3¢ i User-Centred
.4 Energy Systems

Socilal License to Automate Annex Launch Event

Morning session

Technology Collaboration Programme
by leQ



Welcome to the User
Centred Energy Systems



Logistics

I TETB cafe

e
-

=X

———

[ linvite-only [
orkshop
uravedand forum

lunich at the e e——

L
—

LEGEND
The Mucleus:

L Y Ganefal Parking
£ Medical Cenre () Bus stop

. Security Shuttie
D sery [l BED

e Kensington to
[EM EM Management g8 paddington Bus Stop

B eanx Steps
m ATM @ Gate number

EEE Construction Zone

@ Directory
B external Help Point
o Internal Help Paint
Bicycle Pump

4 Building Access

g Help Zone

{Student 1D Cards)
09/08/2018



Users apparently at the centre of the National
Electricity Objective

Balancing the
‘Energy Trilemma’ o

o ENERGY
supply SECURITY
“To promote efficient investment in, and efficient
operation and use of, electricity services for the long
term interests of consumers of electricity with respect
to —
* price, quality, safety, reliability, and security of supply of
electricity; and

* the reliability, safety and security of the national
electricity system.”

Mational Electricity Law (Schedule to the National Electricity (South Australia) Act 1996), 5.7

(World Energy ,

Council, 2016)

ENERGY ENVIRONMENTAL
EQUITY SUSTAINABILITY




They aren’t so sure

“How confident are you that the overall market is working
in your long-term interests?"” (% 7 out of 10 or higher)
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. .Wlt h S O m e re a S O n International retail electricity price comparison

Figure 1.9: Comparison of residential electricity prices (before and after taxﬁ) (Australian cents
per kWh) (May 2017 prices in Australia, 2015 prices in European countries)®
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Including growing security
and reliability challenges

Table 1 Key system changes and operational challenges

AEMO observations:
Operational and
market challenges to

reliability and security
in the NEM

Issue

What we are seeing

Operational implications

Potential avenues to address

Changing supply mix

Changing electricity demand

Changing impact of weather

More variable renewable
energy

Less dispatchable
generation

Older resources

Higher ramps for peaks
Lower minimum demand
More active consumers

More distributed energy

Y ol oY

Temperature changes

Extremity of weather
events

® Increased variability and
uncertainty in the resource mix

® |ncreased reliance on directions

® Increased variability and
uncertainty in demand

® Erosion of baseload
® |ncreased ramping requirement

¢ Increased demand

¢ Increased stress on system over
prolonged heat periods

¢ Increased risk of disruption

¢ Increased uncertainty

® Forecasting improvements

® Valuing flexible performance
e Strategic reserves

e Day-ahead markets

Integrated system planning

Forecasting improvements
Use of DER
Valuing flexible performance

Strategic reserves

Planning operating standards

Use of DER

Optimising utilisation of demand side
response — for reserves to manage
uncertainty and support greater
system resilience

Forecasting improvements



Not just an electricity sector problem

Systemic loss of faith
resiricied o 'Westemn-

1in 2 Countries Have Lost ey dingens
Faith in the System

Percant of population who beliave
the systern is not working
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And not just Australia

Do you trust your utilities/electricity providers to inform you about actions you
can take to optimize your electricity consumption?

Singapore 54%
China 419%

South Korea 40%

Denmark . [Ei

Japan I 400

South Africa I, 540

Brazil I 329

Canada I 10

United States | 297

Netherlands I 00

Australia I 30
Italy I 2 100
France I 192
Spain I 1500
United Kingdom I 170

Sweden I 150

Germany I 100 B Trust



ecogeneration

HOME  PROJECTS  RENEWABLES SOLAR  POLICY FUNDING  COMPANY UPDATES EVENT;S»

FOR CONSUMERS

Virtual power plants, real pain ... how the VPP puzzle
has brought on a mild headache

14th October, 2019 | Australia, For Consumers, For Installers, Projects, Renewables, Solar, Solar, Solar
Projects, Storage | vk

Virtual power plants made up of other people’s batteries sound like a great idea but, gee, they're a headache

to put together. Will they make it to the finish line or be overtaken by something better?

