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Introduction 
 
The British Columbia Hydro and Power Authority (BC Hydro) is the largest electric utility in 
British Columbia, serving approximately 95% of the province's population and 1.7 million 
customers. BC Hydro's various facilities generate between 43,000 and 54,000 gigawatt hours 
(GWh) of electricity annually, depending on prevailing water levels. Electricity is delivered 
through a network of 18,336 kilometers (km) of transmission lines and 55,705 km of distribution 
lines. About 90% of BC Hydro's generation is presently produced by hydroelectric means.  
 
Currently, no utility-scale wind farms are in operation in the Province of British Columbia (BC). 
As a result of its fall 2006 Call for Power, BC Hydro has signed Electricity Purchase Agreements 
(EPA) with three wind farms in BC; Dokie, Bear Mountain, and Mt. Hays. The wind 
independent power producers (IPP) industry is growing in BC and more wind projects are 
expected to be bid into future power calls. As an intermittent resource, wind energy offers some 
unique challenges for the operation and planning of the generation and transmission system. BC 
Hydro and the British Columbia Transmission Corporation (BCTC) are carrying out wind 
integration studies, which aim to assess the potential impacts of new wind generation on the 
electricity system.  
 
A necessary first step for the wind integration studies is to gather wind data and information 
across the province that are representative of possible future wind generation and develop a data 
set for use in subsequent integration analyses. Under contract number Q7-3472, DNV Global 
Energy Concepts, Inc. (DNV-GEC) was selected by BC Hydro to help fulfill this need by 
providing wind energy consulting services and supplying synthesized wind and wind power 
production data. 

Project Team 

DNV-GEC is the prime contractor for this project, with specified work subcontracted to 
3TIER®, Inc. (3TIER), a meso-scale atmospheric modeling and forecasting services firm, and 
Mr. Ron Nierenberg, a consulting meteorologist in the wind energy industry. DNV-GEC 
coordinated all tasks and maintained communication with the subcontracted parties throughout 
the project’s duration. 

Confidential Information 

Some of the information used for this study was acquired from IPPs operating within BC. This 
information is considered proprietary, and its use is limited by non-disclosure agreements (NDA) 
between BC Hydro and the participating IPPs. Consequently, any such information, for example 
the locations of met towers and statistics derived from meteorological (met) data, is not listed in 
this report. Confidential information important to the study’s results can be found in 
Appendix A. The tables and figures contained therein are available only to BC Hydro, and are 
meant for internal use only. 
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Overview of Project Scope 
 
The objective of this study was to assess the characteristics of wind resources in regions of 
British Columbia that are likely to experience significant wind energy development in the future. 
This was done by synthesizing wind speed, wind direction and wind project power data that 
accurately represent the spatial and temporal characteristics of realistically located and sized 
wind farms that might be built in each region. This information will serve as input to a wind 
integration analysis being undertaken by BC Hydro and the BCTC. 
 
Specific objectives of the study were to:  

o Synthesize wind resource data for selected regions of the province and validate the data 
with acquired observational data. 

o Synthesize wind resource and power production data for theoretical wind power project 
sites in selected regions of the province. The selected temporal resolutions for the study 
were 10 years of 10-minute data and 30 years of monthly data. 

o Simulate wind generation forecasts for theoretical wind power project sites.  
 
In order to achieve these objectives, the project was separated into the following tasks, which are 
described in detail in the following sections: 

Task 1: Wind Modeling 

Task 2: Measured Data and Model Validation 

Task 3: Wind Power Project Delineation and Installed Capacity Estimation 

Task 4: Project Wind and Power Data Generation 
 
The general project process is shown in Figure 1. The presented flowchart is a simplified 
overview, and not all details of the study are shown. More detailed information about each step 
can be found in the text of this report. 
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Figure 1. Flowchart of Project Process 
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Section 1 - Wind Modeling 

The objective of this task was to synthesize wind data over areas of potential wind power project 
development in British Columbia. The complete modeled wind data set served as a source for 
wind resource and power production time series data sets at specific locations (i.e. theoretical 
wind project sites), as described in Sections 3 and 4. To complete this task, the Project Team 
followed the procedures outlined below. 

1.1 Domain Selection 

The geographic scope of this study was focused on areas in the province where wind power 
development potential is greatest. Five geographic areas (domains) were selected for inclusion in 
the study, and wind data were synthesized by 3TIER for each domain using a numerical weather 
prediction (NWP) model. The five domains were selected based on their development potential, 
as indicated by the presence of land secured by Investigative Use Permits (IUPs), and on DNV-
GEC’s and Ron Nierenberg’s knowledge of the wind resource potential and development 
activities throughout the province. IUPs are issued by the province of British Columbia’s 
Integrated Land Management Bureau to prospective developers and permit investigation of an 
area’s wind resource. The five resulting domains used for the study, shown in Figure 2, 
encompass the majority of the current IUPs, as of May, 2008. 
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Figure 2. Model Domains 
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Although data were synthesized for the Northwest domain, this region was ultimately removed 
from the analysis because no locations met the project delineation criteria described in Section 3. 
The data synthesized over this domain are available to BC Hydro for future use, if needed. 

1.2 NWP Model Simulations 

To estimate the wind resource across the five domains, mesoscale NWP simulations were used to 
recreate the weather for historical years. NWP simulations utilize the global weather archive of 
historical weather data (described in Section 1.2.1) to initialize and continuously adjust 
numerical simulation models of the atmosphere. In addition, high-resolution data sets describing 
the land surface are also required by mesoscale NWP models. The simulation models are run on 
supercomputers and essentially integrate the regional observational data sets and the high-
resolution land surface data sets into a comprehensive representation of the region’s wind 
resource. The input wind resource data sets are carefully time-synchronized to capture hour-by-
hour variations in the wind speed so that wind plant energy output can be analyzed against other 
time dependent variables, such as utility load and system operations. Although these models are 
similar or identical to the models meteorologists commonly use to predict the weather, the use of 
supercomputers and high-resolution land surface data allow for variations in the spatial 
resolution, including predictions at a finer geographic resolution in specific areas of interest. 
 
For this project, the Weather Research and Forecasting (WRF) model was used to perform the 
NWP simulations. The WRF model is generally considered to be the most advanced mesoscale 
NWP model in North America; it has superseded the previous industry standard, the MM5 
model, and represents the next generation in mesoscale NWP models. The WRF model 
framework has been developed in a collaborative partnership between federal agencies and 
universities, so it is actively supported by a large research and operational community. The WRF 
model is designed to serve both operational forecasting and atmospheric research needs. It 
features multiple dynamical cores, a 4-dimensional variational (4DVAR) data assimilation 
system, and a software architecture allowing for computational parallelism and system 
extensibility. Consequently, the WRF model is suitable for a broad spectrum of applications 
across scales ranging from meters to thousands of kilometers. 

1.2.1 Input Data 
Global Weather Archive: The main input data for wind resource assessment simulations are 
historic global weather archives, which are maintained by operational weather forecasting 
centers around the world including the United States National Center for Environmental 
Prediction (NCEP). These global archives represent the overall state of the atmosphere over the 
entire planet and are themselves the result of a sophisticated computer analysis of available 
surface and upper air observations. Each time period of analysis combines tens of thousands of 
individual measurements around the globe into a consistent physical state. 
 
Due to the necessity to represent the entire globe, the NCEP/NCAR (National Center for 
Atmospheric Research) re-analysis data set is maintained at a relatively coarse horizontal 
resolution and, by itself, does not contain the level of detail necessary to resolve the wind flow 
patterns over smaller geographic regions or over a single project. However, these data do provide 
a good representation of the history of large-scale spatial patterns in the atmosphere (i.e., the 
position of high and low pressure systems; the location of the jet stream) as well as the general 
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state of the ocean (e.g., sea surface temperatures) and land surface condition (e.g., soil 
moistures). Combining these coarse resolution re-analysis data with high-resolution land-use 
data and a mesoscale NWP model allows regional and site specific wind fields to be accurately 
reconstructed. 
 
High Resolution Terrain, Soil and Vegetation Data: Accurately resolving regional wind fields 
requires an ability to model the interaction of large scale weather systems with the varied terrain, 
land-use and vegetation of the region. An accurate representation of the local terrain is also 
important for resolving thermally driven circulations caused by differential heating and cooling 
of the land surface. 3TIER has customized the WRF model to ingest both the U.S. Geological 
Survey (USGS) GTOPO30 dataset, which provides a global 30-second (roughly 900 m) digital 
representation of land surface topography, as well as higher-resolution 3-second (roughly 90 m) 
terrain datasets such as those available from the Shuttle Radar Topography Mission. In addition, 
WRF employs a 30-second global 24-category land use map (USGS), a 5-min soil texture (FAO) 
and a 0.15-degree monthly climatology green vegetation fraction (NESDIS). These data sets 
were used to describe the height and roughness of the earth’s surface for the period of 
simulation. 

1.2.2 Model Configuration Test Simulations 
The WRF model can be configured to better represent actual physical processes, given a certain 
region, resolution, and application. For this study, four different model configurations were 
tested at nine validation sites, and the configuration producing the best results in each domain 
was selected. Parameters of the four configurations are shown in Table 1. 
 

Table 1. Configurations Using the Advanced Research  WRF Core 

Configuration 

Planetary 
Boundary Layer 
Parameterization 

Land Surface 
Physics 

Parameterization 
Radiation Physics 
Parameterization 

A Yonsei University 
Thermal Diffusion 

Scheme 
RRTM/Dudhia 

B Yonsei University 
Unified NOAA land-

surface model RRTM/Dudhia 

C Mellor-Yamada-
Janjic TKE Scheme 

Thermal Diffusion 
Scheme 

RRTM/Dudhia 

D Yonsei University 
Thermal Diffusion 

Scheme 
CAM/CAM 

 
Configuration A is used as the baseline model configuration with Configurations B, C, and D all 
having a single parameter of deviation. Configuration B uses the Oregon State University land 
surface model, a more sophisticated physical process model for estimating surface fluxes. 
Configuration C uses the Mellor-Yamada-Janjic boundary layer parameterization, which features 
explicit prognostic equations for boundary layer turbulence. Configuration D uses NCAR’s 
community atmospheric model’s (CAM) radiation. Configurations B, C, and D should 
theoretically perform better than Configuration A. However, the increased sophistication in the 
models introduces additional assumptions and unconstrained parameters that can adversely affect 
the accuracy of the model.  
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The test simulations covered the entire model domain at a grid resolution of 6 km, and were run 
for a number of days in each month (each test represented about 90 days). The results from these 
simulations were compared to nine observational data sets from across the province, each with 
measurement heights at or above 50 m above ground. These 9 observational data sets were a 
subset of the 30 selected observational sets used for model validation, as described in Section 2, 
and were selected for the configuration study because they were among the first observational 
data sets quality checked and ready to be used. Of the nine data sets, one represented the 
Vancouver Island domain, three represented the North Coast domain, two represented the 
Southern Interior domain, and three represented the Peace domain. These data sets were not 
incorporated into the raw model simulations such that they influenced the model output at a 
particular location. Rather, the data were compared to model results (i.e. post-modeling) to 
identify the model configuration whose results most closely matched the measured data set. 
Details about the nine observational data sets, including measurement height and period of 
record used for the configuration comparisons, are shown in Table 2. A configuration validation 
report was produced for each comparison and was provided to BC Hydro before decisions were 
made regarding which configuration would be used for each domain. 
 
