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Summary 

As the quantity of intermittent renewable electricity generation from wind increases within a region, the 

costs associated with integrating it into the broader electricity system also increase. This is primarily due 

to the need for dispatchable generators to vary power output to compensate for variations in the wind 

electricity generation. Such ‘balancing services’ represent a real and knowable economic cost to the 

system. However, that cost is typically not directly passed to wind farm operators, who most often 

operate under fixed rate energy supply contracts and seek only to maximize energy production. 

This work examines characteristics of the wind resource around the Canadian Maritime provinces (Nova 

Scotia, NS, New Brunswick, NB, and Prince Edward Island, PE) to identify geographic locations both on 

land and in near offshore where new wind farm capacity would minimize the need for additional electricity 

balancing service. This is particularly relevant as joint electricity dispatch agreements now exist between 

NS and NB, and between NB and PE.  

Historical wind speed and timestep wind farm power production data have been collated and normalized 

and used to determine locations where additional wind farms would impose less external balancing and 

transmission cost. Specifically, locations are identified which have i) low power output correlation to 

existing wind farms, ii) high characteristic time-shift with respect to existing wind farms, iii) high 

productivity when regional loads are high, and iv) locations that will not be overly impacted by inter-

provincial and inter-regional electricity transmission congestion. Weighting of these various metrics is 

omitted, as different stakeholders have different priorities, yet the results provide the tools to evaluate 

specific regional siting recommendations when additional wind farm generation capacity is procured. 

The principle finding of this report is that further wind energy development in southeastern NB, central 

and northern NS, and central and southern PE would tend to exacerbate variability of regional net load, 

and thus the need for balancing services. Additional wind farms in these areas would also contribute to 

inter-provincial and inter-regional electricity transmission congestion. In contrast, wind farms should be 

considered in locations around the periphery of the Maritimes. Specifically, northwestern NB and the NB 

panhandle, offshore near Sable Island, and Cape Breton, NS also score well on multiple metrics. 

Particularly attractive is the area around the mouth of the Bay of Fundy, especially on or offshore Grand 

Manan Island, NB. The resource in that area is not only world class in terms of wind speeds, but also has 

a relatively high correlation to provincial and regional loads, relatively low correlation to existing wind 

farms, a significant (leading) timeshift relative to existing wind, and high winds during times of high 

regional loads. That area further benefits by proximity to the NB electricity transmission system (Point 

Lepreau generating station is ~60 km northeast, and Coleson Cove is ~80 km northeast).  
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Résumé 

À mesure que la quantité d’électricité renouvelable intermittente produite par le vent augmente dans une 

région, les coûts associés à son intégration dans le système d’électricité élargi augmentent également. 

Cette hausse s’explique principalement par la nécessité pour les générateurs de répartir la production 

d’énergie afin de compenser les variations de la production d’électricité éolienne. Ces « services 

d’équilibrage » représentent un coût économique réel et connu du système. Toutefois, ce coût n’est 

généralement pas directement répercuté sur les propriétaires de parcs éoliens, qui agissent le plus 

souvent dans le cadre de contrats d’approvisionnement en énergie à taux fixe et qui ne cherchent qu’à 

optimiser la production d’énergie. 

Ce document examine les caractéristiques de la ressource éolienne dans les provinces maritimes 

canadiennes (Nouvelle-Écosse [N.-É.], Nouveau-Brunswick [N.-B.] et Île-du-Prince-Édouard [Î.-P.-É.]) afin 

de déterminer les emplacements géographiques, tant sur terre qu’en mer, où de nouvelles capacités de 

parcs éoliens permettraient de réduire au minimum la nécessité d’un service d’équilibrage électrique 

supplémentaire. Cela est particulièrement pertinent puisque des ententes conjointes de distribution 

d’électricité existent maintenant entre la N.-É. et le N.-B. et entre le N.-B et l’Î.-P.-É.  

Des données historiques sur la vitesse des vents et la production d’énergie dans les parcs éoliens ont été 

colligées et normalisées puis utilisées pour déterminer les sites où des parcs éoliens supplémentaires 

imposeraient un équilibrage externe et des coûts de transmission moindres. Plus précisément, on identifie 

les sites qui présentent i) une faible corrélation entre la production d’énergie et les parcs éoliens existants, 

ii) un décalage de temps élevé (avance ou retard) par rapport aux parcs éoliens existants, iii) une 

productivité élevée lorsque les charges régionales sont élevées, et iv) des endroits qui ne seront pas trop 

touchés par la congestion du transport d’électricité interprovincial et interrégional. La pondération de ces 

divers paramètres est omise, car les priorités varient d’un intervenant à l’autre. Pourtant, les résultats 

fournissent les outils nécessaires pour évaluer les recommandations régionales particulières en matière 

de choix de site lors de l’acquisition de capacités de production supplémentaires pour les parcs éoliens. 

La principale conclusion de ce rapport est que la poursuite du déploiement de l’énergie éolienne dans le 

sud-est du Nouveau-Brunswick, le centre et le nord de la Nouvelle-Écosse et le centre et le sud de l’Île-du-

Prince-Édouard tendrait à exacerber la variabilité de la charge nette régionale, occasionnant ainsi la 

nécessité de services d’équilibrage. D’autres parcs éoliens dans ces régions contribueraient également à 

la congestion du transport d’électricité entre les provinces et les régions. En revanche, des parcs éoliens 

devraient être envisagés dans des sites situés en périphérie des provinces maritimes. Plus précisément, le 

nord-ouest du Nouveau-Brunswick et la péninsule du Nouveau-Brunswick, l’île de Sable et le Cap-Breton, 

en Nouvelle-Écosse, se positionnent également bien à l’égard de plusieurs paramètres. 

La zone autour de l’embouchure de la baie de Fundy est particulièrement attrayante, notamment sur l’île 

de Grand Manan, au Nouveau-Brunswick, ou au large de celle-ci. La ressource dans cette région est non 

seulement de calibre mondial en ce qui a trait à la vitesse des vents, mais elle présente aussi une 

corrélation relativement élevée avec les charges provinciales et régionales, une corrélation relativement 

faible avec les parcs éoliens existants, un décalage de temps important (avance) par rapport au vent 

existant et des vents forts en période de charges régionales élevées. Cette région bénéficie en outre de la 

proximité du réseau de transport d’électricité du Nouveau-Brunswick (la centrale de Point Lepreau se 

trouve à environ 60 km au nord-est, et Coleson Cove à environ 80 km au nord-est). 
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Acronyms and Place Names 

Bay of Fundy  Bay separating southern NB from western NS 

Canso Causeway Channel of water separating CB from mainland NS 

Canso, NS Town on the eastern tip of mainland NS 

CB  Cape Breton Island in eastern NS 

cf Capacity factor, annual average power divided by nameplate capacity 

Chaleur Bay Bay separating NW NB from the Gaspé Peninsula 

Cobequid Mountains Mountainous ridge running E-W, north of the Minas Basin in central NS 

DFOC Department of Fisheries and Oceans Canada 

Digby Neck, NS Narrow peninsula projecting southwest from the western extreme of NS 

East Cape, PEI Easternmost point of land on PE 

Gaspé Peninsula, QC Peninsula of QC north and northeast of NB 

Grand Manan Island Large NB island at western end of Bay of Fundy, near NB-ME border 

Gulf of St. Lawrence Body of water delimited by NL, NS, PE, NB, Gaspé Peninsula and east QC  

ISO-NE Independent electrical System Operator of New England 

kV kilovolt, 1,000 volts electrical potential 

ME State of Maine, USA. 

MET Meteorological tower 

Minas Basin  Bay extending to the east in NS from eastern Bay of Fundy 

MT Maritime region of Canada, consisting of NB, NS, and PE provinces 

MW megawatt, 1,000,000 Watts electrical power 

NB Province of New Brunswick 

NBP  New Brunswick Power Inc., provincial electric utility in NB 

NB Panhandle ‘Peninsula’ of land extending west from Edmundston, NB 

NERACOOS Northeastern Regional Association of Coastal Ocean Observing Systems 

NL Province of Newfoundland and Labrador 

NOAA USA’s National Oceanic and Atmospheric Administration 

North Cape, PEI Northernmost point of land on PE 

Northumberland Str’t Channel of water separating PE from NB and NS 

NS  Province of Nova Scotia 

NSP Nova Scotia Power Inc., provincial electric utility in NS 

Onslow Electrical substation in central NS 

PE Province of Prince Edward Island 

PEIE Prince Edward Island Energy Corp., provincial electric utility in PE 

QC Province of Québec 

r Correlation coefficient 

Sable Island Small NS island 300 km ESE of Halifax, NS, 200 km S of Canso, NS 

SCADA Supervisory Control and Data Acquisition system 

WEICan Wind Energy Institute of Canada, located on PE’s North Cape. 

West Cape, PEI Westernmost point of land on PE 

WF Wind Farm 
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1 Introduction 

With continual reductions in the levelized cost of energy, building wind farms (WFs) has become a 

preferred route to decarbonizing the electricity system in order to meet greenhouse gas emissions 

reduction targets [1]–[3]. WFs also reduce criteria pollutants and create stable technical jobs in rural areas 

[4], [5]. However, integrating WFs with the electricity grid is not without challenges. The principal issue is 

that intermittent wind resources tend to vary in time with relatively high correlation over large geographic 

regions due to the size of the weather systems [6]. Most WFs are sited to achieve maximum energy 

production and near existing roads and electrical transmission lines, and therefore often cluster in 

locations with high annualized wind resources. This results in unintended power production correlation 

between WFs causing increasing balancing loads for dispatchable generators such as thermal and hydro 

[7]. The increased power ramp rates (up or down) and rapid cycling of thermal generators that are 

predominantly fossil fuel powered leads to lower energy efficiency and greater greenhouse gas emissions, 

meaning that a network of correlated WFs adds cost to the system as a whole. 

To inform efforts to cost-effectively increase the WF capacity in the Canadian Maritime provinces of Nova 

Scotia, New Brunswick, and Prince Edward Island (NS, NB, PE; shown in Figure 1 inset), this study examines 

several characteristics of the wind resource across the region. Rather than only looking for locations with 

high wind speeds [8], [9] or favorable construction or electrical interconnection conditions, wind 

resources are examined and characterized by their dissimilarity to existing WFs and their similarity to 

provincial and regional electricity loads. Electrical transmission constraints, both to access specific areas 

where wind resources may be advantageous, and at congestion points, are also examined to ensure that 

wind capacity can be used when it is available and where it is needed. Special emphasis is placed on high 

electrical load periods to increase WF capacity value that contributes to reliable generating capacity [10]. 
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Figure 1 Mean annual wind speed at 80 m above ground [8]. Inset: The Maritime Provinces of Nova 

Scotia, New Brunswick, and Prince Edward Island in eastern Canada. 

An annual average 80 m wind speed of 7 m/s is often cited as the threshold of economically viability, 

though newer technology featuring larger rotor diameters and taller towers (and streamlined supply 

chains and manufacturing processes) are reducing that [11]. Compared to this, Figure 1 shows many areas 

within the Maritimes have highly economic resources, with annual average wind speeds exceeding 7 m/s 

(yellow - orange colors) in many areas [8]. 

Given that context, it is not surprising that the Maritime Provinces have worked to take advantage of the 

abundant wind resource, with more than 1100 MW of installed capacity in a region with a population 

under 2 million. Significant WF penetration and low electrical loads in late summer have led to both NS 

and PE approaching the limits of what can be effectively accommodated by existing dispatchable 

generation. It is a concern that additional projects would hamper the ability of the electricity grid 

operators to insure reliable and stable electricity supply without significant wind curtailment. 

Policy makers in all three Maritime provinces are familiar with maps like the one in Figure 1, which have 

long been used in wind resource planning, while WF developers have used such maps to identify areas 

with the most lucrative resources, as measured on a ‘cost per lifetime energy’ basis. The high existing 

penetration of WFs, however, makes this inadequate in evaluating the relative value to the electricity grid 

of wind resources across the region. Between the shifting definition of an ‘economic’ wind resource and 
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the importance of existing wind generation to the net loads of the provinces, a more thorough 

understanding of how new WFs could interact with existing wind generation, contribute to regional loads, 

and impact existing transmission infrastructure is required. 

The motivation for this study is this to support the continued installation and expansion of WFs within the 

Maritimes, without adding undue strain on electricity transmission and balancing resources. From this 

follows a list of objectives. These are to identify areas within, and near, the Maritimes where the 

characteristics of the wind resource are such that additional WFs could be added without (or with 

minimal) further strain on such resources. Specifically, by looking at the spatial distribution of the time 

correlation of wind resources to existing loads, existing WFs, and known electrical transmission 

limitations.  

