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Summary

 China investing massively in Variable Renewable Electricity
— but still a modest part of total generation
— transmission bottlenecks cause curtailment

* Marginal curtailment = 3+ times average curtailment
—If average curtailment = 14% => additional MW curtailed 50%

* UK's Review of Electricity Market Arrangements
— concerned at growing congestion costs from constraints

= Guide location to avoid transmission constraints

= Transmission investment helps but may be more costly

— Better contracts to support VRE?

= Zonal pricing to reflect transmission constraints?
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China’s progress to
decarbonisation

* Fossil genefation still
dominat
wind add huge
capacity but much less
extra output each year



Variable renewable
electricity, VRE

Curtaitment as share of output

* Curtailment reduces potential output & capacity factors
* Caused by transmission constraints
* Massive grid investment has reduced curtailment



Curtailment over time and

sSpace
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British experience of
curtailment

« Variable Renewable Electricity (VRE, i.e. wind and solar PV)
« Peak: average output ratio 2-4:1 (wind); 9:1 (PV)
« Transmission designed for fossil plant, VRE different locations

 Transmission

constraints already

cause curtailment -
* Marginal curtailment

3-4 times average
= curtailment rates

rise with increased

VRE without more

transmission

Source: https://www.ref.org.uk/energy-data

https://www.ibs.cam.ac.uk/centres/enerev-



Cost of extra MW much
higher than average

Addition to capacity

!

Curtailment
of addition



BEIS REMA Consultation
18 July-10 August 2022

* “market forces alone are currently unable to
deliver our objectives”
=> Change in market design
* Objective — least system cost
— Getting investment location right is most important
=> investment location signals: connection contracts
* |east-cost dispatch => zonal pricing?
— Reflect transmission constraints

» reform VRE support schemes?
— Discourage inefficient location/operation



Locational pricing

NGESO Network Options
Assessment. rising constraint
costs

Ofgem:
* 2023 Locational wholesale Pricing Assessment of locational wholesale pricing
Assessment: Ofgem contracted FTI for Great Britain at

to r_nOdel; Newbery an_d Pollitt to ‘ https://www.ofgem.gov.uk/publications/assessmen
review — see Ofgem site t-locational-wholesale-pricing-great-britain




Guiding investment location
Transmission Network Use of System

£43/kWyr—
= 2X cap pay

v

GB has strong locational signals for investmer\

More transmission needed where VRE located



Improving VRE delivery

» Give suitable location guidance

» Curtailment with compensation expensive

— Limit number of contracted fixed price MWh
* E.g. 40,000 MWh/MW for wind

—> assured future total revenue underwrites finance
* VRE to respond to spot price

—> zonal pricing to reflect transmission constraints

= no payment when prices fall to zero
= voluntary curtailment does not reduce total revenue



Conclusions

» Location guidance for VRE important

— Cost /IMWh delivered rises with curtailment

— Locate with lower capacity factors without constraints?
- Marginal curtailment 3-4 x average

= curtailment rises rapidly without extra transmission

= Transmission investment needed rapidly
* GB reforms aim to improve location guidance

— Zonal pricing? Improved VRE contract design?
— Planning reforms to speed up transmission
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