Based on the results of the configuration validation tests, a single configuration was selected for 
each domain. The selected configurations are shown in Table 3. 
 

Table 2. Observational Data Sets Used for Configura tion Tests 

Site Name Site Owner 
Measurement 

Height (m) 

Months of Data 
Used for 

Configuration Test  

Vancouver Island    

VI-IPP-3 IPP 50 10 

    North Coast    

NC-IPP-3 IPP 60 12 

NC-IPP-4 IPP 60 12 

NC-IPP-5 IPP 60 6 

    Southern Interior    

SI-IPP-2 IPP 80 8 

SI-IPP-3 IPP 60 9 

    Peace Domain    

P-IPP-3 IPP 50 12 

P-IPP-4 IPP 40 12 

P-IPP-5 IPP 40 12 
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Table 3. Selected Model Configurations for Each Dom ain 

Domain 
Selected Model  
Configuration 

Vancouver Island C 
North Coast C 
Southern Interior C 
Peace B 

 

1.2.3 Data Modeling 
The WRF model was run using the selected configurations over each domain.  Separate 
simulations were conducted to generate 2 km, 6 km , and 18 km resolution data. All WRF 
simulations utilized a nested grid configuration.  Specifically, the 2 km resolution simulation was 
run using 54 km, 18 km, 6 km, and 2 km resolution nested grids. The 6 km and 18 km 
simulations used the same nested grid configuration, implementing the necessary number of 
grids: 3 nested grids for the 6 km simulations, and 2 nested grids for the 18 km simulations. The 
innermost model domain for all simulations covered the five domains of this study— Vancouver 
Island, the North Coast, Southern Interior, Peace, and Northwest—and all innermost domains 
incorporated a buffer zone in each direction to avoid grid edge effects. 
 
The 10-year, 10-minute time series data were derived from two separate simulations: a 1-year 
numerical simulation (August 2007 through July 2008) with a horizontal grid resolution of 2 km, 
and a 10-year numerical simulation (August 1998 through July 2008) with a horizontal grid 
resolution of 6 km. The model data from the 10-year simulation were stored at a 10-minute 
interval. At each of the theoretical wind project sites, these modeled data sets were then 
statistically combined to produce 2 km resolution, 10-year, 10-minute time series data sets over 
the period August 1998 through July 2008.    
 
Likewise the 30-year, monthly-mean time series data were derived from two simulations: a 10-
year, 6 km resolution model simulation (used above), and a 30-year, 18 km resolution simulation 
(August 1978 through July 2008). The 30-year model simulation data were stored at an hourly 
interval. At each theoretical wind project site, these modeled data sets were then statistically 
combined to produce 6 km resolution, 30-year, monthly mean time series data sets over the 
period August 1978 through July 2008.    
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Section 2 - Measured Data and Model Validation 

The objective of this task was, to the extent possible with available data, to validate the NWP 
model results in each domain by comparing modeled to measured data at several locations, and 
specifically to identify geographic areas where the model substantially over- or under-predicted 
wind speeds. These results were then used, where necessary, to adjust the wind speeds modeled 
at theoretical wind power project sites, as described in Section 4.  

2.1 Measured Data Inventory 

DNV-GEC performed a comprehensive survey of available measured met data throughout the 
province and selected 30 locations to serve as validation sites at which the acquired measured 
data were compared to data modeled at the same location. The available measured data sources 
included tall met towers (> 10 m) owned by IPPs, tall met towers operated by BC Hydro 
between 2000 and 2004, and 10-m met towers operated at airports and other monitoring stations 
across the province by Environment Canada (EC).  

2.1.1 IPP Met Data 
DNV-GEC contacted IPPs investigating wind power project development in BC to solicit their 
participation in the study by sharing proprietary met data collected at monitoring stations 
throughout the province. The IPPs contacted were identified as potential participants because they 
had either attended a stakeholder’s meeting hosted by BC Hydro in Vancouver, BC, on July 4, 
2008, or because they were known by the Project Team to be pursuing wind power projects within 
the province. As compensation for participation, BC Hydro agreed to share with all participating 
IPPs the data sets modeled at their tower locations that were selected for use in the study. Of the 10 
IPPs solicited, 7 agreed to participate in the study. These IPPs were asked to provide DNV-GEC 
with a list of geographic location, monitoring heights, and period of record for each met tower they 
have or had installed in the province. Data sets from a total of 51 met towers were ultimately 
offered. The locations and details of all 51 IPP towers are shown in Table A-1 in Confidential 
Appendix A. From the 51 towers, 20 were selected for use in the study. DNV-GEC acquired raw 
data files for these 20 towers and in turn transferred the data files to BC Hydro. 
 
BC Hydro and each participating IPP jointly signed an NDA before the data were transferred. 
The NDA prohibits the public disclosure of any information derived from the data sets, except 
under specified conditions. As such, information taken directly or calculated from the 20 IPP 
data sets is not presented in this report, except in confidential tables in Appendix A. 

2.1.2 BC Hydro Met Data 
BC Hydro installed 18 tall met towers in locations throughout the province from 2000 to 2004. 
The locations were biased toward regions that were expected to offer viable wind energy 
development sites, specifically the Vancouver Island, North Coast, Southern Interior, and Peace 
regions. The met towers included 12 50-m towers, 5 30-m towers, and 1 lighthouse. DNV-GEC 
had previously acquired these data sets from BC Hydro and had performed basic quality check 
procedures. As such, DNV-GEC was familiar with many of the data sets and knew that several 
showed apparent data quality issues, including malfunctioning vanes and anemometers. As a 



BC Hydro Wind Data Study CSRP0009-A 
 

DNV Global Energy Concepts Inc. 11 May 1, 2009 

consequence, preference was given to IPP towers in situations where BC Hydro and IPP met 
towers were sited near one another. BC Hydro towers were only selected for inclusion in the 
study to either extend the geographic or temporal range of the collective measured data. Seven 
BC Hydro towers were ultimately selected for inclusion in the study, and the data quality of all 
of these was confirmed before they were used.  

2.1.3 Environment Canada Met Data 
Environment Canada manages 117 weather monitoring stations at airports, lighthouses, and other 
government sites across the province. Data from these met towers are generally collected at 
10 m, a height that is, in general, too low to accurately indicate wind turbine hub height wind 
speeds. However, the data can be useful in providing qualitative checks on the modeling results 
if no other data sets are available. The Vancouver Island, North Coast, Southern Interior, and 
Peace domains were well represented by IPP and BC Hydro tall tower met data, so no EC data 
sets were selected for those domains. There were no IPP or BC Hydro data sets available for the 
Northwest domain, so EC data sets were used to represent this area. Data from all three land-
based EC stations located in the Northwest domain were selected for use in the study.  

2.2 Selected Validation Sites 

From all available data sets, DNV-GEC selected 30 measured data sets to serve as validation 
sites, and 3TIER completed a validation study for each of these, as described in Section 2.4. 
Details about each selected site are shown along with correlation parameters in Table 4. More 
detailed information about and the locations of the 30 sites are presented in Table A-2 and 
Figure A-1 in Confidential Appendix A. These 30 sites were selected from the entire pool of 
available data sets based on the following factors: representation across the largest possible 
geographic and elevation spread within the domains of interest; appropriate micro-siting, i.e., 
avoiding towers in valleys and favoring towers in realistic, well-exposed development areas; 
highest possible measurement heights; and longest possible period of record. Ultimately, 
20 validation comparisons utilized IPP data sets and the remainder utilized data sets from BC 
Hydro towers and EC weather stations. 

2.3 Data Quality Control 

DNV-GEC quality checked all 30 measured data sets selected for the validation study. Data from 
all tall towers (i.e., the IPP and BC Hydro data sets) were compiled and quality checked using 
methods consistent with DNV-GEC’s standard practices.  
 
Each data set was scrutinized using automated and visual checks to identify and remove 
erroneous data. Wind speed data were considered invalid due to icing if the temperature was near 
or below freezing and an additional criterion was met, such as the wind vane or anemometer 
standard deviation equaling zero for consecutive records or the average wind speed being lower 
than expected, relative to the wind speeds at other levels. Wind vane data were considered 
invalid due to icing if the standard deviation was zero for several consecutive records when 
temperatures were near or below freezing. 
 
To the extent possible, DNV-GEC filtered the wind speed data to select the values most 
representative of the free-stream wind speed. If a tower had more than one wind speed sensor at 
the upper measurement height, the “unwaked” wind speed value was used. The unwaked wind 
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speed was determined by selecting the wind speed value from the least tower-influenced sensor 
(i.e., the “primary sensor”) by default, except in times when that sensor was downwind of the 
tower or the data were erroneous, in which case the wind speed from the “secondary” sensor was 
selected. If a tower only had one sensor at the upper measurement height, data from that sensor 
were considered representative of the free-stream air flow. In other words, the data were not 
corrected for tower effects. If the upper level sensor or sensors were malfunctioning for a 
substantial amount of the tower’s period of record, lower level sensors were used instead. If 
possible, the wind direction was also checked for consistency against other nearby towers. 
 
Data from the three 10-m EC station towers were not quality checked to the same degree as the 
tall tower data sets. As a result of both the low height of the towers and the possibility of 
obstructions near the tower, low wind speeds are common. Consequently, icing and other events 
causing erroneous data are difficult to identify and remove. In addition, as there are no other 
sources of quality near-surface met data in the area, the accuracy of the measured data could not 
be verified. The entire data set for all three EC towers was visually inspected to ensure that there 
were no obvious sensor malfunction issues. 
 
Nine of the resulting quality-controlled data sets were used to identify the most appropriate 
model configuration for each domain (as described in Section 1.2.2). All 30 quality-controlled 
data sets, including the 9 used for configuration testing, were used for the model validation 
studies. It should be reiterated here that no measured data were incorporated into the model; all 
measured data sets were used solely for post-modeling comparison of modeled to measured data. 