It is the hope of the authors that this work can compliment other wind planning studies. Prior to significant 

planning determinations, the finding of this study, appropriately weighted by the relevant stakeholders, 

should be considered in conjunction with other factors. Other researchers are addressing, refining, or 

extending (e.g. to the offshore) economic analysis of the wind resource including but not limited to 

resources assessments, capacity value calculations, or Levelized Cost of Energy (LCOE) estimates. Likewise, 

other institutions are examining policy-relevant anthropo-spatial considerations such as exclusion zones 

based on locations of significance to First Nations, shipping lanes, fishing grounds, marine sanctuaries and 

parks, or other considerations. 
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2 Data Sources 

This research is informed by environmental data, specifically wind speeds, and electrical system data. The 

spatial precision of the results is a function of the spatial density of the environmental data sources, while 

the accuracy and representativeness of the results is a function of the longitudinal extent of the data and 

also of the timestep in which those data are available. This section describes the data types and sources. 

Associations of data types to the various data sources and research partners is provided in Table 1. 

Table 1 Data types, sampling periods, and data sources. 

Data Source Land Wind Speed Buoy Wind Speed Wind Power Load Transmission 

NSP   5-min 5-min 1-hour 

NBP    30-min 30-min 

PEIE    30-min 30-min 30-min 

Katalyst Wind   10-min   

Environment Canada 1-hour 1-hour    

DFOC  1-hour    

NOAA 1-hour 1-hour    

NERACOOS  1-hour    

2.1 Measured Wind Speed 

Governmental weather and climate research entities often operate networks of meteorological (MET) 

monitoring equipment, sometimes as part of more highly specialized monitoring stations. These usually 

include a wind speed anemometer, though this is often at 10 m height above ground, rather than at an 

elevation more representative of wind turbine hub heights of 80 – 140 m. We rely on data from several 

such organizations, listed here: 

• Environment Canada maintains an extensive network of land-based meteorological stations 

throughout Canada1. These include 49 in NS, 25 in NB, 8 in PE, as well as numerous sites in 

Newfoundland and Labrador (NL) and Quebec (QC), which can aid in defining boundary conditions 

for the study area through interpolation. These data are generally hourly wind speeds at 10 m 

elevation, representing the average wind speed over the 10 minutes preceding the timestamp. 

Care must be taken because significant data gaps exist, and three time zones are represented 

(Eastern, Atlantic, and Newfoundland time). These are compiled and made more easily accessible 

by the University of Indiana.2  

• Fisheries and Ocean Canada (DFOC) maintains a network of weather and sea-state sensing data 

buoys in the Atlantic Ocean and the Gulf of St. Lawrence. These sites fill in spatial gaps left by on-

land sites and define a southern boundary condition. Wind speed measurements are taken hourly 

at 4, 5, or 6 m elevation above sea level, and are generally a 10-minute average.3 

 

1 https://climate.weather.gc.ca/ 
2 https://mesonet.agron.iastate.edu 
3 http://www.meds-sdmm.dfo-mpo.gc.ca/isdm-gdsi/waves-vagues/data-donnees/index-eng.asp 

https://climate.weather.gc.ca/
http://www.meds-sdmm.dfo-mpo.gc.ca/isdm-gdsi/waves-vagues/data-donnees/index-eng.asp
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• National Oceanic and Atmospheric Administration (NOAA) operates on-land meteorological 

stations throughout the United States, much as Environment Canada does in Canada. Of interest 

to this study, these include 18 stations in Maine (ME). As with other MET stations, these are hourly 

measurements at 10 m anemometer height, representing the average wind speed over the 10 

minutes preceding the timestamp.45 

• Northeastern Regional Association of Coastal Ocean Observing Systems (NERACOOS) maintains 

a network of offshore data buoys in the Gulf of Maine and Bay of Fundy, with hourly data. Like 

other buoy data, records are hourly, taken at 4 – 6 m height above sea level.6 

2.2 Wind Power Production 

The most direct data type for this analysis is recorded timestep wind power output from existing wind 

energy facilities. Such data may come from individual turbines via their on-board Supervisory Control and 

Data Acquisition (SCADA) systems or may come at the transmission interconnection substation level 

managed by utilities. In either case, the power output of the wind turbines reflects real-world operating 

conditions, including interruptions to operation such as icing events or output curtailment by a grid 

management entity. 

Research partners consisting of WF owners, developers, and operators have shared their data for use in 

this study. They are given here in alphabetical order: 

• Katalyst Wind developed a series of small WFs, four along the southwestern edge of NS, one in 

the New Glasgow, NS, and one in southeastern NL. The NS sites contribute significantly to 

understanding the wind in NS, and the NL location serve to inform the eastern boundary condition 

of the study area via interpolation. They have shared 10-minute turbine-level data dating back to 

each farm commissioning, representing 3 – 5 years, depending on the site. 

• Nova Scotia Power (NSP) is sole or part owner of serval large WFs in NS. They have provided high 

resolution grid intertie data for four of the largest farms in NS, dating back to 2015. These sites 

are well distributed across central NS. 

• Prince Edward Island Energy Corporation (PEIE) control three WFs across PE of varying size. They 

have shared 10-minute turbine-level data dating back to each farm commissioning, or when PEIE 

took control. 

A map of environmental data source locations separated by sensor type and jurisdictional location (state 

/ province / offshore) is provided in Figure 2. 

 

4 https://mesonet.agron.iastate.edu  
5 https://www.ndbc.noaa.gov 
6 http://neracoos.org/datatools/historical/graphing_download  

https://www.ndbc.noaa.gov/
http://neracoos.org/datatools/historical/graphing_download
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Figure 2 Map of data sources 

Note that in Figure 2 three WFs are indicated in NB. A data sharing agreement with NBP was not executed 

in time to be able to include power production histories from those sites in this study. Power outputs for 

those sites were synthesized for each of the three locations by interpolating data from the three nearest 

met stations. These output data were only used to estimate provincial wind totals and are not considered 

as data sources for other analyses. 

2.3 Provincial Load and Transmission Data 

Provincial utilities and energy companies collect and control numerous streams of high level data relating 

to the minute by minute operation of the electrical systems in their jurisdiction. This includes provincial 

load data and inter-provincial electrical transmission data.  

• New Brunswick Power (NBP) publishes provincial generation and load data, as well as 

transmission data across the various inter-provincial interties to ME, QC, PE, and NS. As such, NBP 

is the primary source of data to enable the inter-provincial transmission constraints analysis.7 

• Nova Scotia Power (NSP) has shared 5-minute and 2-minute provincial load data dating back to 

2015. In addition, they record the aggregate provincial wind power production on 2-minute 

timesteps. These aggregates are based on the sum of nine large telemetered WFs in the province 

representing ~70% of installed wind capacity, and proportionately adjusted to included non-

telemetered wind. Hourly data are publicly available.8 

 

7 https://tso.nbpower.com/Public/en/system_information_archive.aspx 
8 https://www.nspower.ca/oasis/monthly-reports/ 
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• Prince Edward Island Energy Corporation has provided provincial load, wind generation, and PE 

– NB transmission line loading.9 

The three provincial load timeseries are shown in Figure 3 for context. All three provinces are winter 

peaking loads, due primarily to electric space heat and longer dark nights during the winter. Also of note 

is the absence of any noticeable progressive load growth, which is partially attributable to extensive 

energy efficiency efforts. Year-over-year growth is outweighed by interannual variability in all three 

provinces, which enables multi-year comparison without complex load normalization.  

 

Figure 3 Load data from the three provinces, to indicate relative scale and seasonal trends. 

As is evident in Figure 3, NB peak winter loads (blue) reach almost 3000 MW, compared to those in NS 

which rarely exceed 2000 MW (orange). Those of PE are understandably far smaller, with winter peaks 

rarely exceeding 250 MW (yellow). Modest mid-summer cooling load peaks can be seen in all three 

provinces but are far smaller than winter heating peaks. 

2.4 Transmission Capacity Information 

The ability to deliver electrical power from the point of generation to the point of load relies on the 

electrical grid. Two aspects of the grid are examined: (1) proximity to transmission lines, and (2) 

correspondence of the wind resource to known transmission congestion points. 

2.4.1 Transmission System 

Proximity to transmission lines impacts the feasibility of building new wind power, since the power 

generated by the WF must be exported to the grid for delivery to regional loads. New transmission lines 

can be built, but they can be a significant part of the overall cost of a WF if they extend over a great length. 

The physical layout of the transmission systems in NS, NB, and PE are available from their respective 

provincial utility web pages10,11,12. Please note that information on the NB 69 kV system was not available 

and was not included other than the line out to Grand Manan Island in southwestern NB used as an 

 

9 https://energy.reinvented.net  
10 https://www.nbpower.com/en/about-us/our-energy/system-map  
11 https://nsuarb.novascotia.ca/sites/default/files/n-2_ns_power_2015_ace_plan_redacted.pdf  
12 
https://www.charlottetown.ca/UserFiles/Servers/Server_10500298/File/Environment%20and%20Sustainability/Su
stainability/Community%20Energy/Charlottetown%20PEI%20renewable%20presentation%20Hall.pdf  

                                
 

    

    

    

 
 
 
 
  
 
 
 

       

       

        

https://energy.reinvented.net/
https://www.nbpower.com/en/about-us/our-energy/system-map
https://nsuarb.novascotia.ca/sites/default/files/n-2_ns_power_2015_ace_plan_redacted.pdf
https://www.charlottetown.ca/UserFiles/Servers/Server_10500298/File/Environment%20and%20Sustainability/Sustainability/Community%20Energy/Charlottetown%20PEI%20renewable%20presentation%20Hall.pdf
https://www.charlottetown.ca/UserFiles/Servers/Server_10500298/File/Environment%20and%20Sustainability/Sustainability/Community%20Energy/Charlottetown%20PEI%20renewable%20presentation%20Hall.pdf
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example (refer to the Maritime and provincial results). To build this map, the transmission system 

information from each of the three Maritime provinces were used as a reference, and individual lines 

were traced on satellite imagery and recorded as series of latitude and longitude pairs, compatible with 

mapping software.  

2.4.2 Transmission Congestion Points and Capacity Utilization 

Congestion through transmission lines and interconnections is relevant. Data on the power transfers 

through provincial inter-ties is available from the provincial utilities / grid managers. NBP record power 

flows through such interties to each of QC, Northern ME, Southern ME, PE, and NS13. Duplicate, 

corroborating interprovincial flow information was also access from NS14 and from PE15. These values were 

found to be in good agreement. A map of the relevant provincial interconnections, including their peak 

transmission capacities, is shown in Figure 4. 

 

Figure 4 NB Power’s winter total transmission import/export capabilities (MW). Values may be 

lower in the summer.[12] 

In addition to interconnections NS publishes hourly data on transmission power at two locations within 

the province. 1) Canso Causeway carries all electricity exiting Cape Breton Island (in eastern NS). 2) 

Southbound power flows from the centrally located Onslow substation just north of Truro, NS, which 

carries power to Halifax and all points south and west. Both the transmission system map, and the 

congestion point locations in the Maritimes are indicated in Figure 5. 

 

13 https://tso.nbpower.com/Public/en/system_information_archive.aspx  
14 https://www.nspower.ca/oasis/monthly-reports/hourly-net-energy-flows-ns-nb-interconnection  
15 https://energy.reinvented.net/  

https://tso.nbpower.com/Public/en/system_information_archive.aspx
https://www.nspower.ca/oasis/monthly-reports/hourly-net-energy-flows-ns-nb-interconnection
https://energy.reinvented.net/
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Figure 5 Electrical Transmission System maps for New Brunswick, Nova Scotia, and Prince Edward 

Island. Interprovincial and interregional border crossing locations are indicated with yellow 

markers. 

2.5 Coastal Bathymetry 

Locating WFs offshore offers many advantages. Unlike on land, it is easy to simultaneously be very far 

from the nearest dwelling and very close to large centers of load. In addition, because the ocean is smooth 

(lacking hills, trees, buildings, etc.), wind speeds tend to be higher and turbulence tends to be lower 

offshore. Conventional offshore wind turbine foundation technology is suitable to ocean depths of about 

50 m. Bathymetric and topographic data for the whole world at moderate resolution (15 arc-second, 

roughly 320 x 450 m) are available from the International Hydrographic Institution, via the ‘General 

Bathymetric Chart of the Ocean” (GEBCO).16 These data were used to identify offshore areas in and around 

the Maritimes suitable for ground-mounted offshore WF development. 

