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Responding to the challenges of wind variability 
(A thesis overview) 
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Why Northern Ireland? 

• Huge 40% renewables target for 2020 
and substantial wind resource 
 

• Weak interconnection 
 

• AES (industry sponsor) has strong 
commercial presence 
 

• The role of conventional plant  
alongside renewables not well 
understood 



Review of the challenges 

• Conventional generation is an essential 
part of the energy mix 

– Frequency response 
– Voltage regulation  
– Response to renewables 

 
• Range of impacts on conventional 

generation and potential solutions 
– Aging  and reducing plant mix: 

reduced ramping capability 
– Constrained running:  wind 

curtailment 
 
 
 

 



Opportunities for generators 

• Power plants have different ramping 

characteristics: GU and GD (MW/min), as 

well as maximum and minimum 

generations, GMAX, GMSG. 
 

• Potential modifications to improve these 

considered at Kilroot power plant. 
 

• ‘Three unit’ security rule – if this can be 

relaxed it would reduce curtailment 
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(1) Wind variability 



Wind variability 

• How quickly can 
conditions change? 
 

• What are the 
extremes? 
 

• Is the existing 
generation up to 
scratch? 
 

• If not, what is 
required? 



Events (and how to avoid them) 

• Upward wind ramping can be 

avoided by restricting the ramp 

rate of wind.  Works at all 

timescales. 

 

 

• Downward wind ramping can 

be met by firing peaking wind 

generation, but not at a 5-min 

timescale 

 

Upward wind 

ramp 

 

 

Downward 

wind ramp 

 

 

Downward 
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Upward plant 
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Wind variability – the literature 

Wind variability plot for West Denmark (2001) 

• David Milborrow 
carried out early work 
 

• Many studies use 
fairly short time series 
(except e.g. Sinden) 

 
• Focus is not on 

extremes or system 
resilience 



The role of meteorology 

• Wanted long term data set – 

mast data often poor for this 

purpose. 

 

• Settled for reanalysis after 

verifying it was suitable: 32 

year simulated 2020 wind 

data set. 

 

• Also used metered historic 

Northern Ireland data and 

high resolution UK data. 

Unrealistic 

sites 

 

 

Discontinuities 

Gaps 



2020 Northern Ireland wind variability 



Method 

• Assumption of perfect 

predictability of wind, and 

perfect availability of plant. 

 

• Calculated rate of change of 

wind generation dWt/dt 

 

• Tested system resilience at 5 

minute, 1 hour and 4 hour time 

steps and quantified events 

where wind generation exceeds 

plant response capability 

 

Upward wind 

ramp 
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Downward 
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Upward plant 
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The results 
• Results confirmed variability not 

historically an issue, but by 2020 ‘events’ 

occur at all timescales. 
 

• Wind drop off events rarer than wind pick 

up events at 1-hr and 4-hrs due to peaking 

generation cover.  

– Wind pick up manageable 

– Wind drop off is problematic 
 

• Power plant events rarer at 1-hr than at 4-

hrs. 
 

• The 5-min time step problematic: too 

short for peaking plant to bolster 

generation. 

 

 



The solutions? 

Batteries 

Interconnection 

Plant changes:  
dispatch/modification 



email: m.kubik@pgr.reading.ac.uk 
web: mlkubik.tumblr.com 
twitter: @mlkubik 

(2) Wind curtailment 



Variability        curtailment 

2010 wind generation  2010 demand 

JAN 
10 

JAN 11 

JAN 
10 

JAN 11 



Curtailment 

• System operator can curtail wind 

output remotely 

 

• Reduces wind farm economic return 

(loss of ROCs) 

 

• Increases system costs 

 

• Increases grid carbon intensity 



Method 

Simulated demand 

(system operator’s growth model) 

Simulated wind 

generation 

(Validated historically) 

Interconnector 

scenarios 

Minimum constrained on 

conventional generation 

(power plant scenarios) 

When balance of 

generation is –ve, 

curtailment required 



Results – 2020 curtailment levels 



Results – emissions saved  
(relative to business as usual) 



The solutions? 

Batteries 

Interconnection 

Plant changes:  
dispatch/modification 



Plant dispatch/modification 

Flexibility 

• More two-shifting of power plants will allow generation to be brought online 

faster. 

• Modify to reduce MSG: improves operating range and hence capabilities 

• Modify to improved ramp rates: important over short timescales. 

 

Curtailment 

• Modify to reduce MSG.  Best depend on what system is optimised for: reducing 

curtailment costs, or curtailment emissions. 

• Relax 3-unit rule.  Two unit rule substantially reduces curtailment.  However, 

introduces higher system security risk and reduces ramping ability. 

 

 

 

 

 

 



Batteries 

Flexibility 

• 100MW battery store tested in model and would help at all timescales, especially the 

problematic 5-min step changes in wind generation. 

• Batteries can respond to both upwards/downwards wind ramping – peaking plant can only 

respond to downwards. 

 

Curtailment 

• Batteries continually synchronised and offer all the services a power plant can offer 

(ramping response to wind, frequency control, voltage regulation). 

• Battery storage facilitates the displacement of power plants and relaxing 3-unit rule. 

 

 

 

 

 

 

 

 



Interconnection 

Stronger interconnection 

Flexibility 

• Internal (AC): stronger link to the Republic of Ireland: fewer constraints, more efficient 

generators and resource aggregation. 

• External (HVDC): Moyle and EWIC to Great Britain. 

 

Curtailment 

• Stronger interconnection means  less curtailment 

 

Still questions over 
true export 
capabilities during 
high wind generation. 



The story continues… 

• AES (industry sponsor) looking to build a100MW 
battery storage project. 
 

• New 400kV transmission line into Republic of 
Ireland planned to help relieve Northern Ireland 
bottleneck. 
 

• EMR (due 2016) important – incentivizing 
generator flexibility, batteries as ancillary services, 
facilitating intraday interconnector trading. 
 

• More research needed on the true capabilities of 
interconnectors. 
 
 



Conclusions 

• Wind curtailment and variability historically not a problem.  By 2020 
the system impacts become pronounced under business as usual 
conditions. 
 

• Improving interconnection, battery storage and power plant 
improvements and dispatch changes all have a role to play.  Market 
and regulatory issues need resolving to facilitate some of the 
solutions. 
 

• Northern Ireland is about as challenging as it gets.  If you can do it 
there you can do it anywhere. 

 

“The trouble with having an open mind, of course, is that 
people  will insist in coming along and trying to put 
things in it.” 
      - Terry Prachett 
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Slide illustrations: 
 xkcd.com 