Trials of residential virtual power plants are progressing at a pace - everyone agrees - but it's not always clear
whether a comparison benchmark is the trotting velocity of a hare or a snail.

Participants 3t eRergy eonferance panel discUssions that are dedicatad 15 VBRE alwave Iosk 2 (Raugh they are
sharing a secret, Their PowerPoint presentations never give much away, and the audience is left still waiting
for the day when the winning outcomes of VPP trials are pinned to the bulletin board.

What we'd all like to know is whether virtual power plants have become real power plants. And if not today,
when?

Although the operational challenges in coordinating a varied orchestra of energy assets are pretty apparent
there is plenty of confidence that VPPs can work, says Ryan Wavish, a principal consultant at Marchment Hill
Consulting, The technelogy can perform the task, with batteries and control systems able to be integrated to
follow centralised commands. But it's sometimes the finer details that present hurdles.




Daily Telegraph
Search Q

#A NEWS BREAKING NEWS ~ NEWSLOCAL  NSW  NATIONAL  TRUECRIME  WORLD

~

I Anmony Roberts, MINISTer Tor €5 and Energy.

‘Smart’ energy meter move that
bombed, lands in NSW

[f JORO)

CONTROVERSIAL electricity smart meters — which resulted
in a politicial disaster in Victoria when they were forced upon
households in a mandatory rollout in 2009 — will be
introduced in NSW under a government plan tied to
deregulation of the electricity retail market.

But unlike their Victorian counterparts, NSW consumers will be given the

choice to voluntary take up the meters.

of the smart meters, but said he has learned a lesson from the unpopular

compulsory Victorian rollout.



Not all bad news for tech

Figure 19 — Household’s confidence in advances in technology

Survey T 44 42 13

mPositive mMeutral mMNegative



But certainly concerns...

Impact of utility control on program adoption rates.

% of sign up
(certainly + probably)

it the use o any appiances A, o
limit the use of any appliances

Your electricity provider can remotely
limit the use of certain major home
appliances, but you can choose to
reverse this course of action

23%

Your electricity provider can remotely
limit the use of certain major home
appliances and you cannot choose to
reverse this course of action

I -



Interpersonal trust attitudes, 2014

Share of people agreeing with the statement "most people can be trusted” (World Value Survey).

Modata 0% 5% 10% 20% 30% A0 30% &0% 70% 80% 20%
[ | [ I

Source: Trust {(World Values Survey (2014]) CCBY
Mote: See source for further details regarding specific survey question.



Country by country: Trust vs. GDP per capita

Shown is the share of people agreeing with the statement "most people can be trusted”.
For each country the latest available data is shown.
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Data source: World Value Survey for data on trust and Penn World Table for data on GDP per capita
This visualization is available at OurWorldinData.org. There you find the raw data and more visualizations on this topic.
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Licensed under CC-BY-5A
by the author Max Roser.



Trust Index
Mass Population
Left Behind

Avarage trust in institutions,
Informed Public va. Mass Population
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Parcent trust in government, and change from 2016 to 217 . s Yem¥ Change

Distrusted in 75% of countries

Q) Declines in 14 countries
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Business on the Brink of Distrust foanst  [Haws [

Percent trust in business, and change from 2016 to 2017 . & Yw¥ Crange

Distrusied in 13 countiries
) Declines in 18 countries
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NSW (n=404)
WIC (n=400)
QLD (n=304)

WA (n=200)

Percent

SA (n=305)
TAS (n=200)
ACT (n=204)

SE QLD (n=239)

Home energy management system

| 5 Bda &1
10 [ 78
| 6 |43 81
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4 17 79
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[ g 68
| 6 L2 a2

mAlready have = Considering Neither

SE QLD (n=239)
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Virtual power plants, real pain ... how the VPP puzzle
has brought on a mild headache

14th October, 2019 | Australia, For Consumers, For Installers, Projects, Renewables, Solar. Solar, Solar
Projects, Storage | dd#d#

AN A2

Virtual power plants made up of other people’s batteries sound like a great idea but, gee, they're a headache
ta put together. Will they make it to the finish line or be overtaken by something better?