2.4 Model Validation 

To validate the model’s performance, 3TIER compared the 30 quality-controlled, measured data 
sets to the 10-year simulated data from the NWP model at the same location for the same period 
of record. The validation studies focused on the model’s ability to reproduce the observed 
variability of the wind resource at daily and monthly time scales, while preserving the 
distribution of hourly wind speeds and the diurnal characteristics of the wind. Consequently, 
investigated parameters included monthly-mean wind speeds, hourly distribution of wind speeds, 
hourly distribution of wind direction, and diurnal characteristics of the wind resource. The results 
from each of the 30 comparisons were summarized in validation reports, which were provided to 
BC Hydro. Information about each of the validation sites and the resulting modeled to observed 
data correlations are shown in Table 4. Qualitative and quantitative comparisons of the 
investigated wind resource parameters are shown in Table 5.  
 
The measured met data sets were not allowed to influence the raw model simulations, and 
remained separate from the modeling process prior to the validation comparison studies. The 
listed wind speeds in Table 5 incorporate all available observational data, which may over- or 
under-represent certain periods of the year depending on the data set’s period of record and 
recovery rate. As wind speeds can vary on an annual average basis by ~3% to ~6% depending on 
location, the listed wind speeds may not necessarily be representative of long-term annual 
means. Therefore, they should not be interpreted as estimates of the true wind speeds for the site, 
but rather a verification of the model’s ability to reproduce the available observed wind speeds. 
For the remaining statistics in both Table 4 and Table 5, any month or hour missing more than 
25% of the available observations was not included in the comparison. 
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In Table 5, the relative difference in wind direction between the modeled and observed data is 
described under “Modeled versus Observed Wind Rose.” If the two wind roses were similar (i.e., 
within 20 degrees), “OK” is listed. If the predominant wind direction of the two wind roses was 
different, the degrees difference—modeled relative to observed—is shown. For example, if the 
modeled wind rose showed predominant winds from the northwest (315 degrees), and the 
observed data showed predominant winds from the west (270 degrees), the value listed in the 
table is +45 degrees. 
 
Table 5 also provides qualitative measurements of the model’s performance in matching the 
observed diurnal patterns of the observed data sets. These judgments consider both the relative 
magnitude of diurnal fluctuation and the time of average high and low winds. If the modeled 
diurnal pattern matched the observed pattern well in both respects, “Excellent” is listed. If both 
patterns were relatively similar, “Good” is listed. If one of the two qualities was substantially 
different, “Fair” is listed. Finally, if neither the magnitude nor timing of the diurnal wind speed 
pattern matched the observed data, “Poor” is listed.  
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Table 4. Model Validation Sites Summary of Correlat ions 

Monthly Mean Daily Mean 
Site Name Site Owner 

Sensor 
Height (m) 

Months of 
Data  Availability Correlation (R 2) RMS Error Correlation (R 2) RMS Error 

Vancouver Island                
VI-IPP-1 IPP 60 30 96% 0.97 0.42 0.84 1.68 
VI-IPP-2 IPP 50 59 81% 0.92 0.91 0.75 2.22 
VI-IPP-3 IPP 50 10 97% 0.93 0.59 0.79 1.60 
Jordan BC Hydro 30 21 97% 0.94 0.50 0.85 1.22 
Rumble BC Hydro 50 31 76% 0.90 0.67 0.67 3.01 
         

North Coast               
NC-IPP-1 IPP 60 23 64% 0.98 0.43 0.92 1.49 
NC-IPP-2 IPP 50 23 66% 0.95 0.77 0.85 1.89 
NC-IPP-3 IPP 60 22 97% 0.98 0.32 0.92 1.37 
NC-IPP-4 IPP 60 22 98% 0.99 1.25 0.91 2.02 
NC-IPP-5 IPP 60 21 52% 0.98 0.55 0.88 1.64 
NC-IPP-6 IPP 85 9 80% 0.96 0.98 0.86 2.28 
Mt Hays BC Hydro 20 45 82% 0.93 0.57 0.80 2.04 
         

Southern Interior               
SI-IPP-1 IPP 50 22 89% 0.49 1.83 0.70 2.28 
SI-IPP-2 IPP 80 8 76% 0.84 0.91 0.61 2.26 
SI-IPP-3 IPP 60 9 95% 0.98 0.53 0.89 1.58 
Merritt BC Hydro 50 18 94% 0.84 0.82 0.81 1.68 
         

Peace              
P-IPP-1 IPP 60 31 93% 0.86 0.71 0.84 1.45 
P-IPP-2 IPP 30 7 79% 0.46 0.48 0.73 2.46 
P-IPP-3 IPP 50 37 86% 0.94 1.80 0.87 2.52 
P-IPP-4 IPP 40 27 76% 0.98 1.25 0.87 2.07 
P-IPP-5 IPP 40 25 84% 0.91 2.14 0.88 3.00 
P-IPP-6 IPP 30 22 77% 0.57 1.73 0.60 2.96 
P-IPP-7 IPP 35 12 79% 0.92 1.34 0.87 2.42 
P-IPP-8 IPP 30 18 92% 0.91 0.39 0.86 1.37 
Aasen BC Hydro 50 21 94% 0.82 0.54 0.84 1.39 
Erbe BC Hydro 50 22 89% 0.70 0.55 0.59 1.99 
Mt Wartenbe BC Hydro 50 14 88% 0.93 0.45 0.89 1.50 
         

Northwest               
Smithers EC 10 120 39% 0.53 0.57 0.51 1.13 
Stewart EC 10 120 26% 0.05 1.12 0.27 2.34 
Terrace EC 10 120 68% 0.29 1.26 0.25 2.58 

Note: Actual period of record may be longer than listed for EC towers, but only 10 years of data were used in this study. 
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Table 5. Model Validation Sites Summary of Wind Res ource Comparisons 

Period of Record Wind Distribution  
Weibull Scale (A) and Shape (k) Factors  

Site Name 

Model 
Wind 

Speed 
Bias  

Observed 
A 

Observed 
k 

Modeled 
A 

Modeled 
k Modeled versus Observed Wind Rose 

Qualitative 
Diurnal Pattern 

Comparison 

Vancouver Island               
VI-IPP-1 1% 6.85 1.85 6.93 1.78 Primary direction at +45; Secondary OK Good 
VI-IPP-2 -8% 7.33 2.15 8.01 2.00 OK Excellent 
VI-IPP-3 -9% 6.10 1.78 5.62 1.79 OK Good 
Jordan 7% 4.94 1.75 5.33 1.82 OK; NE winds underrepresented Excellent 
Rumble 2% 7.50 1.69 7.61 1.50 -65 Poor 
        North Coast                
NC-IPP-1 3% 8.36 1.66 8.73 1.95 +25 Fair 
NC-IPP-2 -7% 7.33 1.54 6.90 1.76 OK Good 
NC-IPP-3 0% 7.89 1.69 7.96 1.87 OK Good 
NC-IPP-4 14% 7.92 1.81 9.26 1.90 OK Excellent 
NC-IPP-5 -8% 6.83 1.49 6.40 1.61 OK; Secondary direction off by -60 Poor 
NC-IPP-6 -9% 11.49 1.92 10.58 1.98 OK Fair 
Mt Hays 6% 6.06 1.41 6.57 1.74 OK Fair 
        Southern Interior              
SI-IPP-1 -43% 5.67 1.49 3.99 1.64 OK Excellent 
SI-IPP-2 14% 6.44 2.48 7.51 2.38 OK; Secondary direction not represented Excellent 
SI-IPP-3 4% 7.85 1.89 8.21 1.98 OK Excellent 

Merritt -15% 6.33 1.75 5.47 1.69 Good; Secondary NE component in modeled 
data is not present in observed data Excellent 

        Peace              
P-IPP-1 9% 6.43 2.03 7.06 2.21 +30 Poor 
P-IPP-2 3% 9.54 2.31 9.79 2.26 OK Excellent 
P-IPP-3 -24% 10.04 2.05 8.10 2.29 Predominant direction OK; Secondary missing Poor 
P-IPP-4 -18% 9.12 2.01 7.77 2.01 +25 Fair 
P-IPP-5 -26% 10.65 1.90 8.46 2.21 OK Poor 
P-IPP-6 -24% 8.16 1.88 6.56 1.88 +45 Good 
P-IPP-7 -20% 8.40 1.81 7.11 2.12 OK Poor 
P-IPP-8 0% 6.90 1.86 6.91 2.15 OK Poor 
Aasen 6% 6.12 1.84 6.56 2.08 OK Poor 
Erbe 7% 5.67 1.78 6.14 2.08 OK Fair 
Mt Wartenbe -2% 8.05 1.83 7.90 1.98 OK Poor 
        Northwest              
Smithers 33% 3.23 2.07 3.6 2.02 OK Fair 
Stewart 60% 2.97 1.74 3.54 1.34 Poor Poor 

Terrace 2% 5.02 1.79 4.97 1.49 
Fair; Secondary N component in modeled data 
is not present in observed data Poor  
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All of the investigated parameters are important considerations for wind project development and 
may be useful for subsequent integration studies. However, given the scope of this study and the 
amount of information currently available, it was not possible to utilize all of the resulting 
statistics and accurately correct for possible biases in the model over large geographic areas. For 
example, while a bias in diurnal wind pattern may be qualitatively detectable at a single 
validation site, it is not possible to quantify the bias and apply a correction to the modeled data 
over a large geographic area. For the purposes of this study, and specifically for generating wind 
project resource and production data, wind speed bias was the only parameter considered 
indicative of geographically large-scale patterns in the model results. Consequently, if the 
validation reports indicated a strong bias in average wind speed in certain geographic areas, the 
wind resource data synthesized for those areas were adjusted accordingly (as described in 
Section 4.1.1). The wind speed bias for each of the 30 validation points is shown geographically 
at the point of measurement in Table A-2 in Confidential Appendix A. 
 
