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Outline

• Why support renewables?
• How best to support renewables?

– Get the carbon price right
• If not make up shortfall 

– Learning externalities require capacity support
– Auctions are better than bureaucrats
– DS3 to address wind variability
– Interconnectors key to high RES penetration
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Green is good, red poor
Island of Ireland well-endowed

EEA Technical report 
No 6/2009  at 
https://www.energy.eu/pu
blications/a07.pdf
Wind resource up to 50m 
depth, hub ht 80m 
onshore, 120m offshore

https://www.energy.eu/publications/a07.pdf
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Ireland among the top four in 
EU for RES share
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Why support renewables?

• Low carbon price => correct with carbon tax
• join GB in establishing Carbon Price Support

– Corrects trade distortion with GB electricity
– Raises revenue

• second best: subsidy €/MWh for CO2 displaced
⇒ Shortfall @ €20/t CO2 => CCGT displaced €9/MWh

Corrective taxes better than subsidies
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Combined impact of GB 
carbon tax (CPS) and ETS

ETS and GB CO2 prices, 2011-18
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GB carbon tax has reversed direction 
of GB-SEM trade

Flows and price difference GB-SEM, lagged quarterly moving averages
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SEM DAM prices track 
GB prices except for high wind days

Day-ahead wind forecast
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The case for a SEM carbon 
tax on generation

• In GB only 60% of CPS passed through in higher 
wholesale prices (fossil generators bear rest)

• ISEM: generators free to offer into energy-only EU 
auction platform (except for balancing)

• Bidding up or above GB prices?
• SEM carbon tax would likely not raise SEM 

wholesale prices much
• Reduce subsidies to renewables paid for by 

consumers?
Carbon tax on generation for 2030 vision?
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Why support renewables? 
Learning spillovers

• Learning-by-doing creates unrewarded spill-
overs that reduce later costs
– Justifies quite large subsidy for solar PV
– Rather less for wind (larger base, lower learning rate)

• The larger the coalition of the willing the more 
spill-overs are internalised

⇒Mission Innovation – 22 countries pledge to 
double clean energy R&D 

⇒ subsidize installation, not output
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Learning justifies support, mostly in 
production and deployment

Solar PV cost fall 20% 
for each doubling of cumulative
shipments 

Double
log 
scales
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Quantifying the spill-over 
benefit
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UK Off-shore wind auctions 
dramatically cut prices
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Reforming RES-E support

•Learning spill-overs need remuneration
– Almost entirely from making and installing equipment

⇒Contract €X/MWh for (e.g.) 30,000 MWh/MW, auction
determines premium €X

Reasons:
• Subsidy targeted on source of learning = investment aid

– Reduces cost of capital and risk via debt finance
– Ideally associated with CO2 credit per MWh

• Does not amplify benefits of high wind/sun
– Not over-reward favoured locations with same learning

• Auction better than bureaucrats at minimizing cost
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Handling high and low wind 
in SEM: DS3 essential
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DS3 already delivering 
benefits; SNSP to 75% 

Faster more flexible responses needed with high renewables
Synchronous inertia – supplied by fossil
generators, not by wind and PV

Fast
Frequency
Response
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Sustained high or low wind 
periods over six weeks

Interconnectors more useful than storage 
for these conditions
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Exporting up to 580 MW 
reduces curtailment

Effect of exporting 580 MW of surplus wind

Higher wind year 2018

Lower wind year 2009
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Conclusions

• Island of Ireland has wonderful wind 
• SEM/DS3 programme an excellent model
• Support for RES needs change

– recognise learning benefits by capacity support, 
– value CO2 by carbon tax (failing which subsidy per MWh )
– needs better location and dispatch price signals 
=> Pay for RES at time/place energy value
– market responsive requires auctions and good network tariffs

• Interconnectors increasingly valuable now coupled
– can buffer low and high wind penetration
–But asymmetric carbon price reduces value
=> align carbon taxes with GB
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Acronyms and appendices
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Acronyms

CfD Contract for Difference
CPS` Carbon price support = carbon tax
DS3 Delivering a Secure, Sustainable Electricity System
ETS Emissions trading System
EV Electric vehicle
LMP Locational marginal price or nodal price
RES   Renewable electricity supply
ROC Renewable Obligation Certificate
T Transmission 
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GB RES CfD 2015 auction 
better than bureaucrats
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Monthly variability of wind



E: 2,000 hrs/yr

N: 2,500 hrs/yr

C: £50/MWh

PE £49/MWh
=>£98k/MW/yr
=>£198k with ROC

PN £35/MWh
=>£87.5k/MW/yr

=>£212.5k with ROC

T cost
£15/
MWh

ROC = £50/MWh

With ROCs wind farm
inefficiently locates at N

Pay wind for availability 
+ average spot price => efficient E

Location choices under LMP and spot pricing for wind
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Exporting up to 580 MW 
reduces curtailment

Higher wind year

Effect of exporting 580 MW of surplus wind

Lower wind year 2009
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