Trials of residential virtual power plants are progressing at a pace - everyone agrees - but it's not always clear
whether a comparison benchmark is the trotting velecity of a hare o a snail.

Bartlcipants at erergy conference panel discussians that are dedicated t6 VBPS always Io8k a5 thaugh they are
sharing a secret. Their PowerPoint presentations never give much away, and the audience is left still waiting
for the day when the winning outcomes of VPP trials are pinned to the bulletin board,

What we'd all like to know is whether virtual power plants have become rea/ power plants. And if not today,
when?

Although the operational challenges in coordinating a varied orchestra of energy assets are pretty apparent
there is plenty of confidence that VPPs can work, says Ryan Wavish, a principal consultant at Marchment Hill
Consulting. The technology can perform the task, with batteries and control systems able to be integrated to
follow centralised commands. But it's sometimes the finer details that present hurdles.

EVENT:
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Figure 25 — Household’s confidence in the market

Survey 7
Survey 6
Survey 5
Survey 4
survey 3
Survey 2
Survey 1

mPositive mNeutral mNegative



Figure 19 — Household’s confidence in advances in technology

Survey 7
Survey 6 47 42 12
Survey 5 40 42 18

Survey 4 34 44 22

Survey 3 45 40 15

Survey 2

Survey 1 48 42 10

mPositive mMNeutral mNegative



Do you trust your utilities/electricity providers to inform you about actions you
can take to optimize your electricity consumption?

Singapore
China
South Korea
Denmark
Japan
South Africa
Brazil
Canada

United States

Netherlands
Australia

Italy

France

Spain

United Kingdom
Sweden

Germany

I mm—— 53
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Which factors would most discourage you from using electricity management programs?

Top three factors”

Knowing that the electricity | am saving is being
sold by my electricity provider for a profit

ot
=

It would allow electricity providers greater access
to my personal electricity consumption data

It would require me to change my
entertainment choices

2

w
<]
£

It would require me to decrease the level of
comfort in my home

It would have no positive impact on my
environmental impact

w
-3
F

w
=4
=

It would make my electricity bills
more complicated

It would increase the time required to manage my
electricity usage

o
i
£

o
3
B

It would require me to learn how to use a
new technology

Knowing that | am already one of the lowest
electricity users in my neighborhood

g

#

“All factors appeared among respandents' top three factors

Source: Understanding Consumer Preferences in Energy Efficiency
Base: All respondents



Confidence in future technology

The proportion of consumers expressing confidence that the market will deliver
technological advances to manage energy costs has increased in most markets.

consumers (up 11% to 50%).

Increases were largest in TAS (up 12% to 44%) and among small business

Thinking about the overall market outcomes, how confident are you that the
energy market will provide better outcomes for you in 5 years, in terms of
technological advances to manage your energy supply and costs?

0-10 scale, 0="not at all confident’, 10="very confident’

. Positive (7-10)

g (+a 46
o (0)
13 14 13
NSW VIC

t+51

(+1J ["123
1 | l I

Neutral (4-6) we—— Megative (0-3)

? (+5; {+113
t+2J
| 10
Business

Average positive rating
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,  Energy use reduction campaigns
\
1

, Most consumers are prepared to reduce energy use during periods of very high
demand.

« Across all markets, a strong majority say that they would be willing to reduce their
energy usage in periods of high demand and most of these say they would do so
without requiring an incentive.

« About one in four household consumers would require an incentive to do so.

As you may be aware, sometimes there are campaigns asking people to
reduce their energy use during periods of very high demand (e.g. when
everyone is using their air conditioning during very hot periods). Such
campaigns are often backed by government agencies or respected
community groups. If there was such a campaign asking that people reduce

their energy use during a very hot period, which of the following would you
be most likely to do?

58
49 48 [+6] -
: 8 +.
B 5 fe s (+3)
kS
5 5 4
1515
12 1
|I | || | : I
] | II
ACT Business

mReduce usage without incentive | Reduce usage if incentivised

= Not change usage = Not sure

Base: Household consumers (n=2,037), Small business consumers (n=285).



