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Maximum volume of wind energy (MWh) that could avoid 
being constrained by controlling electric residential heating

Key considerations

◼ Need to do this without costing the ESO, 

DSO or end-consumer more

◼ Only considering off-gas grid electric 

heating in Scotland

Outputs:

◼ How much of a difference can we make

◼ CBA

◼ Route to market
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Scenarios

Scenario Building stock & 

wind curtailment 

profile

RTS homes 

present

Main electric 

heating 

technology

Smart 

controls 

installed

Explicit wind 

consumption 

incentivised

Dynamic ToU

tariffs used

2020 2030

A - 2020 base case ✔ ✔ Storage heaters

B1 - Smart controls only (RTS) ✔ ✔ Storage heaters ✔

B2 - Smart controls only ✔ Storage heaters ✔

C1 - Optimised to wind constraints (RTS) ✔ ✔ Storage heaters ✔ ✔

C2 - Optimised to wind constraints ✔ Storage heaters ✔ ✔

D - 2030 base case ✔ Heat pumps

E - Smart controls only ✔ Heat pumps ✔

F - Dynamic ToU tariff ✔ Heat pumps ✔ ✔

G - Optimised to wind constraints ✔ Heat pumps ✔ ✔

H - Dynamic ToU tariff + wind optimisation ✔ Heat pumps ✔ ✔ ✔
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Smart controls, explicit wind incentivisation, dynamic tariffs

Smart controls Explicit wind 

consumption 

incentive

Dynamic ToU

tariffs

2020 & 2030
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Model

Calculate associated 
system cost

Calculate “normal 
tariffed” and “curtailed 

wind energy” use

Select most cost-

effective demand 

profiles, on a 

daily basis

Model map
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System cost 

of electric 

heating

Scale of 

absorbed 

curtailed wind 

energy

Feeder Headrooms

Hot water heating 

demand profiles

Home space heating 

demand profiles

Electricity tariff 

profiles

Curtailed wind 
energy 

prediction for 
Scotland

Housing stock 

characteristics

Input

to CBA

Curtailed wind use 

tariff discount

Scale up to 
whole 
Scottish off-
gas-grid area

Key:

Input

Process

Modelling Output

Project Result
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Main findings – modelling for 2020 scenarios
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Notes

• Results scaled 
up for whole of 
off gas-grid 
Scotland

• Results in 
relation to the 
2020 base 
case (BAU)

Smart

controls

Explicit ESO

incentive
Smart

controls
Total Total

30

24 54

155

67 222

Excluding RTS homes Including RTS homes

A reduction of 54 GWh is 4%      

of the total wind curtailment 

forecast for 2020

A reduction of 222 GWh is 17% 

of the total wind curtailment 

forecast for 2020

Explicit ESO

incentive
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Main findings – modelling for 2030 scenarios
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Notes

• Results 
scaled up for 
whole of off 
gas-grid 
Scotland

• Results in 
relation to the 
2030 base 
case

Smart controls Dynamic time of use tariff Explicit ESO incentive

92

134

95

135

83 540
A reduction of 540 GWh is 

9.2% of the total wind 

curtailment forecast for 2030

Total
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Consuming 
wind
42%

Smart control 
optimisation

50%

Environmental 
benefits

8%

The average split of benefits across the scenarios

CBA main findings
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£11m - £304m 10 year NPV

0 1 2 3 4 5 6 

2030 scenarios

2020 scenarios

Payback (years)

Range of payback periods

£22m/year

£24m/year

£2m/year

7 8 



4D HEAT

Conclusions
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Smart electric heating can deliver value and reduce wind curtailment

Smart controls are the key mechanisms to access all values:

2020:

17%

2030:

9%

£24m/yr

2030:

26 Gt

2030 wind curtailment = 3x 
greater than all off-gas grid 
electric heating demand

Explicit wind consumption 
incentivisation payments

Smart controls Time of Use tariffs
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Recommendations
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Our journey

1. Continue to reform ESO and DSO services

3. Be a proactive voice on energy supply market reform

4. Support the evidence base for smart controls

5. Adopt ‘market enabling’ role for industry innovation

6. Consider links with Vulnerable Customer strategy

2. Refine analysis through further work

WHOLE 

SYSTEM

REAL WORLD
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Report
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Report link: https://www.ssen.co.uk/WorkArea/DownloadAsset.aspx?id=19929

Find the report 
online, follow 
link or search:
“SSEN ESO 4D 
Heat report”

https://www.ssen.co.uk/WorkArea/DownloadAsset.aspx?id=19929