 

16 https://www.gebco.net/data_and_products/gridded_bathymetry_data/ 

https://www.gebco.net/data_and_products/gridded_bathymetry_data/
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3 Data Processing Methods 

A variety of different data handling and analytical methods are used in this analysis to handle various data 

types and to explore the various metrics of interest. All data handling, processing, and plotting was done 

in Matlab software. 

3.1 Quality Control 

Before use each data set was reviewed for obvious data errors and inconsistencies. Two principal data 

quality problems have been identified. 

• Excessive missing data is a problem particularly prevalent in the offshore data buoys, though 

observed in data sourced from all types of equipment other than utility system aggregates. The 

complexities associated with repairing or replacing malfunctioning sensing equipment can lead to 

data gaps spanning weeks or months. To compensate for this, all analyses are evaluated pairwise 

between two timeseries, and only where both variables have data. To avoid seasonal sampling 

bias, records with less than a year of data (even if not a full contiguous year) are excluded from 

analysis. 

• Out of range values appear in all real systems due to sensor errors, data logger errors, etc. An 

example can be seen in the NS provincial load data in 2017, shown in Figure 3. To overcome such 

errors, engineering judgement was applied to aid outlier identification. Data values deemed 

improbable were deleted and treated as missing data. 

3.2 Using Power Output Measurements 

For WF locations from which historical power output time-series data are available, data handling can be 

relatively straightforward. After simple data quality control steps and timestamp-syncing (by interpolation 

or averaging, as appropriate) these data can be used directly. Annual capacity factors of WFs included in 

this study, defined as the ratio of annual average power to rated nominal power, range from 25% – 45%. 

Use of provincial aggregate wind production is complicated by the fact that the total installed capacity is 

not a constant value through time, since new WF commissioning will facilitate greater production. In order 

to make results comparable across years of data, the historic wind power data was scaled to presently 

installed capacity. This was done by first dividing each month of wind power output by the maximum wind 

power output recorded in the timeseries up to and including that month (normalizing), then multiplying 

the resulting curve by the maximum observed wind power in the entire record (scaling). This process is 

illustrated using NS data in Figure 6. 
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Figure 6 Normalization of historical provincial wind power data for NS. 

3.3 Using Wind Speed Measurements 

After quality control, raw wind speed data must be translated into WF power. In a real WF build scenario, 

several factors differentiate turbine power output from meteorological (MET) station wind speed 

measurements:  

• Micro-siting is conducted by the WF developer to select a location with locally higher wind 

speeds, likely a ridge or hill. This results in higher wind speeds than those recorded at MET 

stations. In the analysis we assume that the wind characteristics of interest vary slowly through 

space, so this micro-siting would not significantly change our results, other than via a fixed ratio 

of wind speeds. 

• Turbine hub height is far higher than a 10 m MET station anemometer, likely in the range of 80 – 

140 m. Due to friction with the ground, wind speeds at anemometer height are lower than at hub 

height. Estimating hub height wind from MET data is typically done by assuming a wind shear 

profile that dictates a fixed ratio of wind speed at measured and design hub height (power law or 

log law). 

• A wind turbine Power Curve is used to translate from wind speed to electrical power output. The 

power curve is a function of equipment choice, particularly the ratio of the swept area to the 

generator rating, and to an extent the control systems used to protect the turbine during a storm. 

3.3.1 Methods for Wind Speed Measurements 

Micro-siting, hub height selection, and turbine (and thus power curve) selection are complicated by the 

fact that developer choices are motivated by the wind resource and construction economics to deliver 

the lowest cost electricity. In high wind resources, this would mean saving money on tower heights and 

blade length, but spending more on generator nameplate capacity; conversely, in poor wind resources, 

this would mean saving money on generator capacity but spending more on tower height and blade 

length.  

These three unknowns can be sidestepped with one assumption; that a developer would find a way to 

produce a ‘typical’ capacity factor at a site. The focus of this study is the timing of wind power production 

events, not their magnitude, so small errors in magnitude are of little importance. Following this logic, the 

approach used in this study is to determine site specific power timeseries from wind speed measurements 

as follows: 

                                
 

   

   

   

 
 
 
 
  
  

 
 

                   

                       

                            



 

Page 12 of 70 

• Apply the normalized turbine power curve to the wind speed time series. It should be noted that 

longer turbine blades would shift the power vs. wind speed curve to the left, while shorter blades 

would shift it to the right. Similarly, a taller tower would shift x-axis values (wind speeds) to the 

right, proportionately shifting the curve to the left, while a shorter tower would do the opposite. 

• Compute the multi-year capacity factor for the site by averaging the normalized power outputs. 

• If the resulting capacity factor for that location is lower than the target typical capacity factor 

value, increase the wind speeds in the timeseries by a multiplier and iterate. 

The target capacity factor was selected to be between those observed in PE as a whole (36.5%) an in NS 

as a whole (38%), giving a resulting target value of 37%. Thus, the wind speed multiplier is ratcheted up 

until the capacity factor of every wind speed measurement point in Figure 2 is 37%. This iterative 

development of a targeted capacity factor at each MET station results in a plausible site-specific power 

output timeseries, yielding a hypothetical WF with a defined annual capacity factor of 37%. 

3.3.2 Power Curve Development 

The power curve used was developed from the most closely co-located meteorological station and WF 

with the dataset. These are at the Wind Energy Institute of Canada (WEICan) research facility at North 

Cape, PE. An annotated satellite image of the facility is shown in Figure 7. As can be seen, the MET tower 

is within 500 m of the nearest turbine in the wind field, and within 1.6 km of the most distant. 



 

Page 13 of 70 

 

Figure 7 Satellite view of North Cape, PE (inset), where a meteorological station and a WF are co-

located (within 1.6 km). 

The normalized power output of the North Cape WF is plotted against the wind speed measured at the 

MET tower as a scatter plot in Figure 8. In addition to the scatter plot, 5th, 25th, 50th (median), 75th, and 

95th percentile WF power output values for each MET tower wind speed are also plotted to indicate the 

spread of the data.  
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Figure 8 Turbine power curve used in translating linearly adjusted wind speeds into power outputs. 

From Figure 8, the median production (purple) is used a transfer function to convert wind speed 

measurements into the WF normalized power outputs used throughout subsequent analyses.  

3.3.3 Observed Power Curve Discussion 

It is worth making special note that the WF at North Cape, PE uses what would today be considered small, 

low power wind turbines. To illustrate and explore the impacts of this, the process of developing a power 

curve was repeated for the MET and WF sites at Canso, NS.  

The WF in Canso uses considerably newer, higher power 2.3 MW Enercon E-82 turbines on 78 m towers, 

as opposed to the 0.66 MW Vestas V47 on ~45 m towers at North Cape PE. The resulting power curve 

from Canso, NS are shown in Figure 9, using the same format as Figure 8. 
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Figure 9 Incomplete turbine power curve from newer, taller, higher power turbines, at Canso, NS. 

Four characteristics of Figure 9 are of interest, particularly as compared to Figure 8 from the North Cape 

site. The first three informed the decision to use the North Cape data rather than these, and the last 

describes the impacts that decision may have had on the capacity value results. 

• There is considerably greater variability of WF power measurements (y-axis values) for a given 

MET tower wind speed (x-axis location). This may be partly explained by the fact that in Canso, 

the MET tower and the WF are separated by roughly 3 km (2.7 – 3.3 km), or about three times as 

far as those at the North Cape site. They are also separated by 68 m of measurement height 

difference (78 m vs. 10 m), compared to ~35 m at North Cape. 

• There is less data overall, and far less exhibiting turbine ‘survival mode’, where output falls due 

to the blades pitching into the wind to reduce aerodynamic lift and chances of damage at wind 

speeds beyond ~20 – 25 m/s17. This reflects the larger operational envelope of the newer, more 

powerful machines at Canso, but also is impacted by the fact that a considerable quantity of the 

output data from the WF had to be discarded in the data quality control process. 

• Even with careful manual data quality control, hallmarks of invalid data are evident: Horizontal 

‘lines’ of data points can be seen at MET wind speeds above ~13 m/s. These lines appear at even 

6ths of the nominal output (0.83, 0.67, 0.5, 0.33, & 0.17). The Canso WF has six turbines, and this 

data artifact suggests that data from times when fewer than six of the turbines were in operation 

made it through quality control and were normalized as though all turbines were running. 

• Possibly of greatest significance to the following analysis and discussion, the observed power 

production at low wind speeds is significantly higher than that at North Cape. At the lowest two 

points of the median production line in Figure 9 (purple), corresponding to MET wind speeds of 

0.5 m/s and 1 m/s, the median normalized power outputs are 4% and 3% respectively. This 

 

17 https://www.thewindpower.net/turbine_en_495_enercon_e82-2300.php 

https://www.thewindpower.net/turbine_en_495_enercon_e82-2300.php
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contrasts to the median observed power production at North Cape only rising above 0% at 3.5 

m/s wind speeds. Similarly, at 5 m/s, this power curve gives a value of 20%, while the North Cape 

curve gives only 10%. This apparent production at low wind speeds may be a consequence of the 

physical distance between the MET tower and the WF. Part of the effect, however, is likely ‘real’, 

relating to the lower cut-in speed of the large Enercon units of 2 m/s (vs. 4.5 m/s for the smaller 

Vestas turbines18). If it is more representative of future WFs, it would have a significant impact on 

the capacity value of wind. 

3.4 Synchronizing Time Steps  

The data come with a variety of different time-step resolutions, from 2 minutes to 1 hour. Some of these 

are full period averages, some are shorter duration averages, while others some are instantaneous values. 

These also originate from a number of different time zones, including Eastern, Atlantic, Newfoundland, 

and Coordinated Universal Time (UTC). Some data included daylight savings adjustments. To avoid 

ambiguity, a 10-minute timestep in UTC which does not observe daylight savings time was used 

throughout as the reference time. 

Data points were synchronized into this unified timestep. For large timestep data that represented full 

period averages, points were duplicated across the relevant 10-minute timesteps. If data points were a 

short period average or instantaneous value, intermediate points were filled in with linear interpolation. 

For incoming timestep data at higher resolution than 10-minutes, synchronizing required computing a 

trailing 10-minute average for each data point. 

Missing data points were also addressed. Data gaps smaller than 6 hours were filled in with linear 

interpolation. Data gaps longer than 6 hours were propagated as missing values and disregarded in 

subsequent analyses. The basis of this decision is that wind events tend to ramp up or down and sustain 

on timescales of several hours, and interpolated data across 6 hours were likely to be more representative 

of the actual conditions than random chance. This is particularly defensible for large WFs that have some 

systemic smoothing of wind fluctuations [9], [10]. 

The output of these procedures was a synchronized, timestamped block of data, with one location (either 

of a WF, government or airport meteorological station, or data buoy) represented in each row, and one 

10-minute point in time represented in each column. Each column corresponds to a point on a timestamp 

vector in UTC, while each row is tied to metadata about the site, with site type (anemometer vs. turbine 

vs. WF) and the location being the principal items of interest. 

Provincial aggregate load, aggregate wind generation, and interprovincial transmission line power had 

their timestamps similarly converted to UTC, synchronized, and built into a compatible block of data on 

the same timestep columns. Separate corresponding metadata structures carry additional specifics about 

each line such as type (load, aggregate provincial wind, or transmission power), and location. 

 

18 https://www.thewindpower.net/turbine_en_176_vestas_v47-660.php 

https://www.thewindpower.net/turbine_en_176_vestas_v47-660.php
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4 Site Suitability Metrics 

Each location for which a power output timeseries has either been retrieved or produced is evaluated 

according to a variety of metrics of site suitability. In designing an intermittent renewable component to 

an electrical power system, various considerations must be taken into account, and are crucial for the 

reliable operation of the system as a whole.  

• Load, which for the most part vary independently of any grid manager’s desires or limitations, 

must be met at all times.  

• Wind turbines in different locations will give different results with respect to these different 

metrics.  

• Existing limitations on moving electricity via the transmission system must be respected.  

On the assumption that these metrics vary slowly in space relative to the density of the sensors and WFs, 

interpolation between sites enables a full map of each metric across the spatial extent of the analysis. 