Trust in NGOs Declines fosms  [rasa [T
Percent trust in NGOs, and change from 2016 10 2017 . . & Y-m-¥ Change

MGOs less trusted than
business in 11 countries
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Overview

Who are we?
What are we trying to do?

How are we going to do it?

What do we want to achieve today?



Overview

Who are we?

v



Our Research: Engineering

Expertise in electricity market
design and policy

Dr Bruce: renewable energy
systems, development,

A/Prof MacGill: power systems
engineering, market design,
climate and energy policy

Dr. Roberts: residential energy,
home energy systems

Scott Ferraro: Monash NetZero
project

Dr Mike Roberts (UNSW) Scott Ferraro (Monash)



Australian Research Partners

ENERGY
Q‘ " CONSUMERS
| AUSTRALIA

UNIVERSITYof
TASMANIA

AUSTRALIA l.e“ew.

T P

MONASH University energy efficien cy public interest

COUNCIL ADVOCACY CENTRE




International Partners

FErenay Mo echiln
For Angirsanctn Wssermshatton

School of eﬁg %
Zh Mt;nzgeument and Law AIT AUSTRIAN NSTITUTE 90 I<TH %@
aw G s

V' fuper -

TR
In discussions/ %
Pending:
Arizona State N US
University Feingops

27k UNIVERSITE
) DE GENEVE




Overview

What are we trying to do?

v



Scope

Social License: ‘ongoing acceptance of a company’s operations’
often refers to project timeframes. Origins in mining industry.

Trust: verb, noun, ‘mood’?
- to do what?
- a Trust (legal structure)

Automation
- Direct load control
- Demand Response
- load shifting technologies
- Virtual Power Plants



Case Studies: Automation/DSM

Figure 1. Sample of housshold solar and demand management initiatives and announcements in Australia 2016-2018

Momington
combined energy
storage and
demand response
project,
viC

Bruny
Island
battery tnal,
TAS

Australa’s first

Tesla Powerwall Mooroolbark

installed, minigrid trial,
QLD VvIiC

2016

ACT Next Salisbury

Generation Solar Battery
Energy Storage trial,

World-first energy

trading trial with 10

households, Perth,
WA

2017

Alkimos
Beach Solar
and storage
program SA nal,
WA

United
Energy solar
and storage trial,
vic

$40 govt
commitment to
new solar and
battery storage

announced,
aLD

AER
Demand
Management
Incentive
scheme

ENA/
AEMO Open
Energy Networks
Consultation
Paper

Remote
pool control
pilot Australia-
wide

2018

AGL
launches solar
energy trading

platform in
vViC

VIC
home battery
rebates
begin

2019

Curb
Your Power
(Powershop)
DM Trial,
VvIC

Power
Change s

(Jemena) DM

trial,
viC

Virtual Power

ACT SA public AEMC to allow

housing Virtual

Plant Power Plant

‘Grid Impact’
Virtual Power Plant,

VIC and NSW

battery owners to
sell energy into the
(aggregation) market

SA Home

Battery Scheme
for 40,000 homes

Source: Nicholls L, Arcari P, Glover A, Martin R & Strengers Y. (2019) Engaging households towards the Future Grid:

experiences, expectations and emerging trends, Centre for Urban Research, RMIT University, Melbourne.



Data Collection Hypotheses

1. Context is critically important:

Users are open to some modes of engagement more than others,
or only in specific conditions. A lack of receptiveness to
automation can stem from resistance to the forms of engagement
required of users (likely to be more important than from the
principle of automation in itself).

2. Time frames matter:

Users accept automation to achieve load flexibility of only some
energy consumption practices and within some time frames.

3. Preference for levels of ‘visibility’ will vary:

Direct load control may in fact be the preferred form of automation
for some users where it can keep load shifting and shaving
‘invisible’ or imperceptible



Data Collection Hypotheses

4. Ability of users to retain control will impact receptiveness to
automation

5. Fair Compensation through money or recognition will influences
users’ willingness to cede control

6. Why: Transparency about the rationale for automation in DSM,
as well as about the ways in which different actors may benefit
from it, can increase receptiveness to automation.