The validation studies from the Vancouver Island, North Coast, and Southern Interior domains 
did not show any consistent bias in modeled wind speeds. Consequently, the modeled wind 
speeds were considered to be representative of actual wind speeds for the entire domains. 
However, validation studies for the Peace domain, showed substantial model underestimation of 
wind speeds at several locations. The sites where the wind speed bias approached or exceeded (-
20%) are primarily located on high elevation ridgelines in the Muskwa and Hart Mountain 
Ranges (subdivisions of the Canadian Rockies), which stretch across the domain from northwest 
to southeast. Consequently, the modeled data used to represent potential projects outlined in 
these areas were adjusted upwards by 20%. The validation reports from other areas of the 
domain, specifically the area north and east of the high altitude ridgelines, consisting of the 
Rocky Mountain Foothills and the Peace River Block, did not show a clear or consistent trend in 
model wind speed estimation, so the wind data modeled for those areas were not adjusted. 
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Section 3 - Wind Power Project Delineation and Inst alled 
Capacity Estimation 

The objectives of this task were to identify potential project areas and their estimated capacity in 
each of the five domains. Each project was classified as either “readily available” or “ambitious” 
based on pre-determined criteria for mean annual wind speed and distance to transmission. The 
project capacities estimated here, and the NWP modeled time series wind data from within the 
outlined project boundaries (described in Section 1) were used to model power time series data 
for each project, as described in Section 4.  

3.1 Project Delineation Criteria 

DNV-GEC identified potential wind power project areas throughout the five domains. The 
domains were screened, and theoretical projects were outlined based on pre-determined criteria. 
Each outlined project was identified as either “readily available” or “ambitious,” based on 
criteria developed in cooperation with BC Hydro. The categories and associated criteria are listed 
in Table 6. 
 

Table 6. Project Delineation Criteria 

 Readily Available Ambitious 
Minimum Long-Term 
Wind Speed Average 6.5 m/s 6.0 m/s 

Maximum Distance 
from Transmission 50 km 200 km 

Maximum Slope 
Areas with 20% or greater slope 

excluded. Areas with 10-20% slope 
avoided when possible. 

 
The minimum annual project-average wind speed threshold for all projects was 6.0 m/s, 
according to the wind map created by 3TIER and validated as described in Section 3.2.1; 
projects with annual project-average wind speeds of 6.5 m/s or greater were considered Readily 
Available, and those with a project-average of 6.0 to 6.5 m/s were considered Ambitious.  
 
All projects had to be located within at least 200 km of existing transmission lines, based on data 
received from BC Hydro. Projects within 50 km of transmission were considered Readily 
Available and those within 50 to 200 km were considered Ambitious. The locations of 
transmission lines are shown in Figure 3, along with 50 and 200 km ranges. As can be seen in 
Figure 3, a 200 km range from transmission covers a broad area, so the distance to transmission 
criteria did not effectively limit project selection. However, wind speed and/or slope criteria did 
eliminate many potential project areas within IUPs from consideration. 
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Figure 3. Transmission Lines and 50 km and 200 km R anges 

 
In addition to the above categorized considerations, all project areas had to meet several other 
criteria. Project areas were not outlined on very steep terrain or unbuildable terrain (i.e., 
wetlands). The maximum slope for a project area was 20%, and areas with slopes between 10% 
and 20% were avoided where possible. If a project area was flat in general, but contained 
isolated areas of steep terrain, the assigned percent of usable land used for project capacity 
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estimation was decreased. Likewise, if a project area contained lakes or wetlands, the assigned 
percent of usable land was decreased. For projects identified on ridgelines, the top of the ridge 
had to have a slope of less than 20% for a width of approximately 100 m or more, an area 
generally wide enough to permit wind turbine installation. Projects were not outlined on 
ridgelines running parallel to the known predominant wind direction, as substantial energy would 
be lost as a result of turbine-turbine waking. If the wind direction was unknown in a certain area 
because no met data had been collected within a reasonable distance, the project ridgeline could 
be oriented in any direction. Finally, areas within provincial or national parks, and protected 
areas (such as conservancies and biodiversity areas) were not considered. 
 
For potential offshore projects, only existing offshore IUPs were considered for theoretical 
projects. For these potential project areas, DNV-GEC did not consider bathymetry (water depth) 
as a project criterion, assuming that wind developers have considered bathymetry in their 
development investigations. 
 
DNV-GEC set a limit of 30 MW as the minimum installed capacity, or “size,” of each identified 
wind power project. While projects with less than 30 MW installed capacity technically could be 
constructed, historical experience has shown that larger projects generally prevail due to 
economies of scale. Admittedly, the minimum project size is a grey area, but a cut-off value 
needed to be specified for reducing variables in this study. The assumed turbine spacing used to 
calculate the installed capacity for each project was approximately 4 rotor diameters (D) between 
turbines within the same row and 15D between rows, i.e., 4D by 15D, assuming the Siemens 
2.3 MW turbine. See Section 3.4.2 for a more detailed discussion of assumed turbine spacing. 
The resulting minimum project area was approximately 6 square km, and the minimum ridgeline 
length was 5 km. If a certain area satisfied all criteria, but the potential project area was too small 
to support 30 MW, the area was dropped from consideration in the study. 
 
Other factors that may affect the feasibility of a real-life project development, but that were not 
outlined in the study’s criteria, were not considered. For example, some outlined projects are 
located in or near areas with conflicting uses, such as popular vacation or recreational areas, and 
consequently may not receive support from local residents. While such considerations are 
important for a real-life development, they are both difficult to assess comprehensively and 
dynamic in nature, i.e., they may change as a result of new legislation, shifts in public 
acceptance, and efforts and/or concessions made by the developer. Consequently, any attempt to 
exclude project areas on such grounds would be based on speculation. Similarly, project areas 
located in seemingly “difficult” locations such as small, remote islands were also included in the 
study as long as they satisfied the project selection criteria. In summary, only concrete physical 
factors, such as the wind resource, basic constructability (as indicated by terrain slope), and 
distance to transmission were used to screen potential project areas. 
 
The final set of selected project areas represents those areas across the model domains that met 
the pre-determined criteria. Some potential project areas that were ultimately not selected may 
have met one of the criteria, such as wind speed, but were eliminated because they did not meet 
the other criteria, such as slope or minimum size. It should be noted that there are inherent 
limitations in the wind modeling accuracy such that the set of theoretical project areas may not 
be completely exhaustive of every site in the domains that has sufficient wind resource potential. 
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However, the final set of theoretical projects is considered a reasonable representation of the 
available resource potential in the domains, and is useful for the purposes of BC Hydro’s planned 
wind integration studies.  
 
The total identified installed capacity is larger than what is likely to actually be developed. 
However, it was the intention of the study to produce a large set of theoretical projects that allow 
for additional screening and sensitivity analyses. It should also be noted that, as previously 
indicated, in reality, there may be additional limiting factors associated with these wind project 
areas including aesthetics, public opposition, environmental concerns, etc. that could reduce their 
actual development potential. Consequently, the locations of individual outlined project areas do 
not indicate the overall feasibility or potential economic viability of a certain area for wind 
power development. 

3.2 Project Delineation Methodology 

DNV-GEC visually identified potential wind power project areas, per the above criteria, by 
utilizing digital land and wind speed data and GIS technology. The primary data sets used 
include: 90-m resolution digital elevation model (DEM) data from GeoBase (a service overseen 
by the Canadian Council on Geomatics); 1:250,000 spatial resolution topographic data procured 
from the CanMatrix service of Natural Resources Canada; 2-km resolution wind maps produced 
by 3TIER for each domain showing annual wind speeds for the August 2007 through July 2008 
year; and the locations of transmission lines and all IUPs in the province (as of May 7, 2008), as 
provided by BC Hydro. The 30 model validation reports and 10-year data sets modeled at each 
of the validation locations were also used to validate the wind map, as described in Section 3.2.1.  
 
To expedite the project identification process, DNV-GEC focused primarily on areas currently 
being investigated for wind project development, as indicated by the presence of IUPs, were 
considered. Projects were outlined either in or near current IUPs. DNV-GEC also surveyed areas 
further afield that satisfied the project criteria and determined that there were no substantial areas 
that had been missed. Consequently, project delineation efforts remained focused in or near 
existing IUPs. In addition, projects were outlined at each of the three wind power projects 
accepted under BC Hydro’s 2006 Request for Proposals (RFP)—Dokie, Mt Hays, and Bear 
Mountain—the locations of which were provided to DNV-GEC by BC Hydro.  
 
Depending on the topography, projects were either drawn as a line (for steeper areas where 
turbines would likely be installed on top of a ridge), or area (for flatter areas, where turbines 
would likely be installed in an array). A single project could consist of a single line/area or 
multiple lines/areas, depending on topography. Figure 4 shows an example of an outlined project 
area. During the project delineation process, each project area was assigned a “constructible 
area” percentage that was later used to calculate the project’s capacity. If a certain outlined 
project area had some unconstructible areas, such as lakes, wetlands, or steep terrain, the 
constructible area percentage was decreased. If a particularly large area could accommodate a 
very large project (i.e., 500 MW or more) or two or more smaller projects, it was broken up into 
several smaller projects when possible.  
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Figure 4. Examples of Outlined Projects 
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3.2.1 Wind Map Validation 
The wind maps used for project delineation in each domain were developed by 3TIER based on 
the single year (August 2007 through July 2008), 2-km resolution NWP model results. Although 
10-year average 2-km resolution wind maps would have been desirable, the computational cost 
of creating the necessary data over such large areas was prohibitive for the budget of this study. 
Ten-year, 2-km resolution data (i.e., the results of blending the 2-km and 6-km resolution model 
results) were only created for individual points, not for the entire domain. As such, the single-
year wind maps were used, and were validated by comparing the single-year simulated wind 
speed average to the 10-year simulated average at 20 validation points. The results of this 
exercise are shown in Table 7. Negative numbers indicate that the average wind speed from the 
wind map year was low compared to the 10-year average by the shown percent, whereas positive 
numbers indicate that the wind map wind year was relatively high. As shown, the bias in the 
single-year wind speed compared to the 10-year long-term wind speed was minimal for the 
Vancouver Island and North Coast domains, so the single-year wind maps for those domains 
were considered representative of long-term wind speed averages. The results for the Southern 
Interior domain showed a consistent trend that the August 2007 through July 2008 wind year was 
approximately 2.5% higher than the 10-year average. Consequently, the Southern Interior single-
year wind map was adjusted downwards by 2.5% to better represent the long-term average. The 
average bias for the Peace domain was 1.7%, with individual sites ranging from 0.3% to 2.5%. 
Given the range of results, and the overall model biases in the Peace domain (as indicated by the 
validation studies), DNV-GEC did not feel that additional adjustments to the single-year wind 
map would improve the accurate application of project delineation wind speed criteria. 
Consequently, no adjustment was made to the wind map for the Peace domain. 
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Table 7. Wind Map Period (August 2007 through July 2008)  
Average Wind Speed Relative to the 10-Year Average 

