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It's the economy, stupid

people
technology

Energy services, flexibility and data

Part I



Part I
• System flexibility
• Energy needs and uses
• Feedback systems
• Causality

Part II
• Demand side flexibility
• Price elasticity
• Data and privacy
• Synthetic data



1) System Flexibility



Merit order

Peak pricing

Curtailment

Spinning reserve



The (passive) flexibility we will miss



Demand matters

Estimated cost saving

£40 (up to)

From savings on
1) Capacity
2) Operation
3) Networks, I/C



Source:  Climate Change Committee. The UK’s path to net zero. 
The sixth carbon budget, Climate Change Committee, December 2020
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Behaviour Practices



Energy needs and uses



Energy concepts



Meaning and order of different energy forms

Appliance output Service
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The Sun

Available Primary

FF + Nuclear + RES

Delivered

Metered 1.3kW/person

Useful

Appliance output

Used
Service

Needed

2.5MW/person

2.7kW/person

data: worldbank.org, iea.org

}}
Well understood Poorly understood



Maslow's Hierarchy of Needs



Energy service needs



2.5MW/person

200 W/person

Efficiency requirement ~1 in 10,000

(Yes we can meet everyone's needs sustainably)

Energy service needs
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Energy service needs



Energy use
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Over the past 30 years

Energy use in the UK

a) Increased 50%

b) Increased 20%

c) stayed the same

d) reduced by 20%



Feedback Systems



Source SinkState

System boundary
(arbitrary)

Feedback
Target



Good feedback is:
- Timely (not just fast)
- Accurate
- Relevant to system goals

Energy feedback



The power of feedback



The power of feedback

r=1.5

r=2.7
r=3.0
r=3.7



The power of feedback r
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Good feedback?





Data
1.7 kW

0.24 kgCO2e

011000110
101111101
000000110
101011001
111010011
000010110

Information

Fridge: €12 last month

Heating: €160 last month 

Message A new 50l fridge

suits your needs

and pays for itself

in 2 years.

 options     do it

A 3kW heat pump

is your best next

carbon saving step

for you

 options     do it

Data for feedback



Judea Pearl



What causes the sun to rise?

P(Sun | Crow)

P(Sun | do not (Crow))



What causes the the cockerill to crow?

P(Crow | Sun)

P(Crow | do not (Sun))



How to eliminate confounders?

P(Crow | Time)P(Sun | Time)



How to eliminate confounders?

P(Crow | Time)

P(Crow | do not (shine))

P(Sun | Time)



To understand causes we need (up to) three things

Causal model

Observation

Do something



Energy demand research is evolving

Understanding
Demand

No data

Assume
& model

What I think
people do

Some data

Interpolate
& scale up

What people think
they do

Big data

Train model
& analyse

What data says
people do
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or
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   Keep powered

   .uk/47203

     for details

EDDI

Current clamp

CAD (Consumer 
Access Device)

App

JoyMeter.uk

Diary

Understanding demand
the hard way



Activity records



s



What is the
'marginal'
contribution
of activities
to demand?



Marginal contribution of activities to demand



Watts this?



n=14
(+) Average electricity use at 6pm
(+) How much do you spend on energy?
(+) Average electricity use
(+) How many rooms?
(+) Unlikely to buy an electric vehicle
(-) Would install an electric heat pump

NovemberJulyJanuary

n=59
Agerage electricity use (-)

 Average electricity use at 6pm (-)
How much do you spend on energy? (-)

How many adults? (-)
What type of property do you live in? (+)

n=38
Energy spend (+)

n=11
Average electricity use (+)

Have an electric heat pump (+)
Average electricity use at 6pm (+)

How much do you spend on energy? (+)
Dog owner (+)
House type (+)
Social grade (+)

n=23
El. quantile 50 (-)
El. quantile 25 (-)

n=52
Average electricity use (-)

Average electricity use at 6pm (-)
How many rooms? (-)

What type of property? (+)
How many adults? (-)

How much do you spend on energy? (-)
How many rooms does your home have? (-)

Would buy an electric vehicle (-)
Would install an electric heat pump (+)

Universal Credit (+)

n=74
(+) How many rooms does your home have
(+) Average electricity use at 6pm
(-) How many rooms does your home have
(+) How much do you spend on energy?
(-) What type of property?
(-) House type
(+) How many adults?
(+) Average electricity use

n=7
(+) Average electricity use
(+) Average electricity use at 6pm
(+) Energy spend
(+) Living rent free
(-) In employment

n=5
(+) Standard tariff
(+) Heat pump
(-) Load response in intervention
(+) Number of rooms
(+) Very likely to buy an EV
(+) Detached house
(+) Southern England

n=49
(-) Energy spend
(+) Dog owner
(+) Universal Credit

n=42
(+) How many rooms?
(+) How much do you spend on energy?
(-) Type of property
(+) Average electricity use at 6pm

n=29
(-) Average electricity use at 6pm
(-) How much do you spend on energy?
(-) Average electricity use
(-) How many adults?
(+) No energy saving behaviours
(+) Type of energy tariff

n=6
(+) Average electricity use
(+) Energy spend
(+) Average electricity use at 6pm
(+) Detached house
(+) Unsure about heat pump
(+) Bungalow
(-) Reduce water consumption

DTW clusters 





Enjoyment of activities and demand
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To change energy use we need to understand energy use
(as a system)

Use
HeatMotionInfo.

Waste

How much? What? Why?

Input System Service
Energy (mis-)useFuel

Gas
Wood
Coal
Oil
H2

Environment

Sun (light)
Air (temp)
Wind

Electricity

Good feedback is:
- Timely (not just fast)
- Accurate
- Relevant to system goals