/. Ownership (in broadest sense) matters: A sense of a stake in
successful DSM, and ownership over how it is undertaken, can
Increase receptiveness to automation.



Overview

How are we planning to get there?

v



Themes within the
literature on
automation for
DSM

The load flexibility
achieved through
automation

Observations

As an alternative to behavioural
change or manual response
approaches in DSM, automation
(both semi-automation and direct
load control) is designed to achieve
flexibility on behalf of the user,
reducing the need for their active
engagement. However, automation
itself also necessitates new forms
of user engagement, including
managing automation technologies
(e.g. programming smart
appliances) and changing
household practices to
accommodate an automated
flexible load. Studies of existing
and prospective users have
documented a variety of responses
to what automation does or would
require of them.

Relevant sources

Some users have e.g. expressed ‘fears
about the time and energy required’ to
manage the automation technologies
themselves (Paetz et al 2012). At least
some of the householders participating
in existing DSM programs have
experienced the changes to their
household practices associated with
load shifting as inconvenient and
disruptive (Pallesen and Jenle 2018;
Christensen and Friis 2016), while
focus group participants in studies
exploring perspectives on the prospect
of automation have raised concerns
about possible disruption to important
practices such as family mealtimes
(Murtagh et al 2014; Paetz et al 2012).

Possible
approaches and
cases for
investigation

Hypothesis

Users are open to
some modes of
engagement more
than others, or only in
specific conditions. A
lack of receptiveness
to automation can
stem from resistance
to the forms of
engagement required
of users (perhaps
more than from the
principle of
automation in itself).



Work Plan: two streams

1. Country profiles documenting key cultural and
policy factors shaping trust in automated load
control and energy management.

Output: country profile reports

Responsibilities: National experts, with assistance
from operating agents

2. Documentary and Case Study Subtasks
A) The user’s sense of control over their energy
use: Trusted infrastructures Fieldwork (primarily)



B) Socio-technical making of automation and load
flexibility
Fieldwork (primarily)

C) Designing and Aligning Institutional Interests
Desktop analysis (primarily)

D) Policy and Regulatory Analysis
Desktop analysis (primarily)



Questions, comments, suggestions:

d.kuch@unsw.edu.au

YYYYYY
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UsersTCP

Humans use energy
through technologies to
fulfil social functions.
We shape, and are
shaped by, the
technologies we use.

All technologies,
business models,
energy policies and
programmes contain a
model of human
behaviour.

Systems tell people how to act.
People tell systems how to change

Ve

Social

Social

structures

\

/Technical

Possibilities

(S

Individual <:D
behaviour

)




e Energy is a socio-technical system
UsersTCP
N atiOnaI Energy Intensity x Consum|.3tion Intensity x Population Size
= Energy Input | Service Demand, Number of

energy Service Unit Capita Citizens

TmwamtoRs o anaMenybeneed

_______ » w B A e I
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mmmmmmmmmmmm
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e Energy Is a socio-technical system
UsersTCP

N atiOnaI Energy Intensity x Consumption Intensity x Population Size
= Energy Input , Service Demand, Number of

* Physical Infrastructures: Cycling lanes; heat networks; etc

 Temporal structures: Work times; School times; holidays; etc *

« Social structures: Social norms; cultural expectations; social practices;

* Psychological structures: Habits and routines; role modelling; etc

* Legal structures: speed limits; property ownership; collaborative economy; etc
* Economic structures: taxes & charges; subsidies; etc

 Knowledge and skills: Information campaigns; skills training; etc

* Service demand depends how we structure society: | Q |



Reshaping energy: Major challenges
Use.rs:I'CP
Socially regressive Recruiting talent Socially progressive
Industry: investment + recruitment and retention of talent
Centralised Asset location, ownership & governance Distributed
Regulators: Adoption of DERs
Cost minimisation Consumer engagement Value maximisation