Site Name 
1-Year Wind Map Average 

Wind Speed Bias 

Vancouver Island  
VI-IPP-1 0.6% 
VI-IPP-2 -1.5% 
VI-IPP-3 0.6% 
Average -0.1% 
  North Coast  
NC-IPP-1 1.5% 
NC-IPP-2 1.1% 
NC-IPP-3 0.2% 
NC-IPP-4 0.4% 
NC-IPP-5 -0.2% 
NC-IPP-6 0.8% 
Average 0.6% 
 Southern Interior  
SI-IPP-1 2.9% 
SI-IPP-2 2.6% 
SI-IPP-3 2.6% 
Average 2.7% 
  Peace 
P-IPP-1 2.4% 
P-IPP-2 2.5% 
P-IPP-3 1.8% 
P-IPP-4 0.3% 
P-IPP-5 2.0% 
P-IPP-6 1.3% 
P-IPP-7 1.5% 
P-IPP-8 2.0% 
Average 1.7% 

 
 
The wind maps were also adjusted if necessary to account for biases in the simulated wind speed 
data, as indicated in the validation reports. As no consistent wind speed bias was evident in the 
Vancouver Island, North Coast, or Southern Interior domains, the wind maps for these domains 
were not adjusted. These wind maps are shown in Figure 5, Figure 6, and Figure 7. For the 
specific areas of the Peace domain where a low wind speed bias was evident in the modeled 
wind resource data, specifically on the high-altitude ridgelines of the Hart and Muskwa Ranges, 
the wind map was adjusted upwards by 20%. The Peace domain wind map, including the area 
where an adjustment was applied, is shown in Figure 8. For project areas identified in the 
remainder of the domain, where there was no clear wind speed bias in the simulated data or no 
available validation reports, no adjustment was made to the wind map.  
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Figure 5. Vancouver Island Domain 1-Year Wind Map ( August 2007 through July 2008) 
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Figure 6. North Coast Domain 1-Year Wind Map August  2007 through July 2008 
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Figure 7. Southern Interior Domain 1-Year Wind Map August 2007 through July 2008 
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Note: Wind speeds shown, including within 20% Wind Speed Adjustment Zone, are as-modeled. 

Figure 8. Adjustments to Peace Domain 1-Year Wind M ap August 2007 through July 2008 
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3.3 Theoretical Projects 

The theoretical projects resulting from the above methodology and criteria are shown for each 
domain in Figure 9, Figure 10, Figure 11, and Figure 12. Projects classified as “Readily 
Available” are shown in green and projects classified as “Ambitious” are shown in red. No 
distinction is made in these maps between projects classified as “Ambitious” due to average 
wind speeds of less than 6.5 m/s and those located more than 50 km from transmission. 
 

 
Figure 9. Vancouver Island Domain Theoretical Proje cts  
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Figure 10. North Coast Domain Theoretical Projects 
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Figure 11. Southern Interior Domain Theoretical Pro jects 
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Figure 12. Peace Domain Theoretical Projects 
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Much of the Peace region is characterized by high altitude, narrow ridgelines, so most of the 
identified projects in that domain were classified as “ridgeline” projects. Areas satisfying the 
study’s project criteria in the other three domains were primarily suitable for array-type projects, 
although some ridgeline projects were also identified in all domains. (No areas satisfied the 
study’s project criteria in the Northwest domain.)  

3.4 Project Capacity Estimation 

To estimate the installed capacity of each identified project, DNV-GEC made assumptions 
regarding the size and type of wind turbines that are likely to be deployed in the future. 
Although, realistically speaking, a wide variety of turbine models will be utilized in the different 
wind power projects to be developed across the province, it was necessary to adopt consistent 
turbine model assumptions for the sake of modeling. In addition to assumptions on turbine 
models, DNV-GEC also made assumptions about the turbine spacing used in the outlined 
projects. Although turbine spacing in actual projects will vary as a result of many factors, 
including topography and development objectives, DNV-GEC applied a consistent spacing 
scenario to all projects for the sake of ease of modeling. 

3.4.1 Wind Turbine Technology Assumptions 
One of two wind turbine models—the Siemens 2.3-93 (Class II) and the Vestas V90 (Class I)—
was assigned to each project area based on the project’s anticipated average wind speed. These 
two specific turbine models were selected because they represent well the size and performance 
of turbines that will likely be deployed in the foreseeable future. Both turbines utilize full span 
pitch control and variable speed operation which are consistent with the current state of the art. 
At this stage of technology development, DNV-GEC expects further refinement of turbine 
technology to be made in evolutionary steps as opposed to revolutionary changes in fundamental 
design architecture. Evolutionary changes are expected in all major components and systems and 
will most likely focus on reducing costs and improving reliability. Improvements in energy 
conversion efficiency are likely to be limited because aerodynamic, mechanical, and electrical 
efficiencies have already attained a very high level, and are approaching fundamental limits on 
these efficiencies. 
 
Commercial land-based turbines in North America are currently in the 1.5 - 3.0 MW size range. 
Although larger models exist in Europe (up to 5 MW), these turbines are not well established in 
the industry. Furthermore, the terrain complexity found across the majority of potential 
development areas in the province may prove to be a challenge for transportation and 
construction of turbines larger than ~3 MW. One potential off-shore project was identified for 
this study. Although it is possible that larger wind turbines (>3 MW) may be considered for this 
project, there is currently no North American offshore wind turbine precedent. Because of this, 
and also to simplify the domain-wide energy modeling, the project was assigned the Vestas V90 
(Class I) wind turbine. 
 
Wind turbines are designed to operate within a specific envelope of loads dictated by the 
machine design and environmental conditions in which they operate. Specific wind turbine 
designs are governed by international standards promulgated by the International 
Electrotechnical Commission (specifically IEC 61400, Edition 3). Wind turbine designs fall into 
three basic classifications, Class I, Class II, and Class III which are broadly segregated by the 
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annual average wind speed at the location where the turbine is installed1. IEC Class II wind 
turbines are designed for sites with annual average wind speed up to 8.5 m/s at Standard 
Atmospheric conditions. IEC Class I wind turbines are designed for sites with annual average 
wind speeds up to 10 m/s at Standard Atmospheric conditions. These ranges mean that a Class II 
designed wind turbine could be found unsuitable if placed at a site that exceeds the turbine 
loading capacity. If this occurs, a Class I wind turbine should be used instead.  
 
Given the range of expected wind speeds in BC, most identified project areas will utilize IEC 
Class II turbines, represented in this study by the Siemens 2.3-93. There are also some higher 
wind speed areas where Class I wind turbines will likely be utilized, which are represented in 
this study by the Vestas V90. The IEC design classifications of the two example wind turbines 
are presented in Table 8. Although commercial success of the V90 turbine in North America has 
been limited at this point, its power performance characteristics reflect the expected performance 
of turbines designed to IEC Class I conditions. 
 

Table 8. Turbine Specifications  

Design Classification  IEC Class I IEC Class II 

Turbine model Vestas V90 Siemens 2.3 

Nameplate capacity 3 MW 2.3 MW 

Rotor diameter 90 m  93 m 

 
IEC standards for turbine site suitability dictate a range of acceptable wind speeds, presuming 
Standard Atmospheric conditions. However, it is ultimately the loading conditions on the 
turbines under site-specific conditions, and not necessarily the wind speed, that dictate whether a 
turbine is suitable for a given location. Since a large majority of potential wind energy 
development sites in BC are found at elevations greater than 1,000 m, reduced air density at 
these altitudes mitigate some of the structural loads. Based on DNV-GEC’s experience, our 
analytical tools and our analysis of BC development areas, we have estimated the threshold 
between Class II and Class I wind turbines is 9 m/s. This wind speed threshold is greater than the 
8.5 m/s limit associated with IEC Class II due to the effects of reduced air density. 
 
Therefore, for this study, areas with average wind speeds lower than 9 m/s were assigned the 
Class II turbine (Siemens 2.3-93). Projects with average wind speeds greater than 9 m/s were 
assigned the Class I turbine (Vestas V90). Due to the limitations of estimating the exact 
simulated project-average wind speed from the wind speed maps, a certain project was assigned 
a Class I turbine if most of the project area had wind speeds of 9 m/s or greater. Consequently, it 
may be possible that some projects assigned a Class I turbine may ultimately have a simulated 
project-average wind speed slightly lower than 9 m/s. Several projects in the Peace domain and 
an off-shore project in the North Coast domain had indicated wind speeds high enough to 
necessitate the Class I turbine. The theoretical project areas and associated turbine types for the 
North Coast and Peace domains are shown in Figure 13 and Figure 14, respectively. All projects 
in the Vancouver Island and Southern Interior domains were assigned the Class II turbine.  
 
                                                 
1 The appropriate turbine class for a particular site also depends on other factors—including turbulence intensity and 
the extent of inclined flow—that were not considered in this study. 
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Figure 13. North Coast Domain Theoretical Projects and Assigned Turbine Type 
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Figure 14. Peace Domain Theoretical Projects and As signed Turbine Type 
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3.4.2 Wind Turbine Density Assumptions 
To estimate the installed capacity of each outlined project, DNV-GEC made assumptions about 
the density of wind turbines likely to be installed in projects throughout the province. A standard 
turbine density was calculated for each type of outlined project (areas and ridgelines), based on 
the province’s expected wind patterns, the assumed turbine model rotor diameters, and standard 
wind power project buffers.  
 
The observed and simulated wind resource patterns across the five domains indicate that most 
regions experience unidirectional flow patterns. Project turbine arrays in such wind regimes tend 
to be “rectangular,” i.e., turbines are relatively close together within a single row, and rows are 
relatively far apart. Conversely, a multidirectional wind pattern requires a more “square” turbine 
arrangement, with turbine spacing matching row spacing more closely to minimize the effects of 
inter-turbine wakes. Because of the observed unidirectional wind patterns in most of the 
province, a “rectangular” layout of 4D by 15D (4 rotor diameters distance between turbines 
within a row, and 15 rotor diameters distance between turbine rows) was assumed for all project 
areas identified in the study. This assumption implies that this arrangement, or configurations 
with similar turbine density, is likely to be used for wind power projects throughout the province. 
This layout spacing results in a turbine density of approximately 2.3 turbines/km2 of 
constructible land area. 
 
For projects identified on ridgelines, spacing between turbines is assumed to be 4D, and spacing 
between turbine “rows” will be dictated by local terrain features. Given this, and the wind 
turbine model assumptions outlined above, the resulting ridgeline turbine density used in this 
study is approximately 2.7 turbines per km of ridgeline. 

