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 In the 2026 ELCC study, E3 evaluated 4-, 8-, and 12-hour 
battery storage as candidate resources and included selected 
wind + 4-hour storage portfolio combinations to illustrate 
potential diversity benefits

 This follow-up study provides a more detailed evaluation of 
wind-storage interactions across a broader range of 
penetrations

• Develops a more granular onshore wind + 4-hour storage surface

• Expands the analysis to include onshore wind + 8-hour and 12-hour 
storage surfaces

• Quantifies the implied diversity benefits across different 
combinations of wind and storage

 The results can help inform how to represent wind and 
storage ELCCs in capacity expansion model so it 
appropriately captures the capacity value of adding different 
resource combinations

Follow-up Study Context and Goals

Nova Scotia 2026 Existing + Planned  
Resource Portfolio 
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374 MW  Hydro

1,176 MW Wind

30 MW    Solar

2,217 MW  Thermal

150 MW   4-hr Storage

Cumulative Capacity Value Provided by 4 Hour Storage and 
Onshore Wind Addition

4 Hour Storage and Onshore Wind Cumulative Capacity Value, ELCC MW

Generic Onshore Wind Addition On Top of 2026 E+P Portfolio (MW)
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-   0* 24 36 53 70 94 120

50 32 56 68 85 102 129 152

150 76 100 112 129 151 180 197

350 119 146 174 199 218 252 281

650 165 195 216 254 285 325 360

1,150 214 254 278 317 349 405 454

2026 NS E+P 
Portfolio

Increasing Onshore Wind Capacity

Increasing 
4-hr Storage 

Capacity

650 MW additional 4-hr storage and 
1,000 MW new wind can provide 285 MW 
perfect capacity toward reliability need

As the penetration of either resource increases, the total capacity 
contribution of the portfolio also increases, reflecting their additional 
reliability contribution to the system

* Table shows ELCC MW for new additions on top of 2026 E+P portfolio, therefore starting from 0 MW ELCC for 0 addition portfolio
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374 MW  Hydro

1,176 MW Wind

30 MW    Solar

2,217 MW  Thermal

150 MW   4-hr Storage

Calculate Diversity Benefit by Comparing Additional ELCC MW 
from Adding Two Resources Together 

4 Hour Storage and Onshore Wind Cumulative Capacity Value, ELCC MW

Generic Onshore Wind Addition On Top of 2026 E+P Portfolio (MW)
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350 119 146 174 199 218 252 281
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1,150 214 254 278 317 349 405 454

2026 NS E+P 
Portfolio

Increasing Onshore Wind Capacity

Increasing 
4-hr Storage 

Capacity

When adding together, the wind-storage portfolio can 
provide 285 MW perfect capacity toward reliability 
need, 50 MW higher than sum of individual

50 MW ELCC is about 3% relative to the portfolio 
nameplate MW addition (50 / 1,650 = 3%)

Adding additional 650 MW 4-
hr storage alone can provide 
165 MW perfect ELCC

Adding 1,000 
MW more 
standalone 
onshore wind 
can provide 
70 MW 
perfect ELCC
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374 MW  Hydro

1,176 MW Wind

30 MW    Solar

2,217 MW  Thermal

150 MW   4-hr Storage

Diversity Benefit Between Onshore Wind and 4 Hour Storage 

4 Hour Storage and Onshore Wind Cumulative Capacity Value, ELCC MW

Generic Onshore Wind Addition On Top of 2026 E+P Portfolio (MW)
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Portfolio

Increasing Onshore Wind Capacity

Increasing 
4-hr Storage 

Capacity

Generic Onshore Wind Addition On Top of 2026 E+P Portfolio (MW)
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50 0% 0% 0% 0% 0% 0%

150 0% 0% 0% 0% 1% 0%

350 1% 3% 27 MW / 3% 2% 2% 2%

650 1% 1% 3% 50 MW / 3% 3% 3%

1,150 1% 2% 3% 3% 97 MW / 4% 4%

While a diversity effect is visible at high penetrations of both 
wind and storage, it remains small relative to portfolio size

Large amount of 4-
hour storage additions 
are required to realize 
3-4% diversity benefits

4 Hour Storage and Onshore Wind Diversity Benefit, % of Portfolio Nameplate Addition
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 Storage saturation occurs across all 
wind penetrations as the system 
increasingly needs resources that 
can sustain output through 
prolonged periods of high load and/or 
low wind generation

 Overall, the interaction between 
storage and wind is relatively limited 
and may not warrant a full two-
dimensional surface representation 
in capacity expansion model