-———

Industry: attraction and retention of customers



UsersTCP
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UsersTCP

Distributed assets
& governance

Centralised
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Distributed
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il Consumer engagement through value engineering
UsersTCP
* Cost engineering
e Approach of energy industry, regulators and planners
* Energy planning based on whole energy system cost minimization
* Energy is a homogenous good differentiated only by price
* Energy suppliers have a temporal monopoly
* Value engineering
e Approach of ICT & Fin.Tech sector + principles based regulation
* Energy planning based on whole energy system value maximization

» Reflects consumer expectations of constant value added services
* Uses energy data to make differentiable goods that create consumer value



Bt Consumer engagement through value engineering
UsersTCP

* Maximising consumer engagement.
* |dentifying the social, psychological and financial value to consumers.

e Design one platform that delivers multiple value streams (social, psychological and
financial)

* Designing intuitive interfaces with smart defaults and overrides that deliver value(s)
to consumers.

* Maximising the ‘double-dividend’ (saving + shifting) of self-consumption through
increased engagement and salience.

* Minimising social costs
* Working out how to equitably socialise the cost of a robust universal energy service.

* Avoiding social marginalisation arising from product differentiation and ‘energy
gated’ communities.



R Key challenge: Socially equitable energy pricing
UsersTCP

€
Varibale Electricity
bill
Power system costs
of suppling that energy
Economic
equilibrium
Fixed
e EEe——)
Subsidized clients | Subsidizer clients
System cost  Consumer’s kWh

structure bill

* Source: Ana Quelhas, EDP, Designing electricity retail tariffs to promote decarbonization

* Oxford Institute for Energy Studies Electricity Day, Oxford, November 7, 2018



BeGs Constructing consumer value
UsersTCP
* Consumer are disengaged with energy

* It’s hard to get excited about a ubiquitous homogenous product

* The current system is designed for consumer disengagement.
* Like money, energy has no intrinsic value. The problems are very similar to those of banking. Like

money, there is a lack of trust in market actors
e Lack of value(s)

* Energy is an undifferentiated intermediary good that needs to be linked to non-energy values
to engage customers

* Consumers want good energy-enabled services
* People like appliances (for convenience and social signaling)

* People like the services appliances and their ecosystems provide
* People like the services energy data can provide



- The great energy industry consumer disconnect
UsersTCP

e Consumer organisations: Minimum price for customers
e Suppliers: Minimum price for customers

 Distribution Network Operators: Power management

* Transmission Network Operators: Energy management
 Government: More renewables integration

* Environmental organisations: Carbon management

* Market Makers: Energy & Power management

* New Entrants: Energy management

* Analysts/Academics: Energy management

* Consumers: Comfort; convenience; health; social acceptability; risk;
money; environment.



Ry The great energy industry consumer disconnect
UsersTCP

’Welcomsz-home’: have your home warm and ready when you arrive (currently
available

‘Ghost-guard’: maintaining energy & appliance use patterns (lights, radio, etc)
while you are away.

‘Think-ahead’: Supermarkets’ home delivery pre-chills your fridge/freezer.

’Bene{it—bit’: link your Fitbit to your AC unit to pre-emptively cool your home as
activity level rises

‘Movie-mood’: download heat & light effects to accompany your favourite
movies.

‘Healthy-home’: While on holiday, drive 3fou home temperature and relative
humidity levels to create conditions to kill mould & dust-mites.

‘Fault-finder’: Diagnose faulty appliances before they fail — avoid high price
distress purchases

‘Trade-checker”: Run diaEnostic tests on your building fabric and equipment to
ensure tradesmen’s work has been done correctly.



i The value of electricity as a data vector
UsersTCP
* Non-Intrusive Load Monitoring (NILM) can be used to virtually sub-
meter appliances. This supports customer value through:
* Disaggregated billing (low consumer interest)

* Enhanced appliance-level feedback (low consumer interest)

* Hazard reduction - e.g. fire risk appliances (interest to home insurers which
pass lower premiums on to consumers)

* Appliance use monitoring (interest for reminders appliance ecosystem
product and service providers)

* Appliance condition monitoring (more consumer and manufacturer interest)

 MIT have shown that high frequency electricity monitoring can be
used to identify what TV channel you are likely to be watching or
what website you are likely to be browsing.



Heeusii What happens when the value of electricity as a
UsereTeP data vector becomes significant?