3.4.3 Final Project Estimated Capacities 
Given the objectives of this study, specifically to produce time series power data representative 
of actual wind farm output, the above turbine density assumptions were applied to each outlined 
project area on a modeled grid cell (4 km2) basis. Assigning turbine density on a grid cell basis, 
as opposed to assigning a standard turbine density across an entire project area, retained a turbine 
distribution more representative of actual project distributions. For example, an actual wind 
power project may have a maximum turbine density on higher elevation or easily constructible 
areas, and a lower effective turbine density on the perimeters of the project (simply because the 
perimeter of the project by definition consists of both project and non-project area). 
Consequently, grid cells on the perimeter of the project (i.e. grid cells that contained less 
“amount of project”) were assigned less turbines than grid cells in the center of a project. 
 
To calculate the number of turbines per grid cell, the “amount of project” (either km for 
ridgelines or km2 for areas) outlined within each grid cell was calculated using GIS software. 
Figure 15 illustrates the GIS methodology. This “amount of project” value was then multiplied 
by the turbine density assumptions described above, resulting in a number of turbines within 
each grid cell. For example, if a certain grid cell contained 2.6 km2 of project area, the number of 
turbines within that grid cell was calculated as [2.6 km2 x 2.3 turbines/ km2], or 6 turbines. To 
comply with limitations of the power modeling process, the number of turbines per grid cell was 
rounded to 0, 3, 6, or 10. As a result of this adjustment, the installed capacity for each domain 
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changed slightly from the case if the un-rounded turbine numbers were used. The effect on the 
province-wide installed capacity was a 3% reduction. 
 
The assumptions used to estimate each project’s installed capacity (turbine size, turbine location, 
turbine spacing and project boundaries) are reasonable approximations based on experience from 
actual wind power projects. However, these factors can change significantly from the initial 
assumptions to the final layout. Consequently, the change in project capacities that resulted from 
rounding the turbine numbers at each grid point are considered by DNV-GEC to fall within the 
range of reasonable project alterations that usually occur in the development process and the 
deviation from the base assumptions was considered acceptable.  
 

  
Figure 15. Example of GIS Project Installed Capacit y Estimation 
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The final number of outlined projects and installed capacities for each domain are shown in 
Table 9. A complete table of all identified projects and their individual estimated installed 
capacities is available in Appendix B. As shown, the Peace region resulted in the highest estimated 
installed capacity. The North Coast and Southern Interior regions also had substantial estimated 
capacity, although nearly half of the North Coast capacity is attributed to a single, potential 
offshore project, classified as “Ambitious” (due to its distance to transmission). Compared to the 
other three domains, relatively few projects were identified on Vancouver Island. 
 

Table 9. Projects and Installed Capacity by Domain 

Category Number of Projects 
Total Installed 
Capacity (MW) 

Vancouver Island     
Readily Available 11 1283 
Ambitious 3 138 
Total 14 1421 
      North Coast      
Readily Available 7 922 
Ambitious 5 3288 
Total 12 4211 
      Southern Interior    
Readily Available 24 3554 
Ambitious 6 600 
Total 30 4154 
      Peace     
Readily Available 27 3410 
Ambitious 21 2703 
Total 48 6113 
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Section 4 - Project Wind and Power Data Generation 

The objective of this task was to produce the final products of the study: modeled, historical 
wind resource and power data, as well as forecasted wind resource data, at each identified 
theoretical wind power project. To create the 30-year (monthly temporal resolution) and 10-year 
(10-minute temporal resolution) project average wind resource time-series data, the wind 
resource data synthesized and validated in Section 1 and Section 2, were extracted and averaged 
for each theoretical project location outlined in Section 3. The resulting project wind resource 
data were crossed with appropriate power curves to produce project time-series power data. For 
the 10-year (10-minute) data set, statistical corrections were applied to the power data. These 
statistical corrections, developed by 3TIER and referred to as the SCORE-lite process, 
incorporate short-term variability that is observed in operating wind project power data and often 
under-represented in modeled data. Finally, three individual wind energy forecasts were 
computed for each of the projects outlined in Section 3. These forecasts—including a 
climatological forecast, a perfect forecast, and an NWP-based forecast–are described below in 
Section 4.3. 

4.1 Project Wind Data 

As described in Section 1, a 10-year, 2 km resolution time series data set was created at grid 
points across the entire extent of each of the five domains. Grid points located within or near an 
outlined project area were extracted and used to calculate the average wind resource data set for 
that particular project. The project-average data set was calculated by weighting the data from 
each extracted grid point by the number of turbines assigned to each of those grid points. For 
example, if a particular project had one grid point with six turbines and four grid points with 
three turbines, the six-turbine grid point would receive twice the weight in the wind speed 
average calculation as other grid points. 
 
Project locations in the 30-year, 6 km resolution data set were defined using a single point near 
each project’s center. The simpler approach for defining projects, as compared to the 10-year 
data set, was used because of the coarse resolution of the 30-year data set; a more detailed 
project definition approach would not necessarily improve model results. 
 
As described in Section 1.2.3, the 10-year (10-minute) and 30-year (monthly) project average 
wind data sets were created in separate models runs. The 10-year data sets were derived by 
blending together data from a 1-year, 2 km resolution simulation with a 10-year, 6 km resolution 
simulation. The 30-year data sets were derived by blending together data from the 10-year, 6 km 
resolution simulation with a 30-year, 18 km resolution model simulation. Because of the 
different resolutions of the 10-year and 30-year data sets, the wind speed results for each data set 
may differ significantly. Consequently it is not expected that project-average wind speeds from 
each data set will match each other. While the blended 10-year, 2 km resolution project data are 
meant to realistically represent the wind speeds at each wind power project, the blended 30-year, 
6 km model data are meant to identify long-term trends. Average values from the 30-year data 
set may not necessarily represent realistic project wind speeds, but this does not limit their 
usefulness to provide information on the long-term variability at each project site. 
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4.1.1 Accounting for Wind Speed Bias  
After the modeled time series data were extracted for each grid point within a project, wind 
speeds were adjusted to account for biases in the modeled wind speed data, if necessary, as 
indicated by the validation study. The modeled wind speed bias for all 30 validation sites was 
shown in Table 5, and a discussion of the validation study results was presented in Section 2.4. 
To briefly reiterate the results, no clear wind speed bias was evident in the validation results for 
the Vancouver Island, North Coast, and Southern Interior domains, so no adjustments were made 
to the modeled wind data for these domains. For the Peace region, validation sites on high 
altitude ridgelines in the Muskwa and Hart Ranges showed an approximate -20% bias, so the 
wind speeds at projects in these areas were adjusted upwards by 20%. Validation results from the 
rest of the Peace domain did not show a significant bias, so the modeled data for projects in those 
areas were not adjusted. Several projects were identified on the western edge of the domain, near 
Williston Lake. No validation data sets were available for this area, so the modeled data for these 
projects were not adjusted. 

4.2 Project Power Data 

Power time series data for each project was effectively calculated by multiplying the wind time 
series data extracted for each grid point within the project (as described above) by the 
appropriate power curve (as described below) and by the number of turbines assigned to that grid 
point (as assigned in Section 3.4.3). However, before this calculation, the extracted wind time 
series data were adjusted to account for wind speed biases if necessary, and also to account for 
project energy losses, as described below. In addition, statistical corrections (SCORE-lite 
process) were applied to the final power time series data set to account for variability 
characteristic of actual project output. 

4.2.1 Accounting for Losses 
DNV-GEC applied a wind speed reduction factor to account for project energy losses. The total 
net energy delivered by a wind power project at the revenue meter is always lower than the 
theoretical gross energy value calculated from the power curve as a result of system energy 
losses incurred within the project. To illustrate typical causes of project energy losses, Table 10 
shows standard loss categories and example values for each category. Although the actual loss 
factor for each category can vary substantially between projects, the listed values are reasonable 
estimates for the losses typically incurred at large scale wind projects in North America. Based 
on DNV-GEC’s experience with energy estimates for modern wind power projects, cumulative 
project energy loss tends to range from ~12% to ~25%, depending on specific project 
circumstances. For the purposes of this study, a standard loss factor of 18.5% was assumed. 
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Table 10. Example of Energy Losses for Large Scale Wind Projects 

Energy Loss Category Example Loss 

Routine Maintenance 0.4% 
Faults 1.9% 
Minor Component Failure 1.7% 
Major Component Failure 1.5% 
Balance of Plant Downtime 0.5% 
Array/Wake 6.5% 
Electrical Line/Transformer 2.5% 
Blade Soiling 0.5% 
Weather (lightning, icing, etc.) 3.0% 
Turbulence and Controls 1.0% 
Blade Degradation 0.4% 
Power Performance 0.3% 

Combined Losses 18.5% 

Note: Losses are based on energy not time. 
 
Each of the listed categories is mutually exclusive (meaning they do not all happen at the same 
time); however, the aggregate effect over the long term is represented by the combined loss 
value. Transmission system outages or curtailment are not accounted for in this breakdown. If 
these conditions are expected to be present in certain regions of BC, then accounting for their 
impact will be necessary in subsequent transmission studies.  
 
Instead of applying losses directly to the final power data, DNV-GEC adjusted the wind speed 
data to retain the full range of power values a project is likely to see. If straight losses were 
applied to the power data itself (as opposed to a correlated adjustment to the wind speed data, as 
was done here), the resulting power data would not reach rated power. This would prove 
problematic for the purposes of this study, since maintaining the full range of power outputs 
from 0 to rated power is crucial for subsequent integration analyses. 
 
To appropriately adjust wind speed data to account for energy loss, DNV-GEC had to assume a 
standard relationship between energy and wind speed. The amount by which a project’s energy 
output changes as a result of a change in wind speed will vary depending on both the shape of 
the project’s wind speed frequency distribution and on the specific turbine model. Given the 
range of wind speeds and frequency distribution shapes at all identified projects in this study, a 
range of ratios between energy and wind speed will be seen. Investigations into the ratio of 
percent change in energy to percent change in wind speed using measured wind speed data from 
several locations in the province ranged from 1.4 to 1.8. For this study, a moderate ratio of 1.6 
was used to account for the range of wind speeds and distribution shapes seen across the 
province. Given this, and the assumed energy loss factor of 18.5%, the associated wind speed 
reduction factor was calculated as 11.6% [18.5% / 1.6 = 11.6%]. Consequently, all project wind 
speed data was adjusted downwards by 11.6% before being used to calculate the power data sets. 

4.2.2 Power Curves 
The amount of power generated by a wind turbine at a given wind speed varies as a function of air 
density. In areas with relatively high air density (typically lower elevations and/or colder climates) 
the power generated by a turbine is greater than it would be in an environment with lower air 



BC Hydro Wind Data Study CSRP0009-A 
 

DNV Global Energy Concepts Inc. 42 May 1, 2009 

density. Consequently, using a turbine power curve that correlates to a site-specific air density is 
important for accurately calculating the power output of a turbine at that particular location.  
 