Marginal ELCC for 4-Hour Storage at Different Wind Penetration 

4 Hour Storage Marginal ELCC at Various Wind Penetrations

Cumulative Capacity, MW

150 MW E+P Storage: 95% ELCC

The relatively narrow spread in 
storage marginal ELCCs 
across wind penetrations 
indicates limited wind - 
storage diversity benefit
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Generic Onshore Wind Addition On Top of 2026 E+P Portfolio (MW)
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50 0% 0% 0% 0% 0% 0%

150 0% 0% 1% 1% 1% 0%

350 1% 2% 31 MW / 3% 3% 3% 3%

650 2% 3% 4% 70 MW / 4% 4% 4%

1,150 2% 4% 5% 6% 148 MW / 6% 5%

Generic Onshore Wind Addition On Top of 2026 E+P Portfolio (MW)
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50 38 62 74 91 109 141 158

150 100 124 137 158 181 213 229

350 157 184 204 240 273 311 343

650 214 252 282 317 354 401 450

1,150 257 312 357 397 446 499 545

Diversity Benefit Between Onshore Wind and 8 Hour Storage 

374 MW  Hydro

1,176 MW Wind

30 MW    Solar

2,217 MW  Thermal

150 MW  4-hr Storage

8 Hour Storage and Onshore Wind Cumulative Capacity Value, ELCC MW

2026 NS E+P 
Portfolio

Increasing Onshore Wind Capacity

Increasing 
8-hr Storage 

Capacity

Longer duration 
storage increases 
portfolio cumulative 
ELCC MW

8 Hour Storage and Onshore Wind Diversity Benefit, % of Portfolio Nameplate Addition

Diversity benefits 
are also higher but 
remain limited as % 
of the portfolio 
nameplate addition

Note: 8-hour storage is evaluated beyond existing and planned 4-hour storage (150 MW)
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Generic Onshore Wind Addition On Top of 2026 E+P Portfolio (MW)
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150 0% 2% 2% 1% 1% 1%

350 2% 3% 44 MW / 4% 4% 4% 4%

650 3% 5% 6% 97 MW / 6% 6% 5%

1,150 1% 3% 5% 6% 160 MW / 6% 6%

Generic Onshore Wind Addition On Top of 2026 E+P Portfolio (MW)
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150 110 133 155 177 197 225 246

350 189 226 251 286 318 363 393

650 243 291 336 375 411 462 503

1,150 319 357 407 465 509 573 624

Diversity Benefit Between Onshore Wind and 12 Hour Storage 

374 MW  Hydro

1,176 MW Wind

30 MW    Solar

2,217 MW  Thermal

150 MW  4-hr Storage

12 Hour Storage and Onshore Wind Cumulative Capacity Value, ELCC MW

2026 NS E+P 
Portfolio

Increasing Onshore Wind Capacity

Increasing 
8-hr Storage 

Capacity

12 Hour Storage and Onshore Wind Diversity Benefit, % of Portfolio Nameplate Addition

12-Hour storage 
provides highest 
capacity value in 
supporting extended 
loss-of-load risks in 
winter, but still 
exhibit saturation as 
total size increase

Note: 12-hour storage is evaluated beyond existing and planned 4-hour storage (150 MW)

Diversity benefit is 
further increased, 
but remain modest 
relative to total 
portfolio additions
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Generic 8-Hour Storage Addition On Top of 2026 E+P Portfolio
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Interaction Between Different Storage Durations

374 MW  Hydro

1,176 MW Wind

30 MW    Solar

2,217 MW  Thermal

150 MW   4-hr Storage

4 Hour Storage and 8 Hour Storage Cumulative Capacity Value, ELCC MW

2026 NS E+P 
Portfolio

Increasing 8 Hour Storage Capacity

Increasing 
4-hr Storage 

Capacity

At the same energy capacity (MWh), different 
durations provide only slightly different ELCC: 
1,200 MWh of 4-hour storage provides 113 MW vs. 
100 MW for 8-hour storage

At the same power capacity (MW), mixed-duration portfolios 
simply fall between the all-4-hour and all-8-hour cases: 300 
MW 4-hour gives 113 MW, 300 MW 8-hour gives 141 MW, and a 
150/150 mix gives 124 MW ELCC

The additional capacity value captured by differentiating storage duration 
is relatively limited compared with the broader storage saturation effect
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 Portfolio ELCC increases as wind and storage are added, with longer-duration storage providing more 
capacity value at higher penetrations

 All storage durations show some diversity benefit with wind, but the benefit remains modest and 
becomes more visible only at high wind and storage additions

• The drop in storage marginal ELCCs remain relatively similar across different wind penetrations, indicating that higher 
wind penetration does not materially slow down the storage saturation

 For capacity expansion modeling, the key effect to capture is storage saturation, while wind - storage or 
storage MW – MWh interactions are smaller secondary effects