Profit on data
* To what extent are the value of +ve

energy data, and the value of fa&aNs 4

energy aligned? \ Ererey

* What does this graph look like? \/
(I don’t know — but | know it’s .ve < S e
important) Profit on energy

-ve



’:t:-f-:.:-f-:fz'f: A Dystopian turn: Survelillance capitalism and

UsersTCP behavioural prediction markets
* 'A new economic order that claims human experience as

e e free raw material for hidden commercial practices of
SURVEILLANCE extraction, prediction and sales.” (Zuboff 2019)

CAPITALISM e ‘Behavioural prediction markets’ entail predicting or

THE EIGHT EOR & altering consumer behavior for targeted advertising.

| LB * Google’s Nest thermostat entails over 1000 contracts

and privacy agreements.
SHOSHANA * Queen Mary University Legal Studies Research Paper No. 219/2016
2UBORE * Energy data can support targeted advertising inside the

home delivering convenience and service to customers
Prof. Shoshana Zuboff — (at a price)_

Harvard business school



% ¥ AUtopian turn: Local

UsereTCP energy for social value

e Supports communities through:
* Local skills, education & training
* Keeps money in community
* Supports collaborative economy
* Provides local energy resilience

e Supports CSR through profile matching:

e Supermarkets buy from Schools during
summer holidays

* Homes donate to schools during term
» Defense support local community
* Etc

[Ref: http://communityenergyengland.org/wp-content/uploads/2015/10/Infographic 2015 Combined.pdf]
[Ref: Community energy in the UK: A review of the evidence, Call for Evidence responses.]



http://communityenergyengland.org/wp-content/uploads/2015/10/Infographic_2015_Combined.pdf

Consumer demand for local energy in an Multiple
Supplier Models

UsersTCP

(o]
o

Nicole Watson <nicole.watson.17@ucl.ac.uk>

=2
o

N
o

Percentage of sample (%)
S
o

Combined default Active choice Single default

- Added on local energy in MSM . Stayed with current tariff




Engagement with local energy in Multiple Supplier
Model vs Supplier Hub Model

UsersTCP
Nicole Watson <nicole.watson.17@ucl.ac.uk>

— N
o o

Percentage of sample (%)
N
o

Approached by current supplier Approached by new local supplier
(experiment 1) (experiment 2 - MSM condition)

. Did not engage with local energy . Engaged with local energy




il CommUNITY — Brixton — London
UsersTCP o Residents: 62 apartments with pre-pay meters, gas central heating,
electric immersion heaters. Paying ~14p/kWh

* Generation: 37kWp rooftop PV supplying landlord load (communal
lighting + one lift). > 90% of power exported. Payed FITs ~4p/kWh.
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i CommUNITY — Brixton — London !
UsersTCP
 Maximises self-consumption

* P2P market floats between import (~*14p/kWh) and
export (~4p/kWh).

* Local benefits:
e Saves residents 10-20% on electricity
e Pays more to community cooperative that owns PV
 Provides local grid balancing services to DSO

 Wider benefits through demonstrating:
1. Viability of P2P model for multi occupancy buildings

2. Social value stacking for consumer engagement in local
energy

3. Financial value stacking for PV in urban area




e Transactive energy
JsersTCh Colombia Project

e Community energy scheme in
Comuna 13 — Medellin.

. Soual stratal & 2

Semi-formal communities on mountains
around Medellin.

* Mostly low rise with roof space.
 Pay “median -20%/kWh

e Socialstrata5& 4
Wealthy communities in central Medellin.