Project areas in the Vancouver Island and North Coast domains are relatively low in elevation 
(near sea level) and will consequently have air densities at or near a Standard Atmosphere 
(1.225 kg/m3). Projects in the Peace and Southern Interior domains are primarily located at 
elevations higher than 1000 m where air density is lower. For this study, the air density at the 
outlined project locations in each domain were estimated from the long term (30 year) simulated 
data sets produced at each of the 30 validation sites. The resulting air densities assigned to each 
domain are listed in Table 11.  
 

Table 11 Approximate Air Densities for Each Domain 

Domain 
Power Curve Air Density 

(kg/m 3) 

Vancouver Island 

North Coast 
1.225 

Southern Interior 

Peace 
1.1 

 
Power curves for both air densities (for both turbine models) were provided by DNV-GEC to 
3TIER for power data modeling. The power curves for the Vancouver Island and North Coast 
domains (Standard Atmosphere; 1.225 kg/m3 air density) are available directly from the 
manufacturers. The power curves for the 1.1 kg/m3 air density were created by DNV-GEC by 
interpolation from the Standard Atmosphere power curve, per IEC standard 61400-12. 
 
In addition to using air density-adjusted power curves for each domain, additional adjustments 
were made during the power conversion process based on the air density during each 10-minute 
record. Power values were computed using the effective wind speed value during each 10-minute 
record, where the effective wind speed is defined as Ve = V * (density / reference density)^ (1/3). 

4.2.3 SCORE-lite 
Numerical weather prediction models have a tendency to produce wind speed time series that are 
excessively smooth, i.e., they do not produce sufficient wind speed variation at short timescales. 
As a result, the overall behavior of wind plant output directly derived from mesoscale modeled 
wind speeds and put through a rating curve results in excessively smooth plant output. However, 
this simple conversion technique is still largely regarded as the industry standard. An alternative 
technique, the Statistical Correction to Output from a Record Extension (SCORE), was proposed 
in a paper presented at the IEEE Power Engineering Society General Meeting in 20072. SCORE 
has now been implemented in five different studies, representing several gigawatts (GW) of 
modeled potential wind energy installations. The SCORE process uses observed statistical 
deviations from a mean value to create probability density functions of deviation from some 
central point. It is run on each turbine and produces a time series of data for each turbine that 
then gets summed to sub-project groupings or summed up to entire project output. However, 

                                                 
2 C. W. Potter, H. A. Gil and J. McCaa, “Wind Power Data for Grid Integration Studies”, Proc. 2007 IEEE Power 
Engineering Society General Meeting, Tampa, FL, USA. Paper No. 07GM0808, Jun. 2007. 
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trying to run a probabilistic process on all turbines for this project would be extremely time-
consuming and the turbine locations would need to be approximated, meaning the individual 
turbine locations would provide no extra information. To solve this problem SCORE-lite was 
developed.  
 
SCORE-lite models each grid point, instead of each turbine and this is achieved by sampling 
from the original SCORE probability density functions multiple times and using these multiple-
resampled data to develop new probability density functions that represent multiple turbines 
instead of one. The goal of SCORE-lite is to take the “rated” power output, calculated by 
converting wind speed to power output through a simple rating curve, and modifying it such that 
the overall ramping characteristics more closely approximate those observed in reality. Previous 
validation studies have shown that the SCORE-lite process results in a more realistic number of 
ramps without any appreciable loss of accuracy in modeling the diurnal cycle.   
 
The SCORE-lite process was applied to the “rated” power values calculated for the 10 year, 
10-minute data sets. The resulting power values are expected to better match the overall ramping 
observed in operating wind project power data. SCORE-lite was not used for the 30 year, 
monthly power data, as inter-hour ramping patterns are not a concern for calculating a monthly 
average. The smoothness of the “rated” power data is only a concern for fine time-scale ramping 
considerations, and does not affect the magnitude of a monthly power average.  

4.2.4 Final Project-Average Power Data Sets 
A summary of the calculated project-average wind speeds and capacity factors (as calculated 
from the 10 year, 10-minute power data) for each domain are shown in Table 12. More detailed 
information, broken down by individual project, is presented in Appendix B. 
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Table 12. Installed Capacity, Average Wind Speed, a nd Capacity Factor for All 
Theoretical Projects 

Category 
Number of 
Projects 

Total 
Installed 
Capacity 

(MW) 

80-m Wind 
Speed 

Range (m/s) 

80-m Hub 
Height 

Capacity 
Factor Range 

Vancouver Island        
Readily Available 11 1283 6.8 to 8.2 25% to 34% 
Ambitious 3 138 6.3 to 7.1 20% to 27% 
Total 14 1421 6.3 to 8.2 20% to 34% 
          

North Coast          
Readily Available 7 922 6.5 to 7.2 20% to 28% 
Ambitious 5 3288 6.6 to 8.8 25% to 34% 
Total 12 4211 6.5 to 8.8 20% to 34% 
          

Southern Interior        
Readily Available 24 3554 6.5 to 7.7 20% to 31% 
Ambitious 6 600 6.3 to 6.4 19% to 23% 
Total 30 4154 6.4 to 7.7 19% to 31% 
          

Peace         
Readily Available 27 3410 6.6 to 9.6 23% to 41% 
Ambitious 21 2703 6.3 to 9.9 20% to 39% 
Total 48 6113 6.3 to 9.9 20% to 41% 
     
Province Total          
Readily Available 69 9169 6.5 to 9.6 20% to 41% 
Ambitious 35 6730 6.3 to 9.9 19% to 39% 
Total 104 15898 6.3 to 9.9 19% to 41% 

 
As explained in Section 4.1 the 30-year, monthly project data sets were synthesized using a 
separate model, and it was not expected that the 30-year data match the results of the 10-year 
data. Due to the finer model spatial resolution (2 km) used, the 10-year data sets are expected to 
have wind speed, and consequently power, magnitudes more representative of actual conditions. 
In fact, monthly wind speed averages in the 6 km, 30-year data sets were generally lower than 
those for the same project and time period in the 10-year data sets. This is explained by the fact 
that the theoretical wind projects are sited at optimal wind speed locations, whereas the modeling 
node points are fixed to a 6 km grid, which encapsulates the coarse resolution average wind 
speed. The 30-year monthly averages are more valuable for identifying long-term variation and 
trends in wind speeds than for assessing the wind speed magnitude for any project.  

4.3 Forecasted Wind Data 

Three individual wind energy forecasts were created for each theoretical project. These forecasts 
include climatological forecasts, perfect forecasts, and NWP-based forecasts, and were selected 
to represent the dynamic behavior and error patterns of state-of-the-art wind forecasting systems 
commonly used for wind project and power operations management. By providing perfect, 
climatological, and NWP-based forecasts, stakeholders will be able to assess the increased skill 
an NWP-based forecast system provides at each outlined project as compared to using no 
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forecast, a climatological forecast, or a persistence forecast (using the perfect forecast time series 
data). In addition, stakeholders will be able to analyze the expected error and uncertainty 
associated with each of the three forecast types. 
 
Climatological Forecasts: These forecasts are based on the expected average conditions and are 
often used as a baseline to evaluate the performance of other forecasting techniques. NWP-based 
forecasts typically outperform climatological forecasts for forecast lead times of less than about 
five days. Consequently, at the 24-hour ahead timescale, a climatological forecast provides a 
conservative estimate of forecast skill. It is important to note that the errors from a climatological 
forecast differ from the errors from a state-of-the-art NWP forecast. The maximum error for a 
climatology forecast will be smaller than the maximum error from a NWP forecast, but the mean 
error will be larger. 
 
Ideally, climatological forecasts would be derived from on-site observational data. However, 
since observational data are not available for the theoretical projects, the climatological forecasts 
were derived from the 10-year project-average time series data described above in Section 4.1.  
The climatological forecasts were obtained by computing the average diurnal cycle for each 
calendar month of the year. Thus, the climatological forecasts are essentially a month by hour, or 
“12 by 24,” table averaged over the 10-years of modeled wind resource data. 
 
Perfect Forecasts: Perfect forecasts attempt to forecast what will actually happen. For this study, 
the forecasted information was the modeled project-average time series. Clearly, perfect 
forecasts cannot be produced in a real-time environment, since the future is not known. 
However, these forecasts are essential in wind integration studies because they enable project 
stakeholders to evaluate the value of other forecasting techniques and to study the effects of wind 
power variability on the transmission network in case the future is perfectly known. As explained 
for climatological forecasts, perfect forecasts are ideally computed from observational data, but 
for this study they were derived from the 10-year project-average time series wind data. To 
compute the perfect forecasts, the 10-minute project-average time series were averaged to an 
hourly time frame, and the hourly average was calculated as hour-ending. 
 
NWP Forecasts: The third forecasted data set consisted of actual NWP forecasts. 3TIER ran an 
additional set of WRF simulations to generate the NWP forecasting data. The WRF model was 
configured to produce once-daily forecast runs initialized at 00Z with a forecast horizon of 
4 days (96 hours) over the period 2005-2007. This forecast horizon is sufficient to produce 
24 hour forecasts for each hour in the day out to three days in advance. The forecast simulations 
used archived global forecast grids from the Global Forecast System (GFS) model for 
initialization, and had a horizontal grid spacing of 6 km. The power conversion process for each 
forecast was based on the power curve of the turbines and the number of turbines at each project.  
The purpose of the NWP forecast data is to represent, in general, the skill level of an NWP-based 
forecast at each project; therefore, no losses or other adjustments were made to the NWP forecast 
data. The advantage of a NWP-based forecast is that spatial and temporal correlations of the 
forecast error will be similar to those in a real-time NWP-based forecast system. For example, 
timing errors in the forecast are likely to be similar for nearby sites.  
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Appendix B – Theoretical Projects Summary by Domain  
Note: Wind Speed and Capacity Factor are based on 10 year, 10-minute power data sets 

 

Project 
Name Category 

Approximate 
Distance to 

Transmission 
(km) 

Wind 
Speed 

Adjustment 

Estimated 
% Usable 

Land 

Assigned 
Turbine 

Type 
Capacity 

(MW) 

Wind 
Speed 

at 80 m 
(m/s)  

