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The (passive) flexibility we will miss



24 ofgem

8 e Demand matters
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No demand measures - no net zero
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Agency

Hours

Behaviour Practices

Timescale

Seasons



Energy needs and uses



Energy concepts
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Meaning and order of different energy forms

Resource Fuel Energy Appliance output  Service Sufficiency

( i \ - - u m
Delivered Useful
\_ VAR J

Not captured Lost Misconverted Wasted Misused







The Sun 2.5MW /person

ko
O
&
L2
; FF + Nuclear + RES 2.7kW/person
o
)
£
=
)
Z .
Service e
Available Primary Delivered Useful Used Needed
\_\/—/ \_\/—/
Well understood Poorly understood

data: worldbank.org, iea.org



Maslow's Hierarchy of Needs

Self-actualization

desire to become the most that one can be

Esteem

respect, self-esteem, status, recognition, strength, freedom

friendship, int

Safety needs
personal security, employment, resources, health, property

Physiological needs

air, water, food, shelter, sleep, clothing, reproduction




Energy service needs

Information
* 60W / GB (IEA)

* Streaming at 1.25 GB 16 hours per day
Infor-

mation Movement

* E=m(v%/2+gh)

* m=100kg, v=100km/h, h=100m
Movement e 5trips per day: 830Wh

Heat (100W ~2,000kcal)
e E=-kATA
* |Inside 36°C, outside 0°C, surface 2m?, E=100W
e k=-1.4 W/mK

Coolth
* Inside 36°C, outside 40°C, k = -1.4W/mK




Energy service needs

2.5MW /person

Efficiency requirement ~1 in 10,000

(Yes we can meet everyone's needs sustainably)

A

200 W /person

Nowhere near to scale



Energy service needs
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Energy use

10,000

Over the past 30 years w .
United States

Energy use in the UK
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M vOor
c) stayed the same +17%
d) reduced by ZO% £ 0] RN N A Chad
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Feedback Systems



Thinking in Systems
System boundary

. _ (arbitrary)

®

Donella H. Meadows




Energy feedback

Good feedback is:
- Timely (not just fast)

- Accurate

- Relevant to system goals

Technology /
Supply . Energy use

v,

Investment

Behaviour

R=Reinforcing, B=Balancing feedback

Choices

~ / Wellbeing
Needs met
7Status/Equity

'
: act/CO2




The power of feedback

St_|_1 :St XTr

S; = State at time ¢ 2-

r = growth rate

10



The power of feedback
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The power of feedback

St_|_1 = 5; X T'(]. — St) ——
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Good feedback?

Real Time Power

Generated Energy

CO: Saved
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Page 10l 2
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LOTTO BOTH

CHOC DIGESTIVE *
CHOC DIGESTIVE *
BEETROOT
CHOPPED HAM
CHOPPED HAM
POTATOES
NEWSPAPER
BANANAS

TOTAL

4.00
0.25
0.25
90.20
0.35
0.35
0.13
0.35
0.79

96.72




Data for feedback

Data —» Information —» Message A new 50l fridge
suits your needs

1.7 kW and pays for itself
Fridge: €12 last month O in 2 years.

0.24 kgCO,, Heating: €160 last month

(options)( do it )

011000110
101111101
000000110 A 3kW heat pump

101011001 IS your best next
111010011 carbon saving step

for you
000010110 y
(options)( do it )




Judea Pearl



\What causes the sun to rise?

P‘ P(Sun | Crow)

P(Sun | do not (Crow))




\What causes the the cockerill to crow?

P )
~( N\~ ’

P(Crow | do not (Sun))

P(Crow | Sun)




How to eliminate confounders?

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

v »
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How to eliminate confounders?

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

rain mode|
& analyse

What data says
people do



Understanding demand JoyMeter.uk
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Data

the hard way
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What were you downg?
\ our activities

\ease write downy

Time

o Access Device) e
Current clamp Diary 600 Y
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Activity records
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Tea-test

S S S Hot drink x[.
l

A
I

40 -+

2
2 -
% 20 Activity reported before Activity reported after
<) kettle is used kettle is used
a.
0 -
-15 -10 -5 0 5 10 15

Accuracy of reporting d, [minutes]



Adding this to that

What is the
'marginal’  emnc

like

<}

wWaghingmachine -
Oven -
Dishwasher 2

contribution*—=+==

of activities
to demand?

Iawesds b o wde v & w o .ot

e Energy & Buldings

POIUd B OPAGE Pvin b ek b -

The speaific contributions of activities to household slecinoey demand g

Phil Coinewald', Marng Dlakonove
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MealPrep -
Pottering -
Cook on hob -
ScreenTime -
DishWashing -
Childcare -
Socialising -
Bath -
Reading -
Housework 4
Kettle -

Rest -

Work -

Shower -

Hot drink
Snack -
WashDress -'
Got home -

Prepare cold meal -

5y
4 \ "b
Q" OV ¢

N

Increases demand

Reduces demand

+600

+300

neutral

-300

= not enough data



Marginal contribution of activities to demand
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Watts this?
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DTW clusters

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 (+)

January

Eﬁgr%y spend (+)

Qém nolon 3r;m 6r;m

6alm

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

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=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=7/

(+) Average electricity use
(+) Average electricity use at 6pm
(+) Energy spend

(+) Living rent free
(-) In employment

6$m 9ém nolon Bbm Gbm

n=/4 n=>5
(+) 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

(+) Heat pump

(+) Standard tariff

n=06

(+) Average electricity use

(+) Energy spend

(+) Average electricity use at 6pm
(+) Detached house

(+) Unsure about heat pump
(+) Bungalow

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

(-) Reduce water consumption

(-) Load response in intervention
(+) Number of rooms
(+) Very likely to buy an EV
(+) Detached house

(+) Southern England

November

' _n=49

(-) Energy spend
(+) Dog owner

opm (+) Universal Credit

6am  9am noon 3plm 6plm

n=29

(-) Average electricity use at 6pm

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

(-) How many adults?

(+) No energy saving behaviours

n=42/ (+) Type of energy tariff

(+) How many rooms?

(+) How much do you spend on energy?
(-) Type of property

(+) Average electricity use at 6pm



Top 12 enjoyable activities

1. Socialising 1. Clearup

2. Reading 2. Wash dishes

3. Eating hot meal 3. Washing machine
4. Snack 4. Clear away meal
5. Exercise 5. Wash

6. Sleep 6. Travel (work)

7. Hotdrink 7. Arrange things
8. TV 8. Getting dressed
9. Gothome 9. Brush teeth

10. Eating 10. Work

11. Me time 11. Computer

12. Gardening 12. Travel (shop/service)



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

How much? What? Why?

Waste

Input System Service

Electricity Fuel  Environment Energy (mis-)use Info. Motion -Use

Gas  Sun (light)
Wood Air (temp)
Coal  Wind
Qil

H,

2
f @uue

Wellbeing

\
Technology / E m .
Systame infrastructure H e gl o v A Good feedback is:
chs k W aw; - Timely (not just fast)

Investment Behaviour ' ost/benefit .w - Accurate

Choices < act/002 @ - Relevant to system goals

R=Reinforcing, B=Balancing feedback