4.1 Correlation Analysis 

Correlation (denoted by the variable ‘r’) is a measure of the extent to which one variable can be predicted 

based on the value of another variable, assuming a linear relationship. Correlations can have values 

ranging from -1 to 1, where a value of either -1 or 1 indicates that the value of the second variable is 

explicitly and precisely defined by the value of the first variable. If +1 (i.e., a ‘positive correlation’), then if 

variable one is higher, variable two is also higher, and if -1 then if variable one is higher variable two is 

lower. As correlation values approach 0 from either direction, the variability of the second variable 

increases, to the point that at 0 there is no linear relationship between the variables. This can be seen 

graphically in Figure 10. 
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Figure 10 Visual explanation of correlation19 

Correlation is a quantitative shorthand that can be used to answer questions about how well one thing 

matches or corresponds to another. In this research it is used to describe how locational wind resources 

match with other time-varying quantities, such as the output of existing built-out wind capacity or 

provincial load. For some of these correlations, a high value is desirable (e.g., how wind output correlates 

with load), while for others a low value is desirable (e.g. how a new wind output correlates to existing 

wind output). The correlation of each measurement location to each reference time-series is conducted 

using the Matlab ‘corrcoef’ function. For each comparison, for each location, a single correlation value is 

determined. This set of location-specific correlations can then be plotted by tracing lines around 

geographic areas where correlations are equal. These lines are referred to as isometric lines, from iso 

meaning ‘equal’, and metric meaning ‘measurement’. Isometric lines can be superimposed on a map of 

those locations.  

The reference time-series, i.e., the variable to which wind variability is correlated, can be: 

• The Maritime regional aggregate wind power, consisting of the sum of the provincial aggregate 

wind outputs of NS, NB, and PE (seeking lower correlation) 

• The Maritime regional aggregate load, consisting of the sum of the provincial loads from NS, NB, 

and PE (seeking higher correlation)  

Based on this we suggest a consortium of Maritime utilities or Policy Groups might want more wind built 

in the context of joint optimized dispatch. 

In addition, in the Appendices, wind resources are correlated with the scope limited to specific provinces 

in order to inform each provincial utility, considered in isolation, where more wind capacity would benefit.  

• Each individual provincial aggregate wind power production (seeking lower correlation) 

 

19 https://en.wikipedia.org/wiki/Correlation_and_dependence 

https://en.wikipedia.org/wiki/Correlation_and_dependence
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• Each individual provincial load (seeking higher correlation).  

4.2 Timeshift Analysis 

The displayed area of the maps used to present finding covers roughly 1000 km square. Weather systems 

tend to blow across the region from west to east, driven by the jet stream 10 km above the surface in the 

stratosphere. The jet stream characteristically flows counterclockwise around the North Pole at these 

latitudes due to the Coriolis Effect, and therefore weather systems arrive at western points earlier than 

they arrive in the east. This effect is illustrated in Figure 11, taken from [6], in which timeseries curves of 

the normalized power production of five WFs within Nova Scotia are smoothed (for clarity) and plotted. 

The legend in Figure 11 lists WFs from west (Wedgeport, NS) to east (Gardner Mines, NS). The distinct 

time shifts between these distributed sites seen in Figure 11 contributes to less rapid variations in power 

delivery from an aggregate wind resource in the province. 

 

 

Figure 11 Timeseries data for 5 WFs in Nova Scotia over 2 days. A distinct timeshift can be identified 

whereby the more westerly WFs (Wedgeport & South Canoe) are subject to changing 

weather systems before the more easterly WFs (Sable and Gardiner Mines). 

The timeshift of each site is intended to represent the advance or delay of that site’s power output 

variations relative to a ‘standard’, which is generally the timeseries of aggregate wind power. To quantify 

this timeshift for each site, the correlation of the power output of that site is computed to the total WF 

power output in the Maritimes. Each site’s output is then offset in time by a range of possible shifts, 

increments of the 10-minute timestep, and at each shift the correlation coefficient with the Maritime 

aggregate is re-calculated. A curve of correlation vs. tested timeshift can then be drawn. The peak of this 

curve, i.e., the timeshift at which the best correlation is found, is defined as the ‘characteristic timeshift’ 

of that site. The example of WFs in Nova Scotia used in [6] is shown Figure 12, with sites again listed from 

west to east in the legend. 
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Figure 12 Correlation of each farm to the provincial aggregate changes as different timeshifts are 

applied. The timeshift that yields the highest correlation for each farm is termed the 

‘characteristic timeshift’ for that farm.  

The impact of aggregating resources that have different characteristic timeshifts is reduced ramp rates 

and greater reliability of the aggregated wind power output. This characteristic timeshift is a metric that 

has been developed and is evaluated for the Maritimes in lieu of more specific ramp rate analysis, suitable 

for capturing a whole region. 

4.3 Capacity Value of Wind 

Capacity value of new WFs, and the corresponding ability of wind to contribute to grid reliability metrics 

necessary for regulatory compliance, could be maximized by siting new WFs where wind tends to blow 

reliably when loads are high [10]. With the dataset assembled as described, establishing locations with 

good capacity value requires considering wind power production specifically at times when Maritime 

regional loads are high. At such times, whether the highest 1%, 5%, 10% etc. of loads, the distribution of 

wind power production at each site is used to establish the ‘reliable’ capacity. ‘Reliable’ can likewise be 

defined, so may be the quantity of wind available at least 95%, 90%, or 80% of such high load times [13]. 

Picking a specific value for both ‘high’ Maritime region load and ‘reliable’ wind, the fractional production 

of wind at each site can be mapped across the region as with other metrics. 
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4.4 Transmission Constraints Analysis 

Two aspects of transmission constraint to WF siting are considered: (1) access to the grid, and (2) inter-

provincial congestion. 

Access to the grid of certain sites depends on proximity to transmission of various voltages, and available 

capacity. To inform this aspect of the study, transmission maps from each of NS, NB, and PE were 

transcribed to latitude and longitude data files (Figure 5). In lieu of a strict algorithmic quantification of 

locations, visual inspection of the map is used to evaluate suitability of various locations. 

Additionally, inter- and intra- provincial transmission loading time series data are used. By comparing the 

cross-border and reference point power flows with wind profiles, the suitability of adding WFs at a given 

location can be evaluated. Evaluation of the spatial distribution of wind resources during times of high 

loading at specific transmission points is quantified in the province-specific Appendices.  

Grid system operators formalize nominal line capacities of the transmission systems for which they are 

responsible. These can include variable capacities as a function of the time of year, which relates to 

ambient temperature, the thermal expansion of the metal wires, and resulting wire sag. This analysis does 

not address seasonal de-rating, instead examining historical distributions of power transfer in either 

direction at monitored transmission points.  

For this analysis, the historical distribution of interprovincial power flows at each transmission 

measurement point are examined. The times when such flows are at their highest 5% in either direction 

are identified. The mean wind power during those 5% of times is then calculated at each site. As with the 

correlation analyses, these location-based values are interpolated and plotted as isometric lines 

representing areas of equal mean wind power capacity. 
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5 Maritime Results 

The spatial diversity of various characteristics of the wind resource is compared to aggregate load, wind, 

net load, and transmission for the maritime region. 

5.1 Correlations 

5.1.1  Correlation to Existing Wind Resources 

This analysis seeks to identify sites where new wind capacity would on average produce power when 

production is low in the existing network of WFs in the Maritimes, and produce little when other WFs are 

producing a lot. Correlations to existing wind production in the Maritimes are mapped in Figure 13. Lower 

(warmer color) values are better.  

 

 

Figure 13 Correlation of wind resource to existing aggregated wind generation. The best areas are 

northwestern New Brunswick. Lower values are better. 

Figure 13 shows that to achieve low correlation with existing wind resources in the Maritimes, the best 

areas for development (lighter colors) are in northwestern and southwestern NB with r < 0.5, and to a 

lesser extent the eastern tip of Cape Breton, NS. In contrast, most of PE, southeastern NB, and mainland 

NS wind resources are quite well correlated with existing wind with r > 0.6. This is most likely due to the 

large collective capacity of WFs in this area. 



 

Page 23 of 70 

Correlation in offshore areas is highly variable, with moderate values r ~ 0.5 in the Bay of Fundy and 

around NS’s Atlantic coast, very high correlations offshore PE, and relatively low offshore northeastern 

NB and in Chaleur Bay. The broad range of observed correlation values and generally gradual transitions 

between values across multiple measurement sites lend confidence to the results. 

5.1.2 Correlation to Regional Load 

This analysis seeks to identify sites where new wind capacity would produce more when Maritime 

electrical loads are higher. Correlation to regional electrical load (as contrasted to net load) provides an 

indication of how much of the aggregate load, on average, could be provided by wind. It also produces a 

valuation of all wind, including existing WFs. Wind conversion capacity placed in areas that correlate well 

with the regional load (higher values) would need less curtailment, while capacity placed in areas with 

lower correlation may need more frequent curtailment for a given total installed capacity. (Note that this 

is not a timestep curtailment or operational analysis, this conclusion is inferred from the practical 

implication of the definition of correlation). Thus, in Figure 14, higher values (warmer color) indicate that 

wind power is available when power it is needed within the system.  

 

Figure 14 Correlation of wind resource to Maritime aggregate electrical system load. Measurement 

sites are indicated with red dots (wind speed) and red stars (wind power) The best areas 

are at the mouth of the Bay of Fundy, though all correlation values are low. Higher values 

are better. 

As can be seen in Figure 14, correlation to load is less than r = 0.4 everywhere on the map, and with very 

few exceptions less than r = 0.25 on land. Low values are to be expected due to the highly variable nature 

of the wind resource. It can be at full power or at zero power at any time of the year, whereas the load 
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varies relatively slowly and relatively smoothly. The best correlations near shore are in the offshore areas 

such as the mouth of the Bay of Fundy between Nova Scotia’s Digby Neck, and New Brunswick’s Grand 

Mannan Island. The worst values, below r = 0.1 are found in the Cobequid Mountains of central NS, where 

numerous WFs have been built due to the attractive wind resource and proximity to transmission.  

Correlations above r = 0.3 are also observed further offshore all around the southwestern and southern 

shore of NS, including around Sable Island. This higher (but still moderate) correlation over water probably 

reflects the most consistent wind speeds over water, which increases the effect of a favorable seasonal 

variability. 

5.1.3 Correlation to Regional Net Load 

Net regional electrical load is defined here as the gross regional load (used in section 5.1.2) minus the 

wind production at each point in time. Net load is the quantity of electricity that must be supplied by all 

sources of electricity other than existing wind, so includes demand for hydro, fossil, nuclear, and solar 

generation, as well as imports from neighboring jurisdiction (QC, ME, and as of the opening of the 

Maritime Link, NL). Net load is also used in the generally accepted definition of effective load carrying 

capacity of variable resources [14]. The correlation to net load is an indication of the consistency with 

which incremental new wind capacity at a given location would reduce the need for dispatchable 

generation and imports. The results of this analysis are shown in Figure 15 where higher values (warmer 

colors) are better. 

 

Figure 15 Correlation of wind resource to Maritime aggregate electrical system net load (load minus 

existing wind power output). The best areas are at the mouth of the Bay of Fundy. Higher 

values are better. 
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Figure 15 reveals universally very low correlations, with r < 0.2 indicating almost no linear relationship. 

This is consistent with the low correlations with gross load, exacerbated by the impacts of existing wind 

capacity. Indeed, negative correlations (blue colors), which were not seen in the previous analyses, can 

be seen over most land areas. This indicates that when those areas have high production, the net loads in 

the Maritimes are characteristically low (though the linear relationship is weak). Due to the extensive 

wind resource already in place, when there is a lot of wind production, even if total loads are high, net 

loads cannot be very high. In other words, high net loads tend to only occur when the contributions of 

wind are low. Additional capacity in an area with negative correlation, such as the Cobequid Mountains 

in central NS, would tend to increase the variability of demand for dispatchable generation, require 

curtailment more frequently, and do less than farms at other locations to decrease the need for total 

dispatchable capacity. Note that this is not an indication that these locations are intrinsically ill-suited to 

wind energy production. It only addresses incremental capacity choices. An abundance of existing wind 

at a site is the cause of this correlation, not an indication that such siting was ill-advised. Though again it 

must be emphasized, all observed correlations (both positive and negative) are low. 

5.2 Capacity Value  

Capacity value is very closely linked to the correlation to load. Instead of looking at the strength of the 

linear relationship between all values throughout the time series, however, the capacity calculation 

addresses the question, how much wind capacity is reliably available during the highest load times only. 

The underlying Maritime Load data (the sum of loads in the three provinces) in shown in Figure 16, with 

the highest 10% of loads (above about 3920 MW) highlighted in orange, highest 5% of loads (above about 

4180 MW) in yellow, and highest 1% of loads (above about 4590 MW) in purple. 

 

Figure 16 Seven years of load in the Canadian Maritimes, with highest 10%, 5%, and 1% of loads 

shown in orange, yellow, and purple respectively. 