Capacity 
Factor 

at 80 m 

Vancouver Island         

VI09 Ambitious 50 0% 75% Siemens 2.3 55.2 7.1 27% 

VI10 Ambitious 50 0% 100% Siemens 2.3 34.5 6.7 25% 

VI11 Ambitious 10 0% N/A Siemens 2.3 48.3 6.3 20% 

VI02 Readily Available 45 0% 50% Siemens 2.3 172.1 6.9 26% 

VI03 Readily Available 40 0% 50% Siemens 2.3 310.5 7.1 28% 

VI04 Readily Available 25 0% 50% Siemens 2.3 62.1 7.0 27% 

VI05 Readily Available 20 0% 50% Siemens 2.3 255.3 6.9 26% 

VI06 Readily Available 15 0% 50% Siemens 2.3 117.3 7.0 27% 

VI07 Readily Available 10 0% 75% Siemens 2.3 165.6 7.2 31% 

VI08 Readily Available 20 0% 75% Siemens 2.3 41.4 6.8 25% 

VI12 Readily Available 5 0% 90% Siemens 2.3 48.3 7.5 30% 

VI13 Readily Available 10 0% 60% Siemens 2.3 34.5 7.2 28% 

VI14 Readily Available 10 0% N/A Siemens 2.3 34.5 8.2 34% 

VI15 Readily Available 35 0% N/A Siemens 2.3 41.4 7.4 29% 

 
 
 
 

Project 
Name Category 

Approximate 
Distance to 

Transmission 
(km) 

Wind 
Speed 

Adjustment 

Estimated 
% Usable 

Land 

Assigned 
Turbine 

Type 
Capacity 

(MW) 

Wind 
Speed 

at 80 m 
(m/s)  

Capacity 
Factor 

at 80 m 

North Coast         

NC01 Ambitious 70 0% 60% Siemens 2.3 560.4 7.4 31% 

NC02 Ambitious 50 0% 40% Siemens 2.3 234.6 7.0 28% 

NC04 Ambitious 85 0% 100% Vestas V90 2031.0 8.8 34% 

NC05 Ambitious 155 0% 40% Siemens 2.3 262.2 6.6 25% 

NC06 Ambitious 185 0% 50% Siemens 2.3 200.1 6.9 27% 

NC07 Readily Available 25 0% N/A Siemens 2.3 117.3 6.9 24% 

NC08 Readily Available 10 0% 90% Siemens 2.3 195.5 6.5 20% 

NC09 Readily Available 30 0% 50% Siemens 2.3 333.5 7.2 28% 

NC10 Readily Available 15 0% N/A Siemens 2.3 96.6 7.0 26% 

NC11 Readily Available 25 0% N/A Siemens 2.3 75.9 6.6 22% 

NC12 Readily Available 20 0% N/A Siemens 2.3 75.9 7.2 27% 

NC13 Readily Available 5 0% N/A Siemens 2.3 27.6 6.9 28% 
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Project 
Name Category 

Approximate 
Distance to 

Transmission 
(km) 

Wind 
Speed 

Adjustment 

Estimated 
% Usable 

Land 
Assigned 

Turbine Type 
Capacity 

(MW) 

Wind 
Speed 

at 80 
m 

(m/s)  

Capacity 
Factor 

at 80 m 

Southern Interior         

SI02 Ambitious 10 0% 60% Siemens 2.3 69.0 6.4 20% 

SI06 Ambitious 5 0% 60% Siemens 2.3 131.1 6.4 21% 

SI08 Ambitious 0 0% 50% Siemens 2.3 117.3 6.4 20% 

SI09 Ambitious 0 0% 75% Siemens 2.3 96.6 6.4 20% 

SI11 Ambitious 10 0% 50% Siemens 2.3 138.0 6.4 23% 

SI33 Ambitious 35 0% 75% Siemens 2.3 48.3 6.4 19% 

SI01 Readily Available 20 0% 80% Siemens 2.3 246.3 6.5 20% 

SI03 Readily Available 20 0% 60% Siemens 2.3 151.8 6.5 22% 

SI04 Readily Available 5 0% 75% Siemens 2.3 96.6 6.9 25% 

SI05 Readily Available 10 0% 70% Siemens 2.3 144.9 6.7 23% 

SI10 Readily Available 10 0% 80% Siemens 2.3 117.3 7.0 26% 

SI12 Readily Available 5 0% 50% Siemens 2.3 186.3 7.3 28% 

SI13 Readily Available 20 0% 50% Siemens 2.3 236.7 6.7 22% 

SI14 Readily Available 20 0% 75% Siemens 2.3 82.8 7.0 27% 

SI15 Readily Available 25 0% 60% Siemens 2.3 303.6 7.0 25% 

SI16 Readily Available 5 0% 30% Siemens 2.3 662.4 6.8 23% 

SI18 Readily Available 35 0% N/A Siemens 2.3 117.3 7.3 27% 

SI19 Readily Available 35 0% N/A Siemens 2.3 55.2 6.9 25% 

SI20 Readily Available 20 0% 100% Siemens 2.3 41.4 7.3 28% 

SI22 Readily Available 5 0% 100% Siemens 2.3 48.3 7.0 24% 

SI23 Readily Available 20 0% N/A Siemens 2.3 193.2 7.7 31% 

SI26 Readily Available 10 0% 80% Siemens 2.3 103.5 6.8 24% 

SI27 Readily Available 5 0% N/A Siemens 2.3 89.7 7.2 26% 

SI28 Readily Available 20 0% 75% Siemens 2.3 89.7 7.3 28% 

SI29 Readily Available 20 0% N/A Siemens 2.3 117.3 6.9 25% 

SI30 Readily Available 15 0% 50% Siemens 2.3 151.8 6.8 25% 

SI31 Readily Available 25 0% 75% Siemens 2.3 144.9 6.6 22% 

SI32 Readily Available 10 0% N/A Siemens 2.3 34.5 6.9 25% 

SI37 Readily Available 5 0% N/A Siemens 2.3 34.5 6.7 23% 

SI38 Readily Available 5 0% N/A Siemens 2.3 103.5 6.5 20% 
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Project 
Name Category  

Approximate 
Distance to 

Transmission 
(km)  

Wind 
Speed 

Adjustment  

Estimated 
% Usable 

Land  
Assigned 

Turbine Type  
Capacity 

(MW) 

Wind 
Speed at 

80 m 
(m/s)  

Capacity 
Factor at 

80 m 
Peace        

PC01 Ambitious 130 20% N/A Siemens 2.3 151.8 7.4 29% 
PC02 Ambitious 140 20% N/A Siemens 2.3 138.0 7.0 25% 
PC03 Ambitious 145 20% N/A Siemens 2.3 62.1 8.7 38% 
PC04 Ambitious 130 20% N/A Siemens 2.3 103.5 8.5 36% 
PC05 Ambitious 125 20% N/A Siemens 2.3 96.6 8.9 39% 
PC06 Ambitious 105 20% N/A Vestas V90 243.0 8.6 32% 
PC07 Ambitious 120 20% N/A Siemens 2.3 117.3 7.7 30% 
PC08 Ambitious 90 20% N/A Siemens 2.3 41.4 8.0 34% 
PC09 Ambitious 70 20% N/A Vestas V90 207.0 9.1 34% 
PC10 Ambitious 55 20% N/A Vestas V90 297.0 9.0 35% 
PC11 Ambitious 85 20% N/A Vestas V90 126.0 9.5 37% 
PC12 Ambitious 75 20% N/A Siemens 2.3 96.6 8.0 34% 
PC13 Ambitious 75 20% N/A Vestas V90 135.0 9.9 39% 
PC14 Ambitious 55 20% N/A Vestas V90 144.0 9.2 37% 
PC22 Ambitious 130 0% N/A Siemens 2.3 207.0 6.3 20% 
PC23 Ambitious 80 0% N/A Siemens 2.3 55.2 7.1 25% 
PC29 Ambitious 0 0% N/A Siemens 2.3 89.7 6.4 22% 
PC30 Ambitious 20 0% N/A Siemens 2.3 230.0 6.4 20% 
PC37 Ambitious 75 20% N/A Vestas V90 72.0 8.7 31% 
PC43 Ambitious 50 20% N/A Siemens 2.3 41.4 8.3 37% 
PC45 Ambitious 70 0% N/A Siemens 2.3 48.3 6.5 22% 
PC15 Readily Available 35 20% N/A Vestas V90 108.0 9.2 35% 
PC16 Readily Available 45 20% N/A Vestas V90 99.0 9.5 37% 
PC17 Readily Available 10 0% N/A Siemens 2.3 103.5 7.4 30% 
PC18 Readily Available 5 20% N/A Siemens 2.3 138.0 8.5 39% 
PC19 Readily Available 25 20% N/A Vestas V90 117.0 9.4 37% 
PC20 Readily Available 50 20% N/A Siemens 2.3 158.7 9.0 41% 
PC21 Readily Available 15 20% N/A Vestas V90 99.0 9.4 36% 
PC24 Readily Available 50 0% N/A Siemens 2.3 117.3 6.8 23% 
PC25 Readily Available 20 0% N/A Siemens 2.3 158.7 7.2 27% 
PC26 Readily Available 5 20% N/A Vestas V90 126.0 8.7 34% 
PC27 Readily Available 15 20% N/A Siemens 2.3 110.4 7.4 28% 
PC28 Readily Available 20 20% N/A Vestas V90 153.0 9.6 40% 
PC31 Readily Available 0 20% N/A Siemens 2.3 241.5 8.2 36% 
PC32 Readily Available 10 0% 90% Siemens 2.3 151.8 6.6 23% 
PC33 Readily Available 5 20% N/A Siemens 2.3 69.0 7.9 35% 
PC34 Readily Available 25 0% N/A Siemens 2.3 351.9 6.9 25% 
PC35 Readily Available 25 20% N/A Siemens 2.3 117.3 8.5 38% 
PC36 Readily Available 20 0% N/A Siemens 2.3 172.5 6.7 24% 
PC38 Readily Available 5 0% N/A Siemens 2.3 131.1 6.7 24% 
PC39 Readily Available 5 0% N/A Siemens 2.3 186.3 7.0 26% 
PC40 Readily Available 5 20% N/A Siemens 2.3 117.3 7.8 32% 
PC41 Readily Available 10 20% N/A Vestas V90 45.0 9.0 33% 
PC42 Readily Available 20 20% N/A Vestas V90 63.0 9.0 35% 
PC44 Readily Available 30 20% N/A Siemens 2.3 34.5 7.9 33% 
PC46 Readily Available 0 20% N/A Vestas V90 54.0 8.4 30% 
PC47 Readily Available 0 20% N/A Siemens 2.3 34.5 7.9 33% 
PC48 Readily Available 25 20% N/A Siemens 2.3 151.8 8.3 36% 

Note: Wind speeds shown are adjusted upwards by 20% for the applicable projects. 


