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Why are we here?

Climate change
— Sustainability
— Energy
— Generation
— Demand
— Energy service



Why are we here...?
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Supply matters: it's the economy cifter an
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The transition becomes more socio-technical
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Changing a socio-technical system: systematically

Goals/paradigm GDP, net zero, use less
Meet needs

Rules/structure Pay per kWh
Pay for energy service

Feedbacks Bills, In-home-displays (IHD)
Analytics, needs met

Parameters Network operators, supplier, generator
Distributed systems (fractal grids)
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The Sun 2.5MW /person
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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 * 5 trips 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



Energy service needs
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Thinking in Systems

_______ System boundary

Donella H. Meadows - o

.’ *._ (arbitrary)




Energy feedback

Good feedback is:
- Timely (not just fast)
- Accurate

- Relevant to system goals

\’ﬁ/y Wellbeing
Supply Technology / Energy use | | eeds met
Systems mfr::(t)rizgtsure choices 7Status/Equity

_J
Investment Behaviour ost/benefit
Choices <= act/CO2

I

R=Reinforcing, B=Balancing feedback



The power of feedback

St_|_1 :St X7Tr

S; = State at time ¢ 2°

r = growth rate
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The power of feedback

0.9 -
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S; = State at time ¢ 0.3- r=1 . 5

r = growth rate



The power of feedback

St_|_1 = S5 X 7'(]. — St) ——
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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
Oil

H,

2
fff @uasn

Wellbeing

\"ﬁ’/'
Technology / E Needs met .
Systame infrastructure H prabogy A Good feedback is:
choices < 7 - Timely (not just fast)
Investment B

ehaviour ost/benefit
=0 Choices <« act/CO2

- Accurate
nvironmen - Relevant to system goals

R=Reinforcing, B=Balancing feedback



Judea Pearl



\What causes the sun to rise?

A P(Sun | Crow)

P(Sun | do not (Crow))




\What causes the the cockerill to crow?

[ o
’

P(Crow | Sun)

P(Crow | do not (Sun))




How to eliminate confounders?

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

Observe (intervene)
& analyse

What data says
people do



Understanding demand JoyMeter.uk
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Activity records
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Marginal contribution of activities to demand
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Enjoyment of activities and demand
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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

E;g’r%y spend (+)

9a;m nolon 3p;m 6§m

6am

=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="/

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

(+) Living rent free
(-) In employment

6a;m 9ém nolon 3p;m 6§m

n=74 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=6

(+) 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

1249
(-) Energy spend
(+) Dog owner

opm (+) Universal Credit

6am  9am noon Bbm 6bm

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



Model vs Reality: EPCs are poor preditors of demand
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https://doi.org/10.1016/j.enbuild.2023.113024



No data: | think... heat pumps don't work on cold days

P(Heat pump COP | Temperature)

—>




Some data: heat pumps work on cold days
and even better in efficient homes
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Credit: Sofia Perelli-Rocco, Energy Systems MSc 2022/23 and ChatGPT



Big data: \What improves heat pump performance?

P(HP | Confounders) P(HPP | Confounders)
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Observation is not enough - make a change

No data Little data Big data
Understanding  What do I think What do peope think What does data say
Demand people do they do people do
Changing What I think What peope think What data says
Demand people would do, if... they would do, if... people did do, when...



No data: | think... demand falls when prices rise

P(Demand | Price)

P(Demand | do (Price))



Little data: demand falls when prices rise

30 -

Price

p/kWh

P(Demand | do Price)
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£4,279

Price cap:



Medium data: negative price elasiticity?
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Big data: ... it depends
Price elasticity is weak and depends on circumstances
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Causal model: What causes energy demand to change?

Weather Social norms

@ @
9 O @ ~opliance use

Occupancy Energy needs

. o[

Energy price Energy use

Disposable income



No data: | think... people will never give up dinner for DSR

Pleage, P(E | Life)
) Keep a diary

2) Reduce demand
5pm to 7pm

P(E | Life + do (Ask))



Little Data: Control and intervention:
Responses are significant, repeatable and effective
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Big data: \Who/what delivers demand side responses?

P(Measure | Confounders) P(DSR | Confounders)
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"Understanding human behaviour isn't rocket science

— it's harder"

Edward Tufte




Power explorer:

energy-use.org/data

19% 737 days 29 homes
+10.9% Watt

Month (0-11)

Year (2020-2023)
2020

L2022

Household
Children (0-3)

Affordability (0-5)
"0 |



“edolf Energy Demand Observatory and Laboratory
-‘.'.‘.‘- and Forensics
Observatory L aboratories  Forensics
Non-intrusive, low-cost, Experimental, innovative, In-depth, qualitative,
validated, scalable controlled, problem led targeted, data led

©@) Sensor
loT Appliances trials
& Sensors \ ((‘))) / @ High USers

Mobiles
n=200 n<20\
cOAD Heat
M— ®= @Flexible users
—
T
Smartl\/\eters
Early adopters
n=2000 D @\ y adop
Engagement

Reslg)b.r{s:ilve o @\[] Responsive
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Key development steps
1) Identify and validate technology options
2) Minimise the need for hardware and intrusion

3) Use accessible sources of data



Smart meter acces
\_Preconfigured

(HAN
S

Continuous upload
8 24 hour data buffer

_extra instruments

J
[ GSM SIM \\

J
( Access point for

J

-
Mains powered

.

Measure mains voltage

S

J

Smart plug @

Optional appliance meter

(( On-board sensing
Temperature
Light level (hue)
CO,, H,0, noise
N\

(@

Mobile signal
counter
(for occupancy)

2\ User access

Via email with

postcode validation
J

[ 'Fridge' magnet @

Accoustics
Light-level...

Temperature/RH

hub
Low power, battery

Auto-mesh with
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©°®°,%90

. edol It is unclear what is sensitive and why

®e. . O

Energy use? EPCs are public

O Occupancy? Lights and windows

110100
000110
110100
000001

Practices? Prof

are visible to all

Privacy? Spying spouses

les reveal faith

Identity? How unique is the data



/, \\ How much smart meter data does it take
@, to uniquely identify you?

On average less than
5 readings with
| 50W precision

People with the same profile

5 10 15 20
Number of half hour periods



. edol Linking can turn harmless data into revealing data
oc e
Smart
/ Insurance
Data \ Data

collector 1 collector 2
k

: 000110 Anonymised

Anonymised So000 UUW - smart meter data

- health records

- 1 day of smart meter data - no personal info
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.-edol We need to de-identify data

"°¢"*  while maintaining data integrity
Approaches

1) Aggregate Rule of "10' (or 3?) - arbitrary, defusing and unreliable
2) Cluster Maintains some relevant features (e.g. heat pump cluster)

3) Synthesise Allows to generate even hypothetical profiles



. edol Interested?

Get in touch!

-:-e oIEnergy <@) CentreforNetZero C R DS

// DEPARTMENT OF
1
Turn energy data
into a force for good
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Fully funded”
DPhil in Energy Data Privacy

Energy equity, security and decarbonisation
can benefit from ethical uses of personal data.
Oxford has access to large personal data sets.

Apply machine learning tools to synthesise

and share them responsibly.

Start October 2024 - see edol.uk/dphil
“for home students

..". UK
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