Note in Figure 16 that variability within and between years vastly exceeds inter-annual variability; the 

highest load peaks in 2013 and 2014 are just as high as the highest in 2019. The definition of capacity 

value varies from one report to another and one jurisdiction to another. As a demonstration and 

explanatory example, the 10% highest gross loads are selected as the domain of analysis, and the 15th 
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percentile wind production is taken as the definition of ‘reliable’, giving 85% confidence that the resulting 

quantity of wind capacity will be available. These values are consistent with [15]. The reliable capacity for 

these conditions, expressed as a fraction of each installed MW of wind capacity that is producing, is 

plotted in Figure 17. Note that the isometric color scale in Figure 17 is roughly logarithmic, to make clearer 

the broad range of observed values. Also note that the capacities values represent that of a WF at each 

specific point, rather than the overall capacity value of all WFs combined, which would be much higher. 

 

Figure 17 Capacity value of wind with respect to aggregated Maritimes load. 

In Figure 17, it is evident that capacity values at 85% confidence for the highest 10% of loads are low. 

Capacity values between 0 and 0.03 (dark blue through green colors, 0 – 3% of installed capacity being 

available 85% of the time during the highest 10% of loads) are observed over most land areas in the 

Maritimes. Figure 17 shows that in general onshore wind does not provide much capacity value. Offshore 

wind scores somewhat higher. Siting WFs 20-100 km offshore, particularly in the mouth of the Bay of 

Fundy, achieves significantly greater capacity, up to and above 10% at plausible distances from shore. A 

table of similar capacity evaluations at different load and confidence levels is shown in Table 2. Note the 

logarithmic isometric color scale used in the figure in Table 2 is the same as that used in Figure 17. 
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Table 2 Regional wind capacity value at different definitions of ‘high load times’ and different 

confidence levels. 

 Load >90th Percentile Load >95th Percentile Load >99th Percentile 
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In Table 2, reading lines of plots from right to left refines the load, selecting times with higher and higher 

loads. Doing so increases the reliable wind marginally, indicating that at the highest loads, wind and load 

are positively correlated. This may relate to wind increasing load (all other things being equal) by 

increasing building heating loads via air intrusion, increased convection, and other mechanisms. 

Scanning down the columns of Table 2, the analyses are refined to progressively higher confidence in the 

wind power being there, i.e., a progressively lower percentile of the distribution of wind powers available 

when load is above a certain level. This progression must mathematically trend towards lower wind 

capacity. At the 95% confidence level (bottom row), it is evident that primarily wind power measurement 

sites (i.e. WFs) register non-zero values while territory covered only by MET towers is uniformly at 

effectively 0 capacity. This makes clear that a systematic difference between wind sites and power sites 

exists, and suggests that at least for many of the large, real-world WFs in the Maritimes, the power curve 

developed from PE’s North Cape site under-represents production at low wind speeds. This hypothesis 

was explored in section 3.3.3 by attempting to develop a power curve from a different site where larger, 

more modern turbines are used. 
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5.3 Characteristic Timeshift 

The characteristic timeshift is a proxy for the ability of a site to smooth out the variability of existing wind 

resources by experiencing changes in wind power production at different times. It is a measure of the 

distance in ‘weather-time’ between sites separated in space, created by the velocity and direction of travel 

of weather systems. Site timeshifts with respect to the aggregate wind power production in the Maritimes 

are shown in Figure 18. Larger absolute values, both positive (warmer colors) or negative (cooler colors) 

are better. 

 

Figure 18 Characteristic Timeshift in hours, with respect to aggregated wind power production in the 

Maritimes. 

As might be anticipated, Figure 18 shows a characteristic timeshift near zero (lightest blue line) for sites 

along a line from the center of NS, the Cobequid Mountains, where much of NS’s wind power capacity is 

located, through PE and northeastern NB, where much of NB’s wind capacity is located. Timeshifts 

become positive (wind events lead those along this neutral line) to the west by as much as almost 4 hours 

in the panhandle of northwestern NB and NB’s Grand Manan Island, while they are negative (lagging) to 

the east, by as much as about 4 hours in northeastern Cape Breton. This represents a relative shift of 

roughly 8 hours across the Maritimes, which is a duration significant in the context of the timescales of 

weather systems (see Figure 11). This implies that additional wind resources in areas with high absolute 

timeshift values would tend to reduce the ramp rates of aggregated wind as weather systems progress 

across the area. 

An eight-hour timeshift is also a significant to the timescales of utility resource planning and daily load 

fluctuations. Figure 19 shows load time series for the three Maritime provinces for four high-load winter 
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days (left plot) and four low-load summer days (right plot). Note that PE loads are significantly lower than 

those of NS and NB, so are plotted on a separate y-axis scale on the right-hand axis of each plot. The full 

multi-year correlations between the provinces are listed in Table 3. 

 

Figure 19 Provincial loads during high-load winter period (left plot) and low load summer period 

(right plot), show obvious overnight lows and in winter (left) double daily peaks 

characteristic of heating-dominated systems. 

Because all three Maritime provinces are in the same Atlantic time zone, Figure 19 shows that there is 

generally no timeshift in load between them. Specific weather events such as weather fronts may produce 

transient exceptions to this rule, as they generally also progress from west to east, but anthropocentric 

scheduled events such as the start and end of the workday predominate as drivers of load. Note, however, 

that winter heating season (left plot) exhibits two peaks each day, separated by roughly 10 hours, and a 

midday trough in addition to the overnight trough, also separated by roughly 10 hours. 

5.4 Inter-Jurisdictional Transmission  

Neither the wind resource, the ability to convert it to electricity, nor the significance of the analysis ends 

at the provincial or international borders throughout the Maritimes. With appropriate policy, it should be 

possible for electrical system operators to encourage or undertake the construction of new wind capacity 

outside their own jurisdictions that net benefits multiple parties with respect to the above metrics. This 

may be particularly relevant to NS and PE, which rely on NB for cost optimized dispatch. One of the 

limitations on this mechanism is the ability to transport electricity generated in one location to another 

due to electrical transmission equipment. Using inter-jurisdictional transmission data it is possible to 

evaluate the wind resource at times when such transmission capacity is near its limit. 

5.4.1 Transmission and Load Correlations 

Table 3 shows the correlations between cross-border and intra-provincial power flows, along with 

provincial and regional loads. Border crossing points are shown in the transmission map in Figure 5. It 

should be noted that the inclusion of Muskrat Falls hydro-electricity brought to eastern NS through the 

Maritime Link will materially affect these results, as it will add power flows westward through Canso, 

northwest across the NS – NB border, and likely southwest across the NB – ME border into ISONE. This 

additional westward flow may be partially or fully offset by the retirement of a coal generation station in 

Lingan, NS. 



 

Page 30 of 70 

Table 3 Correlations between measured power flows, and regional loads. Canso and Onslow refer 

to transmission bottlenecks within NS. 

  
NB to 
QC 

NB to 
N.ME 

NB to 
ISONE 

NB to 
NS 

NB to 
PE Canso 

Onslow 
South 

MT 
Load 

NB 
Load 

NS 
Load 

PE 
Load 

NB to QC ~ -0.13 -0.12 0.00 -0.27 -0.46 -0.50 -0.64 -0.61 -0.59 -0.57 

NB to N.ME -0.13 ~ -0.32 0.21 0.39 0.22 0.17 0.14 0.10 0.22 0.25 

NB to ISONE -0.12 -0.32 ~ -0.08 -0.23 -0.06 -0.02 -0.05 -0.04 -0.05 -0.04 

NB to NS 0.00 0.21 -0.08 ~ 0.25 -0.13 0.05 -0.03 -0.04 0.05 0.10 

NB to PE -0.27 0.39 -0.23 0.25 ~ 0.45 0.35 0.27 0.22 0.32 0.39 

Canso -0.46 0.22 -0.06 -0.13 0.45 ~ 0.86 0.73 0.71 0.73 0.59 

Onslow South -0.50 0.17 -0.02 0.05 0.35 0.86 ~ 0.83 0.80 0.83 0.68 

Maritime Load -0.64 0.14 -0.05 -0.03 0.27 0.73 0.83 ~ 0.99 0.97 0.84 

NB Load -0.61 0.10 -0.04 -0.04 0.22 0.71 0.80 0.99 ~ 0.93 0.80 

NS Load -0.59 0.22 -0.05 0.05 0.32 0.73 0.83 0.97 0.93 ~ 0.83 

PE Load -0.57 0.25 -0.04 0.10 0.39 0.59 0.68 0.84 0.80 0.83 ~ 

 

Toward the bottom right of Table 3, very high correlations (green colors) are seen between the provincial 

and regional loads, and between those loads and the flows at Canso and at Onslow within NS. Among the 

transmission points that cross the NB border (red values in upper left 5 x 5), the highest (positive or 

negative), the correlation values are very low, peaking at 0.39 between power delivery westward out of 

NB to Northern Maine and eastward out of NB to PE. This tendency to low absolute values suggests that 

imports / exports decisions are not principally driven by load variations in the Maritimes, but by those of 

neighboring jurisdictions.  

Another interesting result is the negative correlation between power exports to Northern Maine and 

power exports to ISONE (in practice, southern Maine). This reflects the fact that power flows between 

ISONE and Northern Maine make use of NB’s transmission system, which is explained by [16], and [17] 

states:  

“Northern and Eastern Maine (…) are part of the New Brunswick System Operator 

(NBSO) “Balancing Area”. Northern and Eastern Maine are not directly connected to 

the rest of the United States portion of the Eastern Interconnection (EI), but are 

connected to the EI indirectly through New Brunswick.”  

A further observation is that power flow from NB to QC (first column) has weak negative correlation to 

flows at all other NB border crossings, and reasonably strong negative correlation to loads. In other words, 

imports into NB from QC are likely driven by provincial or regional loads, while those at other border 

crossings are not. Similarly, energy is preferentially transferred to other jurisdictions from QC through NB. 

5.4.2 Wind to address Maritime Net Import / Net Export 

A central consideration related to transmission is an evaluation of the regional resource during periods of 

peak import and exports. When imports are high, the addition of wind within the Maritimes might be 

beneficial, because imports could be displaced. Conversely, when exports are high, additional WFs in areas 
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that have relatively low capacity during those time would be preferable as they would minimize the strain 

on those transmission assets.  

It should be noted that the reasons for interjurisdictional power flows are principally economic. Where 

electricity is observed to flow from one jurisdiction to another, it is implicitly because the transaction price 

is higher than the marginal savings of (turning down) production for the seller, and lower than the 

marginal cost of (increasing) production for the buyer. Wind power, once built, has a near zero marginal 

cost of production, however the details of how additional WF capacity would figure into this bilateral 

economic decision is beyond the scope of this report, so interpretation of these results must be left to the 

stakeholders to evaluate on a case-specific basis. 

A history (bottom) and distribution (top) of net imports into the Maritimes (positive values) and exports 

out of the Maritimes (negative values) are shown in Figure 20. Figure 20 also indicates the highest 5% of 

the overall distribution (above ~830 MW of imports) plotted in red, and the lowest 5% of observations 

(more than ~270 MW of exports) plotted in yellow. Note that these data do not include power transferred 

through Maritime Link between NS and NL. 

 

Figure 20 Historical distribution (top) and timeseries (bottom) of Maritime net power imports 

(positive values) and exports (negative values). 

The bottom plot in Figure 20 shows eight years of electrical net imports and exports. A few characteristics 

of this time-series are notable. 1) There is considerable inter-annual variability in this metric. In some 

years far more imports take place than in others. This is particularly true of 2012, when imports were 

noticeably higher than in subsequent years. Despite this, there is little to no progressive inter-annual 

trend. 2) There is a weak seasonal trend, with imports peaking in the coldest winter months and falling 

off and exports becoming more frequent in the summer. This mirrors and is probably a result of seasonal 

load variations (Figure 16). 3) The distribution is asymmetrical, with imports significantly outweighing 

exports. This presumably relates principally to imports from QC, where inexpensive hydroelectricity is 

available year-round. 

Examining the times of highest net power imports into the Maritimes, when import power exceeds about 

830 MW, the geospatial distribution of the wind resources is indicated in Figure 21. The wind resource is 
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described by the mean normalized power production, which must be compared to the global average 

value of 37% (0.37). To maximize the tendency to displace imported power higher values within the 

Maritimes (warmer colors) are better. 

 

Figure 21 Distribution of average WF capacity factor during periods of peak Maritime energy imports. 

Higher values are better. 