 Any simplified ELCC representation will necessarily approximate the full RA interactions, so the 
resulting portfolio should be validated in the RA model toward the end of the planning process and 
adjusted if needed to meet the reliability target

Summary



Appendix
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 The portfolio used for diversity 
examples in ELCC study 
includes a more diverse mix of 
solar and offshore wind than 
the storage/onshore wind 
portfolios modeled here

 Because of this, the portfolio 
diversity in MW in modeled 
portfolios here is lower, but the 
% relative to portfolio size is 
similar

• Additional benefit MW is driven 
by interaction between storage 
and solar / storage and offshore 
wind

• Diversity benefit increases 
slightly from 4- to 12-hour 
storage, but the differences are 
small, with all rounding to ~ 2%

Portfolio Diversity Examples

Onshore Wind Nameplate MW 700 1,000 1,000 1,000

Offshore Wind Nameplate MW 300 0 0 0

Storage Nameplate MW 150 (4hr) 150 (4hr) 150 (8hr) 150 (12-hr)

Solar Nameplate MW 475 0 0 0

Diversity Benefit%
(% relative to portfolio total nameplate MW)

3% 2% 2% 2%

      
   

   
   

   

   
  

  
  

  

  
  

  

  

  
  

  

  

 

  

   

   

   

   

   

   

   

   

                                       
                                     
                                          
                              

        
                   
                               
             

              
                  

                   
                  
                  
               
                   
         
          

                            

                                                                                                                              

           
        
         

           
        
         

           
          

           
            

      
   

   
   

   

   
  

  
  

  

  
  

  

  

  
  

  

  

 

  

   

   

   

   

   

   

   

   

                                       
                                     
                                          
                              

        
                   
                               
             

              
                  

                   
                  
                  
               
                   
         
          

                            

                                                                                                                              

           
        
         

           
        
         

           
          

           
            

Cumulative ELCCs for Different Storage Portfolios, perfect MW

Low Storage/DR Example 
Portfolio shown in ELCC report 



13

 The 150 MW E+P of storage has a relatively high ELCC 
(around 95%), and the marginal ELCC starts to exhibit 
diminishing return for the next 200 - 300 MW of additions. 
ELCCs declines rapidly to ~20% or lower afterwards

• The initial tranche of storage has relatively high ELCC, as the high 
penetration of onshore wind creates relatively narrow windows of 
capacity need, making it easier for 4hr storage to dispatch

 As more of the same duration (4-hr) storage is added to the 
system, the system increasingly needs resources that can 
sustain output for longer durations to address prolonged 
periods of high loads and/or low wind generation

Storage ELCC: 4-Hour

4-Hour Storage Cumulative Capacity Value

4-Hour Storage Marginal ELCC

Cumulative Capacity, MW

E+P Storage: 150 
MW 

Illustration of Diminishing Value of 4-hr Storage ELCC 
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Storage ELCC: 8- and 12-Hour

Storage Cumulative Capacity Value

Storage Marginal ELCC

Cumulative Capacity, MW

4-hr

8-hr
12-hr

374 MW  Hydro

1,176MW  Wind

30 MW  Solar

2,217 MW  Thermal

300 MW Storage

 E3 also calculated ELCCs for longer 
duration storage resources, given the 
diminishing returns of 4-hour storage on 
N          ’        

• Because storage of different durations all 
provide benefit with limited storage on the 
system, E3 calculated ELCCs of 8- and 12-
hour storage assuming 300 MW of 4-hour 
storage is already on the system

 8- and 12- hour storage provide more 
effective capacity at moderate 
penetrations (300-700 MW) but also 
exhibit diminishing returns as the 
duration of system need extends beyond 
a day or longer

596

374

2,022

1.7

2020 2026

ELCCs evaluated in 
addition to existing 
& planned resource 

portfolio

St
ud

y 
B

as
e 

P
or

tf
ol

io
s

4-hr

8-hr

12-hr

Assumed Existing 
4-hr Storage: 
300 MW 

EL
C

C
  (

M
W

)
EL

C
C

  (
%

)

Cumulative Capacity, MW



15

 ELCC for 1,176 MW onshore wind projects 
that are existing or expected to be online by 
the end of 2026 is ~20%

• Higher share of high-capacity-factor planned 
wind increases its ELCC relative to the previous 
study

 As additional onshore wind is added, its 
incremental capacity value declines rapidly

 This reflects the fact that periods of low 
wind output (especially when coinciding with 
high demand) are already a key driver of 
system loss-of-load risk, so adding more 
wind with similar generation patterns does 
little to improve reliability

Onshore Wind ELCCs

Land-Based Wind Cumulative Capacity Value

Land-Based Wind Marginal ELCC

Cumulative Capacity, MW

E+P LBW: 
1,176 MW 
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