PEAK LOAD 

500 MW WIND GENERATION 
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2035 Peak Load – 500MW Wind – Generation Dispatch Prior to Dynamic Simulations 
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Case 1 – Loss of 74.3MW load at VBN 

This causes an over frequency condition that reaches a maximum of 60.3Hz. All wind turbines remain on 

line as frequency doesn’t reach 60.6Hz which is first wind turbine trip setpoint. The following plots show 

system frequency response and power output from 3 wind turbine plants. Spikes in wind turbine power are 

numerical in nature caused by stopping and starting the simulation at that point in time. 
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Case 2 – Loss of Largest Unit (BDE 7 at 110 MW) 

For this contingency, the system is stable and all wind turbines remain connected to the grid. Frequency 

decline reaches 58.8 Hz and is arrested by operation of 35MW of load shedding.  The plots below outline 

the system frequency, wind turbine / Bay d’Espoir Unit 5 power output and some key generator rotor angle 

with respect to Bay d’Espoir Unit 5.  
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Case 3 – Sudden Load Increase of 15 MW 
 

For this event, system frequency reaches a minimum level 59.9 Hz, which is not close to the first stage 

under frequency load shedding stage of 59.5 Hz. This load increase has no impact on system operations 

with respect to wind turbine operation. The plots below outline the system frequency,  Bay d’Espoir Unit 5 

and some wind turbine power output responses. 
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Case 4 – 3 Phase Fault at HWD (6 cycles – Trip TL242) 

For this contingency a three phase fault has been applied on TL242 near Hardwoods terminal station for 6 

cycles, followed by the tripping of TL242 to isolate the fault. The results indicate that the system maintains 

synchronism and all wind turbines ride through the under voltage disturbance. The plots below show the 

system frequency, wind turbine power output and voltage at terminals of 3 wind turbines and select 

generator rotor angles relative to Bay d’Epoir Unit #5. The LVRT capability of the wind turbines enable them 

to ride through the fault condition. 
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Case 5 – 3 Phase Fault at SSD (6 cycles – Trip TL202) 

For this contingency a three phase fault has been applied on TL202 near Sunnyside terminal station for 6 

cycles, followed by the tripping of TL202 to isolate the fault. The results indicate that the system maintains 

synchronism and all wind turbines ride through the under voltage disturbance. The plots below show the 

system frequency, wind turbine power output and voltage at terminals of 3 wind turbines and select 

generator rotor angles relative to Bay d’Epoir Unit #5. The LVRT capability of the wind turbines enable them 

to ride through the fault condition. 
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Case 6 – 3 Phase Fault at STB (6 cycles – Trip TL231) 

For this contingency a three phase fault has been applied on TL231 near Stony Brook terminal station for 6 

cycles, followed by the tripping of TL231 to isolate the fault. The results indicate that the system maintains 

synchronism and all wind turbines ride through the under voltage disturbance. The plots below show the 

system frequency, wind turbine power output and voltage at terminals of 3 wind turbines and select 

generator rotor angles relative to Bay d’Epoir Unit #5. The LVRT capability of the wind turbines enable them 

to ride through the fault condition. 

 

 

GT-SC-NLH-005, Attachment 2 
Page 154 of 166, 100 MW Combustion Turbine Generation - Holyrood



 

 

 

 

 

  

GT-SC-NLH-005, Attachment 2 
Page 155 of 166, 100 MW Combustion Turbine Generation - Holyrood



 

 

Case 7 – 3 Phase Fault at BBK (6 cycles – Trip TL233) 

For this contingency a three phase fault has been applied on TL233 near Bottom Brook terminal station for 

6 cycles, followed by the tripping of TL233 to isolate the fault. The results indicate that the system 

maintains synchronism and all wind turbines ride through the under voltage disturbance. The plots below 

show the system frequency, wind turbine power and terminal voltage of 3 wind turbines  and select 

generator rotor angles relative to Bay d’Epoir Unit #5. The LVRT capability of the wind turbines enable them 

to ride through the fault condition. 
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Case 8 – LG Fault at TL242 Near HRD  

For this contingency a line to ground fault has been applied on TL242 near Holyrood Generating station for 

6 cycles, followed by the single phase, then an unsuccessful reclose after 30 seconds. All 3 phases of TL242 

are finally tripped after the unsuccessful clearing of the fault. The results indicate that the system maintains 

synchronism and all wind turbines ride through the under voltage disturbance. The plots below show the 

system frequency, wind turbine power and terminal voltage of 3 wind turbines  and select generator rotor 

angles relative to Bay d’Epoir Unit #5. The LVRT capability of the wind turbines enable them to ride through 

the fault condition. 
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Case 9 – LG Fault at TL202 Near SSD  

For this contingency a line to ground fault has been applied on TL202 near Sunnyside terminal station for 6 

cycles, followed by the single phase, then an unsuccessful reclose after 30 seconds. All 3 phases of TL202 

are finally tripped after the unsuccessful clearing of the fault. The results indicate that the system maintains 

synchronism and all wind turbines ride through the under voltage disturbance. The plots below show the 

system frequency, wind turbine power and terminal voltage of 3 wind turbines  and select generator rotor 

angles relative to Bay d’Epoir Unit #5. The LVRT capability of the wind turbines enable them to ride through 

the fault condition. 
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APPENDIX L – LOSS OF MULTIPLE WIND FARMS 

  

GT-SC-NLH-005, Attachment 2 
Page 162 of 166, 100 MW Combustion Turbine Generation - Holyrood



 

 

 

GT-SC-NLH-005, Attachment 2 
Page 163 of 166, 100 MW Combustion Turbine Generation - Holyrood



 

 

Case 1 – Loss of Two 25MW Wind Farms 

This event causes an under frequency condition that reaches a minimum of 58.79Hz. The frequency 

decline is arrested as a result of 9MW of load shedding due to the 58.8Hz under frequency load shed 

protection scheme. The following plot shows system frequency response over a 25 second time period. 
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Case 2 – Loss of Two 25MW Wind Farms with Added Inertia 

This event causes an under frequency condition that reaches a minimum of 58.79Hz. The frequency 

decline is arrested as a result of 9MW of load shedding due to the 58.8Hz under frequency load shed 

protection scheme. The following plot shows system frequency response over a 25 second time period. 

 

 

 

 

  

GT-SC-NLH-005, Attachment 2 
Page 165 of 166, 100 MW Combustion Turbine Generation - Holyrood



 

 

Case 3 – Loss of Three 25MW Wind Farms with Added Inertia 

This event causes an under frequency condition that reaches a minimum of 58.79Hz. The frequency 

decline is arrested as a result of 9MW of load shedding due to the 58.8Hz under frequency load shed 

protection scheme. The following plot shows system frequency response over a 25 second time period. 
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