As can be seen in Figure 21, during the periods of peak energy imports the mean wind resource 

throughout most of the Maritimes is low, largely between cf = 0.27 and 0.33, with values below cf = 0.23 

seen in the Cobequid Mountains of NS and northern PE (the average wind cf is 37%). This is not surprising 

given the abundance of wind generation in the region; wind production may drive import/export 

decisions. Some areas buck this trend, though. Particularly the mouth of the Bay of Fundy and offshore 

areas like Sable Island deliver higher than average capacity factor during these high import times. 

This can be contrasted with the mean normalized wind capacity during the time of peak Maritime power 

export, shown in Figure 22. Consistent with Figure 20, ‘peak exports’ are defined as the lowest 5% of 

observations, representing a net total export power of ~270 MW. To minimize strain on transmission 

infrastructure for export, lower values (warmer colors) are better. 
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Figure 22 Mean wind capacity during times of peak net Maritime export. Low values are better. 

During periods of peak net electricity export, the wind resource in the Maritimes in general is producing 

at above average capacity. Large stretches of mainland NB, NS, and PE are producing at cf > 0.4 (medium 

blue), compared to an average 0.37. This finding is again consistent with the premise that large 

penetrations of wind drive power exports during high wind times. The best areas for development with 

respect to export constraints are found around Grand Manan Island, in western NB and in northern PE. 

Analysis of regional wind cf values with respect to the loading and available capacity on selected 

transmission line (as determined by intertie or substation power) is presented in the province-specific 

Appendices. 

5.5 Offshore Bathymetry 

Due to the frequently attractive results found offshore, the suitability of offshore locations to wind turbine 

installation is of interest. Conventional offshore wind turbine foundations are suitable to water depths up 

to 50 m [18], and farms have been built at distances up to 90 km [19] offshore, though sites as much as 

250 km from shore have made it to planning stages [20]. In Figure 23 the coastline (black line) is 

surrounded by isobaths (lines of constant mean water depth) at 10 m increments out to -50 m. This 

indicates areas where conventional offshore WFs could be located if interconnection to the grid is deemed 

feasible.  
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Figure 23 Coastal Bathymetry of the Maritimes.20 Beyond 50 m water depth (darkest blue line), 

conventional offshore wind foundation technology is considered un-economic. 

Some areas are clearly unsuitable for offshore WF development due to very steep nearshore bathymetry. 

These areas include most of the Bay of Fundy, much of the NS Atlantic coast, northern Cape Breton, and 

around the Gaspé Peninsula. In other locations, such as in the Northumberland Straight, the Gulf of St. 

Lawrence offshore PE, the area around Sable Island, and in southwest NS, Figure 23 shows shallow water 

extends for many kilometers. Of particular interest, given previous results, is the shelf to the south of 

Grand Manan Island. 

It should be noted that this discussion does not address offshore areas that need to be excluded from 

potential wind development but is a purely geographic resource analysis. Technical considerations such 

as seafloor geology unsuitable to large structures may preclude development in some areas. Others will 

be excluded due to competing uses such as shipping lanes, military testing grounds, or recreation areas. 

Still others may have intrinsic and/or ecological value to First Nations or to fishers. This is simply a 

technical resource and feasibility analysis. 

5.6 Maritime Regional Discussion and Conclusions 

The principal observations of the Maritime regional analysis are reviewed.  

 

20 http://www.gebco.net/ 

http://www.gebco.net/data_and_products/gridded_bathymetry_data/
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5.6.1 Analytical Results 

Five of the preceding metrics are displayed in Figure 24 as a geo-spatial Venn diagram. Threshold values 

in Figure 24 have been selected only to result in similar coverage fractions of the map. 

 

Figure 24 Geo-spatial Venn Diagram indicating areas of water depth less than 50 m (dark blue), 

relatively low Correlation to existing wind (red), relatively high Correlation to net Maritime 

Load (light blue), relatively high Timeshift relative to existing Maritime wind (yellow), and 

relatively high capacity value of wind (light green). 

Figure 24 reiterates many of the results in the previous subsections:  

• Correlation to existing wind can be reduced below 0.45 (red colors in Figure 24) by focusing 

development on the periphery of the region. Southeastern NB, southern PE, and central/mainland 

NS are to be avoided if low correlations to existing wind capacity is a priority.  

• Correlation to load and net load is maximized by exploiting offshore wind resources. Correlations 

to net load are above 0.02 (light blue colors, Figure 24) in the mouth of the Bay of Fundy and in 

CB.  

• The capacity value of wind on land is very low. It improves to a small degree offshore, with values 

above 5% (green colors, Figure 24) over the mouth of the Bay of Fundy and along the NS Atlantic 

coast. *This finding is sensitive to modelling assumptions. 

• Timeshifts (and thus ramp smoothing) can be maximized in the extreme west, southwest and 

eastern portions of the Maritimes. Absolute values above 3 hours (yellow colors, Figure 24) are 

found in the mouth of the Bay of Fundy and in CB. 
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• Finally, net imports and exports can be best addressed (or least exacerbated) by avoiding new 

capacity on mainland NS, PE, and southeastern NB. The mouth of the Bay of Fundy serves both 

import and export aspects of this consideration well. (Not shown in Figure 24) 

5.6.2 Onshore Sites of Note 

Several onshore locations have been identified that optimize multiple grid integration metrics. These are 

addressed here, though further discussion is also included in the Appendices. 

Northwestern NB has a low correlation to existing wind generation, and a high 3 hour (leading) timeshift. 

It also has relatively high capacity during peak import periods and relatively low capacity during peak 

export periods. Transmission access is moderate to good, with high voltage lines (used almost exclusively 

for import, refer to Appendix A) running in from QC roughly along the Trans Canada highway. There are 

some mountain plateaus north of Edmundston and areas in the ‘panhandle’ to the west of Edmundston 

that have marginally economic wind speeds. New transmission would have to be built from the 

Edmundston substation extending roughly 50 km to access either region. These favorable characteristics 

extend to, and are often superior, in northern ME, which while independently operated, for electrical 

system management purposes may be considered a branch of the NB system. 

Cape Breton in eastern NS has moderate correlation relative to existing wind resources as well as a high -

3 - -4 hour (lagging) timeshift. Most of Cape Breton also has relatively high wind capacity during times of 

net Maritimes imports. Most of the island has very high average wind speeds. Transmission access is good, 

though congestion through Canso must be considered (refer to Appendix B). 

Digby Neck and far western NS have relatively high correlation to regional load and net load, very high 

capacity value among onshore site, and beneficial >2 hour (leading) timeshift relative to existing 

resources. That area’s wind cf is particularly high during times of peak MT imports and would generally 

benefit NS’s predominantly west-bound transmission congestion. Wind speeds along the coast are world 

class for onshore sites. New transmission would have to be built from the Tusket substation (accessing 

twinned 138 kV lines) roughly 60 km, including subsea cabling to reach Digby Neck itself. 

5.6.3 Offshore Sites of Note 

The mouth of the Bay of Fundy (Southwestern NB, Grand Manan Island, and northwestern NS) has 

relatively high correlation to regional load and net load, good capacity value, and high ~3 hour (leading) 

timeshift relative to existing resources. That area’s wind resource also compliments net transmission 

usage, with relatively high cf during peak import times, and relatively low cf during peak export time. Wind 

speeds are world class. Grand Manan Island and SW NB have moderate to good access to transmission, 

with multiple high voltage lines (primarily carrying westbound export power flows, refer to Appendix C) 

running along the southern coast of NB connecting it to ME. 

The far offshore area surrounding Sable Island has relatively good correlation to regional load and net 

load, and better capacity values than any onshore sites. The area has a high ~-4 hour (lagging) timeshift, 

and advantageous correspondence with regional net import and export limitations. There is a world class 

wind resource. Access to transmission is poor, as ~200 km of subsea cabling would be required to access 

Canso, or ~300 km to access Halifax, though the latter connection would decongest much of the NS 

transmission system (refer to Appendix B). 
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6 Conclusions 

Sophisticated and informative open-access wind resource maps have been available to developers and 

grid managers for a decade or more. These include the Canada Wind Atlas [8] and the Nova Scotia Wind 

Atlas [9], among others. Such tools have been invaluable to early wind development by revealing the 

broad abundance of economic wind resources in the area and identifying locations of high energy 

production.  

In contrast, this research project is an effort to answer the question of what is the next step beyond the 

‘raw’ energy resource. The interaction of wind power production and the grid is complex and grows more 

so as additional wind resources are added. It must now be recognized that the lowest cost of energy at a 

WF is not necessarily the best value to the grid. Rather, the character of the variability of wind resources 

impact system-wide costs and are subject to infrastructural limitations, so should be considered in wind 

siting decisions. 

To develop metrics for future wind development in the Maritime provinces, wind resource and electrical 

system information was gathered from numerous sources. Wind resource variability characteristics at 

each of over 200 locations in and around the Maritimes were compared to those of aggregated existing 

parameters, including provincial loads, wind generation, and transmission congestion points to find 

locations where new capacity would benefit (or minimally exacerbate) existing grid management issues. 

These various metrics will be given different weightings by various stakeholders, but have been combined 

into a multi-variable, geo-spatial Venn diagram based on weightings that indicate areas where multiple 

metrics score well.  

The strengths of this study are the use of a large quantity of data, dating to the start of 2012, to provide 

a robust framework from which to draw conclusions. Such analysis is aided by the relatively low rate of 

load growth in the Maritimes, meaning that seasonal and interannual variability is large relative to 

linearized decadal changes. This analysis also benefits from considering a wide range of data sources, 

speaking to related but independent considerations for grid stakeholders. Though more comprehensive 

analyses are always possible, the use of eight years of real measured data provides reliable information 

for use in long term investment. 

Weakness to this study should also be considered. Due to the use of numerous metrics, it is not possible 

to come up with unequivocal siting recommendations. The wind resource in a given location may, for 

instance, match well with existing regional loads, but may simultaneously exacerbate transmission 

congestion in the area. Nor was comprehensive transmission data available; This study made use of 

provincial intertie loading and two intra-provincial congestion points in NS (see Appendix B), but those 

points in no way completely describe the utilization and limitations imposed by the transmission system. 

Future research on this topic could include a closer examination of whether wind developments is 

warranted at a selection of locations such as those discussed in section 5.6. Of note is the fact that while 

renewable resource management tends to benefit from large physical scales, the political or economic 

reality may impede multi-jurisdictional collaboration. It may therefore be prudent to examine some of 

these same wind integration metrics from the point of view of each province, and thus the jurisdiction of 

each provincial department of energy and/or provincial utility, separately. These provincial analyses are 

presented in the appendices. 
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Also of interest for future research is the incorporation of grid-tied energy storage (e.g. batteries) in a 

regional scale renewable resource model. Grid scale energy storage is not a “future technology”, it is here 

now, already being incorporated economically and profitably into electric grids the world over where 

short-duration mismatches between supply and demand drive large price fluctuations. The price of 

storage is continuously dropping as supply chains develop and technology improves, and the benefits are 

likewise increasing as research develops new, optimized, multi-service control strategies. One aspect of 

the energy storage value-add calculation that is still less well understood is the impact of locational on 

benefit. Questions remain for the Maritime provinces about how much and where to put energy storage 

to achieve best outcomes, and about how storage and renewable energy development can be planned in 

parallel to produce the best results. Investigating potential storage deployment in concert with 

transmission utilization and renewable energy resource would inform the next century of Maritime 

capacity adequacy, carbon mitigation, and resource planning. 
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Appendix A  New Brunswick Provincial Results 

New Brunswick is the largest province, electrically speaking (refer to Figure 3), with peak loads near 3000 

MW, almost 50% higher than those of more populous NS. It also forms the lynchpin of the electrical system 

in the Maritimes by virtue of its geographic location. Three jurisdictions; NS, PE, and northern ME, connect 

primarily or only to NB21, while NB has interconnections to five distinct system operators: those in QC, 

northern ME, ISO-NE (in southern ME), NS, and PE. With respect to wind development, NB is 

proportionally less invested in wind than either NS or PE, having 294 MW of installed capacity or roughly 

10% of peak loads. 

A.1 Correlation to Existing NB Wind Resources 

The correlation between the wind resource across the region and existing wind generation in NB is 

indicated in Figure 25. Lower values (warmer colors) are better.  

 

Figure 25 Correlation between existing wind production within NB and the wind resource across the 

Maritimes. Lower values are better. 

Unsurprisingly, given the distribution of installed capacity in NB, correlations in the northeastern part of 

the province seen in Figure 25 are relatively high at r = 0.65 and above. Correlations decrease down to 

 

21 NS became connected to Newfoundland via the Maritime Link in late 2017. 
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values of r = 0.4 in the southwestern corner of the province. Even lower correlations, down to r = ~0.3 are 

observed in central and far southwestern NS, and at great distance offshore such as Sable Island. 

A.2 Correlation to NB Load 

The correlation of wind resources to NB load is presented in Figure 26. Higher values (warmer colors) are 

better. 

 

Figure 26 Correlation between NB provincial load and the wind resource across the Maritimes. 

Higher values are better. 

Small positive correlations with NB provincial load can be seen in Figure 26. The best correlation values, 

as high as 0.35, are observed at the mouth of the Bay of Fundy. On-land areas and the Gulf of St. Lawrence 

exhibit lower correlations up to about r = 0.2. Note that even 0.4 would generally be considered a poor 

correlation. 

A.3 Correlation to NB Net Load 

With relatively little installed wind capacity compared to its loads, the changes between the net load 

analyses and the gross load analysis are expected to be low. The correlation of wind resources to net load 

in NB is presented in Figure 27. Higher values (warmer colors) are better. 
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Figure 27 Correlation between NB provincial NET load and the wind resource across the Maritimes. 

Higher values are better. 

As can be seen in Figure 27, most of NB has near-zero correlations between wind and net load (r < 0.1). 

As expected, this represents a modest reduction from the correlation to gross load shown in Figure 26. 

The southwestern corner of the province, including Grand Manan Island in the mouth of the Bay of Fundy 

has the highest correlations in the Maritimes (along with Sable Island NS) with values above about 0.25. 

A.4 Resource during high net Import and Export Times 

A histogram of observed 10-minute net electricity imports into NB (negative values indicate exports) is 

shown in Figure 28, with the highest 5% of observations (more than ~670 MW of imports) plotted in red 

and the lowest 5% of observations (more than ~420 MW of exports) plotted in yellow. 



 

Page 44 of 70 

 

Figure 28 Historical distribution of net Imports to (- net Exports from) NB (top) and timeseries 

(bottom), indicating highest and lowest 5% of observations 

From the point of view of NB’s electric system managers, there would be benefit in adding wind capacity 

within NB that produces during periods of maximum imports, thus higher capacity factor values within NB 

are desirable. A map of the mean wind power production during the time of peak imports in shown in 

Figure 29. Higher values (warmer colors) are better. 

 

Figure 29 Mean normalized wind power during peak import times in NB. Higher values are better. 
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Interpretation of Figure 29 is complicated by what may be isolated ‘wells’; areas of anomalously low 

correlation in southwestern NS and in northern PE. Aside from these two areas, most of the land area in 

the Maritimes exhibits wind capacity of between 0.34 – 0.36. The area around Grand Manan Island 

exhibits the best capacity factor in NB, and thus would thus tend to reduce imports. 

The corresponding map of wind capacity during times of NB’s peak power exports is shown in Figure 30. 

From the point of view of NB’s grid managers, choosing regions within NB with low capacity during high 

export times would be desirable, so lower values (warmer colors) are better. 

 

Figure 30 Mean normalized wind power during peak export times in NB. Lower values are better. 

Southwester NB again has a good (low) mean wind capacity factor (cf < 0.3) during times when NB is 

exporting a lot of power, as does northern PE, and to a lesser extent eastern NS and Cape Breton. Once 

again, the area off Grand Mannan Island in the mouth of the Bay of Fundy has very desirable 

characteristics during times when NB is exporting a lot. 

A.5 Resource during high net Import from QC 

The positive results found in the far NW corner of NB north and east of Edmundston make relevant an 

analysis of the utilization of the transmission infrastructure running through that area from NB to QC. A 

histogram of observed 10-minute net electricity imports into NB from QC is shown in Figure 31. The 

highest 5% of observations (more than ~970 MW of imports) are highlighted in red and the lowest 5% of 

observations (less than ~180 MW of imports) are highlighted in yellow. 
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Figure 31 Historical distribution (top) and timeseries (bottom) of net imports from QC, indicating 

highest and lowest 5% of observations. 

Figure 31 indicates that exports to QC are vanishingly rare. At time of high imports (red colors), above 

about 975 MW, wind generation connected to transmission in north-western NB would displace imports 

but would not substantially decrease the utilization of that transmission line anywhere south or east of 

the interconnection point, nor consequently decrease reliance of generation within NB. Wind generation 

during high-import times is shown in Figure 32. Higher values (warmer colors) are better. 
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Figure 32 Mean normalized wind power during peak import times from QC to NB.  

Figure 32 shows that the extreme NW corner of NB has better than average wind resources (cf > 0.4) when 

NB is importing heavily from QC. This implies that wind capacity built there would tend to displace QC 

imports, since the lines are already heavily loaded and could not carry substantially more power. 

The mean wind resource when NB is not importing from QC (imports less than 150 MW) are shown in 

Figure 33. 
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Figure 33 Mean normalized wind power during minimum import times from QC to NB. 

Figure 33 indicates that wind resources in the far NW of NB are slightly below average when NB is not 

importing from QC. Transmission infrastructure is lightly used, so any power produced could either flow 

west and displace more imports or flow southeast and displace dispatchable generation in NB or other 

imports. 

A.6 Resource during high net Imports from ISO-NE 

The encouraging results of the far southwestern corner of NB, Grand Manan Island, and the mouth of the 

Bay of Fundy prompts an investigation into possible transmission constraints on the HVAC lines along NB’s 

coast. These power lines connect two large generation stations, Point Lepreau (nuclear) and Coleson Cove 

(coal) to transmission lines which connect to ISO-NE. Refer to transmission system map in Figure 5. A 

histogram of observed 10-minute net electricity imports to NB from ISO-NE (which includes two 345 kV 

lines and a 138 kV line) is shown in Figure 28. The negative values which predominate in Figure 34 indicate 

energy exports to ISO-NE. The highest 5% of observations (more than ~60 MW of imports) are highlighted 

in red while the lowest 5% (more than ~800 MW of exports to ISO-NE) are highlighted in yellow. 
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Figure 34 Historical distribution (top) and timeseries (bottom) of net imports from ISO-NE, indicating 

highest and lowest 5% of observations 

It may be relevant that imports from ISO-NE seem to have decreased from the first half of the timeseries 

in Figure 34 (bottom plot) to the second half. Adding wind power in SW NB could substitute for 

dispatchable generation within NB when exports are high. During these times, significant additional 

exports along that line are not possible. Mean wind capacity when exports to ISO-NE are high are shown 

in Figure 35.  
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Figure 35 Mean normalized wind power during peak export times from NB to ISO-NE.  

From Figure 35 it is apparent that NB exports to ISO-NE when there are abundant wind resources (cf > 

0.53, mean cf = 0.37) in the mouth of the Bay of Fundy. This implies that capacity built there would 

frequently supply NB rather than being exported across the border, since that export capacity is near it’s 

limits at those times. 

Also of interest are the conditions when NB is importing heavily (> 100 MW) from ISO-NE, though the 

levels of such imports presumably do not tax the transmission infrastructure in SW NB, they do indicate 

the NB needs power. Mean wind power during high import times is shown in Figure 36. 
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Figure 36 Mean normalized wind power during peak import times from ISO-NE to NB.  

Figure 36 indicates that wind resources in southwest NB are roughly average (cf = 0.37) when NB is 

importing the most from ISO-NE. Due to the relatively low utilization of import capacity, this observation 

implies that no restriction exists, and such power could be fed to NB and the rest of the Maritimes, where 

wind resources are low during these times. I.e., capacity in SW NB and the mouth of the Bay of Fundy 

would displace NB’s dispatchable generation when NB is exporting, and displace imports when NB is 

buying from ISO-NE. 

A.7 Venn Diagram of Selected NB Results 

As for the Maritimes, selected results for NB can be complied into a Venn Diagram like that seen for the 

Maritimes in Figure 24. In Figure 37 the areas with water depth less than 50 m are shown in dark blue; 

Areas where the wind correlates to existing NB wind at r values less than 0.48 are shown in red; Areas 

with wind that correlates to NB net load with r values greater than 0.08 are shown in light blue; Areas 

where the wind is timeshifted relative to existing NB wind by greater than 1 hour are shown in yellow; 

And areas with a calculated capacity value (defined as 85% reliable wind during 10% worst NB load hours) 

of greater than 2% are shown in green. Note that the threshold values are selected somewhat arbitrarily 

to make the fractions visible on the map similar.  
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Figure 37 Venn Diagram indication areas around NB with water depth less than 50m (dark blue), wind 

with a correlation to existing NB wind of less than 0.48 (red), wind with a correlation to NB 

net load of greater than 0.08 (light blue), an absolute timeshift relative to existing NB wind 

of greater than 1 hour (yellow), and a capacity value (85% reliable wind during 10% worst 

NB load hours) of greater than 2% (green). 

Note in Figure 37 that the timeshift relative to NB wind results differ from the regional results. This may 

relate the low relative installed capacity of wind in NB, or to the fact that NB wind (unlike that in NS or PE) 

is synthesized from wind speed measurements at several meteorological sites rather than being a directly 

measured value. 
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Appendix B Nova Scotia Provincial Results 

Nova Scotia has twice as high a ratio of installed wind capacity to loads as does NB. With 567 MW of 

installed wind capacity and peak loads of just over 2000 MW, NS falls between NB and PE in terms of wind 

power fraction. 

B.1 Correlation to Existing NS Wind Resources 

The correlation between the wind resource and existing wind generation in NS is shown in Figure 38. 

Lower values (warmer colors) are better. 

 

Figure 38 Correlation between existing wind production within NS and the wind resource across the 

Maritimes. Lower values are better. 

Unsurprisingly, given the distribution of installed capacity in NS, the correlation in the central and 

northern part of the province is relatively high at 0.6 and above. The lowest correlation within NS is found 

in northern Cape Breton. Outside NS, very low correlations below 0.3 are found in northern and 

particularly northwestern NB where c = 0.2 is observed. 

B.2 Correlation to NS Load 

The correlation of wind resources to load in NS is presented in Figure 39. Higher values (warmer colors) 

are better, as they indicate that wind tends to blow when electric power is needed. 
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Figure 39 Correlation between NS provincial load and the wind resource across the Maritimes. Higher 

values are better. 

Universally small positive correlations between NS provincial load and the regional wind resource can be 

seen in Figure 39. On land in NS, only Digby Neck in the province’s far northwest exceed a correlation of 

0.25. These values and higher can also be found offshore, in the mouth of the Bay of and around Sable 

Island. 

B.3 Correlation to NS Net Load 

NS has significantly more installed wind capacity relative to its loads than NB, so the changes between the 

net load analyses and the gross load analysis are expected to be more noticeable than those in NB. The 

correlation of wind resources to net load in NS is presented in Figure 40. As before, higher values (warmer 

colors) are better.  
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Figure 40 Correlation between NS provincial NET load and the wind resource across the Maritimes. 

Higher values are better. 

As can be seen in Figure 40, the wind resource in almost every part of the Maritimes has a negative 

correlation to net NS load, indicating that on average, when the net load is high in NS, the wind resource 

is weaker than when the net load in NS is low. This is presumably due to the large relative quantity of 

installed wind capacity in NS, which forces the times of highest net load to be when there is little wind in 

NS. Areas of positive (though insignificantly so) correlation to net load can be seen in the far northwestern 

corner of NB and surrounding Grand Manan Island in the mouth of the Bay of Fundy.  

B.4 Resource during high Import and Export Times 

A histogram of observed 10-minute net electricity imports into NS (negative values are exports) is shown 

in Figure 41, with the highest 5% of observations (more than ~170 MW of imports from NB) highlighted 

in red and the lowest 5% of observations (more than ~20 MW of exports to NB) in yellow. Note that the 

selected y-axis limits in Figure 41 crop a very high relative frequencies of specific values such as (in order 

of decreasing frequency) 0, 100, 75, 50 MW of imports. This probably reflects fixed supply agreements 

with NB, before a joint optimized dispatch agreement came into effect in March 201522, or transmission 

being temporarily derated due to line work, and the remaining capacity then frequently being maximized.  

 

 

22 https://www.nbpower.com/en/about-us/news-media-centre/news/2016/nb-power-and-ns-power-continue-
joint-efforts-to-find-efficiencies-and-lower-costs/ 

https://www.nbpower.com/en/about-us/news-media-centre/news/2016/nb-power-and-ns-power-continue-joint-efforts-to-find-efficiencies-and-lower-costs/
https://www.nbpower.com/en/about-us/news-media-centre/news/2016/nb-power-and-ns-power-continue-joint-efforts-to-find-efficiencies-and-lower-costs/
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Figure 41 Historical distribution (top) and timeseries (bottom) of net Imports to NS, indicating highest 

and lowest 5% of observations 

The timeseries plot in Figure 41 (bottom) shows little seasonal trend but suggests a progressive increase 

in imports and import variability over the years. This trend is likely to be reversed by the impacts of the 

Maritime Link, which should make NS a net exporter to NB. 

From the point of view of NS’s electric system managers, there would be benefit in adding wind capacity 

within the province that produces well during periods of maximum imports, thus higher capacity values 

within NS are desirable. A map of the mean wind power production during the times of peak imports are 

shown in Figure 42. Higher values (warmer colors) within NS are better. 
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Figure 42 Mean normalized wind power during peak import times in NS. Higher values within NS are 

better. 

As with Figure 29, in Figure 42 they eye is drawn to a correlation ‘well’ in northern PE. Focusing on other 

regions of the Maritimes, the best areas within NS for wind during times of high net import are in eastern 

Cape Breton and around the Minas Basin and the easternmost extents of the Bay of Fundy, which exhibit 

mean capacities of cf > 0.32 during those times.  

The corresponding map of wind capacity during times of NS’s peak power exports is shown in Figure 43. 

Lower values (warmer colors) within NS are better. 
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Figure 43 Mean normalized wind power during peak export times in NS. Lower values are better. 

Lower values within NS are better. 

Here again, wind resources in Cape Breton and surrounding the Minas Basin are better matched to NS’s 

needs than elsewhere in NS, though with mean relative production of (at best) 0.45 – 0.5, those areas are 

still producing well above their long term average of cf = 0.37.  

B.5 Internal Transmission Constraints 

Nova Scotia has a predominantly east to west electricity flow, the legacy of coal mines and coal generation 

built in Cape Breton. Consequently, there are transmission congestion points in NS. One is at the export 

connection from Cape Breton Island (Canso causeway), and a second at Onslow substation just north of 

Truro, NS, which supplies electricity to Halifax and southwestern NS. 

The Cape Breton Export histogram and timeseries are shown in Figure 44. The highest 5% of export power 

observations, above about 660 MW, are highlighted in red, while the lowest 5% of observations (exports 

below ~65 MW) are shown in yellow, though are not evaluated separately as there is clearly no eastbound 

congestion. 
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Figure 44 Historical distribution (top) and time-series (bottom) of electricity leaving Cape Breton 

across Canso23 

When Cape Breton exports to mainland NS are high, it would be advantageous to have more wind 

production in mainland NS, while additional wind capacity on CB Island could face frequent curtailment. 

Mean capacity factor during the times of highest CB export across the Canso causeway are shown in Figure 

45. Lower values (warmer colors) within CB, and higher values (darker colors) in mainland NS are 

preferred. 

 

23 https://www.nspower.ca/oasis/monthly-reports/hourly-total-net-flows-cape-breton-export 

https://www.nspower.ca/oasis/monthly-reports/hourly-total-net-flows-cape-breton-export
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Figure 45 Mean normalized wind power during peak Cape Breton export times in NS. Higher values 

on mainland NS, and lower values on CB are better. 

The best locations on mainland NS are on Digby Neck in far western NS, as well as offshore southwest of 

NS. These areas experience above average capacity factors (cf > 0.37, blue colors) during Cape Breton’s 

peak export hours. 

The power flow timeseries and distribution for the other congestion point at Onslow in central NS is shown 

in Figure 46. Onslow southbound flow and CB export are highly correlated with r = 0.86 (Table 3). Peak 

southbound exports, above ~730 MW, are highlighted in red. The lowest 5% of observations (less than 

~170 MW of southbound transmission) are not evaluated separately, as there is clearly abundant excess 

capacity at such times. 
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Figure 46 Historical distribution (top) and time-series (bottom) of electricity leaving Onslow 

substation to supply net load in Halifax and SW NS24 

Very similar to Figure 44, the timeseries (bottom plot) in Figure 46 shows a strong seasonal trend, with 

peaks in the colder winter months of Dec through Mar. Mean wind capacity during the highest 

southbound flow hours are displayed in Figure 47. Lower values in eastern NS and higher values in 

western NS (warmer colors) are better. 

 

24 https://www.nspower.ca/oasis/monthly-reports/hourly-net-energy-flows-onslow-south 

https://www.nspower.ca/oasis/monthly-reports/hourly-net-energy-flows-onslow-south
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Figure 47 Mean normalized wind power during peak Onslow southbound power times. Lower values 

in eastern NS and higher values in western NS are better 

Resources that could connect to the grid at points SW of Onslow, NS would reduce peak southward flow 

through Onslow substation. These could include offshore wind near Sable Island (provided the power is 

landed west of Onslow), which exhibits high mean capacity factors (cf > 0.5) when Onslow is exporting a 

lot of power southbound. Similarly, high values (cf > 0.43) are seen at the mouth of the Bay of Fundy. The 

lowest values east of Onslow are found in the Cobequid Mountains in central NS, where much of the 

province’s existing wind capacity is located. 

B.6 Venn Diagram of Selected NS Results 

As for the Maritimes, selected results for NS can be complied into a Venn Diagram like that seen for the 

Maritimes. This is presented in Figure 48. Areas with water depth less than 50 m are shown in dark blue; 

Areas where the wind correlates poorly to existing NS wind (at r < 0.5) are shown in red. Areas with wind 

that correlates to NS net load with r values greater than -0.1 are shown in light blue. Areas where the wind 

is timeshifted relative to existing NS wind by greater than 2.5 hour are shown in yellow. Finally, areas with 

a calculated capacity value (defined as 85% reliable wind during 10% worst NS load hours) of greater than 

4% are shown in green. Note that the threshold values are selected somewhat arbitrarily to make the 

fractions visible on the map similar.  
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Figure 48 Venn Diagram indication areas around NS with water depth less than 50m (dark blue), wind 

with a correlation to existing NS wind of less than 0.5 (red), wind with a correlation to NS 

net load of greater than -0.1 (light blue), an absolute timeshift relative to existing NS wind 

of greater than 2.5 hour (yellow), and a capacity value (85% reliable wind during 10% worst 

NS load hours) of greater than 4% (green). 

A review of Figure 48 suggests that Cape Breton would be a preferred area for further buildout of wind 

capacity. This conclusion does not take into account the transmission structure and characteristic loading 

in NS, which is an east to west flow of power. This pattern will likely be exacerbated by the pending start 

of power flow from Muskrat Falls, though coal generation retirement within Cape Breton may free up 

similar amounts of west-bound transmission capacity. On balance, locations west of Canso, and 

particularly southwest of Onslow should be strongly preferred. This makes the far west of NS and Digby 

Neck the most attractive locations, though generation planning there must take the relatively weak 

transmission system (Figure 5) into account. 
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Appendix C Prince Edward Island Provincial Results 

With about 204 MW of installed wind power and peak winter loads of roughly 250 MW, PE is by far the 

most heavily wind-dominated power system in Canada, and among the highest in the world.  

C.1 Correlation to Existing PE Wind Resources 

The correlation of regional wind resource with existing wind generation in PE is shown in Figure 49. Lower 

values (warmer colors) are better.  

 

Figure 49 Correlation between existing wind production within PE and the wind resource across the 

Maritimes. Lower values are better. 

Figure 49 shows that the highest correlations, meaning the areas that are the least beneficial for PE, are 

found in northern and central PE. No on-land areas of the province have correlation of less than r = 0.6. 

The lowest correlations to existing PE wind are found in northwestern NB, where they fall below r = 0.3. 

C.2 Correlation to PE Load 

The correlation of wind resources to load in PE is presented in Figure 50. Higher values (warmer colors) 

within PE are better, as they indicate that wind tends to blow when electric power is needed. 
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Figure 50 Correlation between PE provincial load and the wind resource across the Maritimes. Higher 

values are better. 

Figure 50 is dominated by rapid variations in correlation across mainland NS and southern PE. Looking 

beyond these, small positive correlations between PE provincial load and the regional wind resource can 

be seen throughout the region. On land in PE, no areas exceed a correlation of about 0.2. PE’s East Cape 

exhibits a correlation ‘well’. The best correlations in the region, exceeding 0.25, are found in eastern CB 

and in the mouth of the Gulf of Maine.  

C.3 Correlation to PE Net Load 

PE has significantly more installed wind capacity relative to its loads than either NB or NS, so the changes 

between the net load analyses and the gross load analysis are expected to be more noticeable than those 

in NB or NS. The correlation of wind resources to net load in PE is presented in Figure 51. Having a higher 

positive correlation (warmer colors) to net load is better.  
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Figure 51 Correlation between PE provincial NET load and the wind resource across the Maritimes. 

Higher values are better. 

As can be seen in Figure 51, net loads in PE have even more strongly negative correlation to wind resources 

across the Maritimes than do those in NS. The worst negative correlations, with values of r < -0.6, are 

located where much of PE’s installed wind capacity is located on the north, west, and east capes. The best 

(or least bad) wind resources in the Maritimes are again found in far northwestern NB, though those still 

have small negative correlations. Note that PE relies on dispatchable generation in NB for nearly all of its 

wind balancing, so many stakeholders may prefer to evaluate PE as part of a larger balancing system rather 

than as an independent entity.  

C.4 Resource during high Import and Export Times 

A histogram of observed 10-minute electricity imports into PE is shown in Figure 52, with the highest 5% 

of observations (above ~180 MW of imports) highlighted in red and the lowest 5% of observations 

(whenever any net export occurs) in yellow. Before any further analysis, this distribution of transmission 

use indicates that additional capacity on PE should not be curtailed due to concerns of export power 

transmission capacity. 



 

Page 67 of 70 

 

Figure 52 Historical distribution (top) and timeseries (bottom) of electrical imports to (+) and exports 

from (-) PE, indicating highest and lowest 5% of observations. 

The timeseries plot in Figure 52 (bottom) shows a weak seasonal signal, with higher peak imports in the 

winter. High variability of imports, driven by the large quantity of wind generation relative to load, 

obscures that signal with constant fluctuations of ~200 MW. Mean capacity of regional wind resources 

during the times of highest PE electrical imports are plotted in Figure 53. Higher values (warmer colors) 

within PE are better. 
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Figure 53 Mean wind capacity during peak PE’s Power Import Times. Higher values within PE are 

better. 

Figure 53 indicates that when PE is importing a lot of power, the wind resources over the whole of the 

island are very low, with cf <= 0.15 (15%), or less than half of average. The middle of the province appears 

to have slightly better (higher) values that the extremities though the small variations make confidence in 

such assertions low. 

Figure 54 shows the mean capacity factor of wind resources throughout the Maritimes during times when 

PE is exporting a lot of power to NB. Lower values in PE are better. 
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Figure 54 Mean wind capacity during peak PE’s power export Times. Lower values within PE are 

better. 

Figure 54 indicates that to accommodate limitations to PE’s export transmission, the northwestern part 

of the province would be the preferred area for development. Note that since export power is still 

significantly below the transmission capability of the PE – NB link, this is not a concern at this time. 

C.5 Venn Diagram of Selected PE Results 

As for the Maritimes, selected results for PE have been complied into a geo-spatial Venn Diagram in Figure 

55. Areas with water depth less than 50 m are shown in dark blue; Areas where the wind correlates to 

existing PE wind at r < 0.65 are shown in red; Areas with wind that correlates to PE net load with r > -0.65 

are shown in light blue; Areas where the wind is timeshifted relative to existing PE wind by greater than 1 

hour are shown in yellow; And areas with a calculated capacity value (defined as 85% reliable wind during 

10% worst PE load hours) of greater than 4% are shown in green. Note that the threshold values are 

selected somewhat arbitrarily to make the fractions visible on the map similar.  
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Figure 55 Venn Diagram indication areas around PE with water depth less than 50m (dark blue), wind 

with a correlation to existing PE wind of less than 0.65 (red), wind with a correlation to NS 

net load of greater than -0.55 (light blue), an absolute timeshift relative to existing NS wind 

of greater than 1 hour (yellow), and a capacity value (85% reliable wind during 10% worst 

NS load hours) of greater than 4% (green). 

A review of Figure 55 suggests that the wind resources found in central and eastern portions of PE are 

advantaged by multiple grid integration metrics. There is concern, based on previous findings that the 

methods used in this study are tested to resolve climatological details at spatial scales appropriate to PE. 

This fact seems to be exacerbated by PE’s particular spatial mix of meteorological towers and old and new 

wind turbine designs. What is clear from this analysis is that 1) PE could add significantly to the capacity 

of wind generation without running into export constraints to NB, and 2) any such new wind capacity 

would at least occasionally exacerbate grid stability issues in the Maritimes, and curtailment could be 

planned for as an integration strategy. 