* Mostly high-rise flats with no roof space
 Pay *median +60%/kWh

* Generation and storage embedded in
valued local community center




Transactive energy
Colombia Project




.45 Users TCP:

UsersTCP Wh at We Offe I

A platform for research
collaboration on socio-technical
energy issues that is:

* Legally based in OECD agreements and
mandates

« Designed to bridge industry, research and
policy making communities

* Pre-competitive and technology neutral

» Policy and regulatory focused at national and
international scales

» Geographically inclusive at the OECD level
and beyond

« Offers rapid scalability of research outcomes
and impacts
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About Us

User-Centered

Energy Systems The User-Centred Energy

Systems mission is to provide
evidence from socio-technical
research

on the design, social
acceptance and usability of
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and Automation

Oct 2019
Mike Roberts

School of Photovoltaic and Renewable Energy Engineering
Centre for Energy and Environmental Markets

CRCP
Smart Home Energy Management Systems

solar @) analytics
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User attitudes to Smart HEMS



CRC-P Smart HEMS Project
Monday 21 October 2019 >

12am 6am 12pm 6pm 12am

produced [ consumed

1) Understand prosumer motivations, behaviours, attitudes and needs.

?) Help prosumers to shift loads to increase solar self-consumption

?) Enable user’s DERs to respond to network signals

et solar €| analytics



Data

1) Online survey of Solar Analytics customers (120)
* Highly energy-engaged solar prosumers - “Early majority” (Rogers, 2015)

2) Online survey - green tech social media (41)
* |nvited ‘Smart HEMS Users’ but many don’t have Smart HEMS
* Highly energy-engaged “innovators”

3) Semi-structured in-depth interviews (24)
* Selected from above, categorised by motivation

Not representative of all energy users, highly self-selecting,
but there are insights to be gained:
* Innovators are an exceptional stakeholder group (Sovacool, 2018)

* Importance of early adopters as partners (Strengers et al., 2019)

St N kickstand solar @ analytics



Motivations for buying solar and batteries / for managing energy

e Bill saving is the most important motivation

* BUT multiple motivations combine in decision making e.g. solar / batteries
(environmental / social / comfort / independence)

* Cost savings can be a proxy for carbon reduction (and visa-versa)

» Segmentation by motivation obscures complexity.

Need to address multiple (complementary and conflicting) motivations

e.g. articulate the broader benefits of managing the grid as well as market opportunity:
* carbon benefits (increased DER capacity)

e societal benefits

* broader financial benefits (avoided network augmentation)

Centre for Energy and SO | a r a na |yt|CS

Environmental Markets



Existing load-shifting behaviour?

Air-
conditioning
(5)
Appliances (19) Hot Water (1)

Shifting loads to increase self consumption / reduce bills / reduce carbon
..but the effects (kWh, S, kgCO,) are (almost) never quantified.

it solar @y analytics



User Needs Segmentation?

Stay at home

- Automation
[ Advisory notifications ] At home [ At home +
Control <zt Automation Flexibility
o
-
&)
Manual Control AUTOMATION 8 PREFERENCE Automation
(1
. o =
Advisory notifications =
+ Remote E Remote Set & Forget
Online Control Control =l Automation Automation

Working away
"
A
e

Centre for Energy and SO | a r ‘ a na |yt|CS

Environmental Markets



Responsibility

solar @) analytics
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Does it spark joy?

Householder responses to network
aware coordination on Bruny Island

Battery Storage and
F\ Grid Integration
=~ Program

An initiative of The Australian National Universit,

Australian
S National
University

Hedda Ransan-Cooper

Battery Storage and Grid Integration Program
(BSGIP)
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CONSORT

Bruny Island Battery Trial

Social Research Team:

Professor Heather Lovell (Team Lead) University of Tasmania
Dr Phillipa Watson University of Tasmania

Dr Hedda Ransan-Cooper Australian National University
Veryan Hann University of Tasmania

Dr Andrew Harwood University of Tasmania

Australian .
. UNIVERSITY of ez d| THE UNIVERSITY OF
National TASMANIA aiy SYDNEY
9 University N
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Salient findings

1. Multiple components raise questions
about accountability

Nobody seems to be really on top of knowing. | don’t think
from beginning to end there’s been enough actual information
of how it all works and how it all happens. And that’s | think
there should have been a lot more information. It shouldn’t
just have come from the installer. It should have come from
the program itself. They needed to write the idiots guide,
basically. BT 112

Well, look, in summary, | would say it's a problem for us that we can’t get
consistent information. Sometimes, we don’t even feel that we can get answers.
...Sometimes, we feel we get them but they're conflicting, not consistent. BT113

4
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Sezy University

Salient findings

2. Cautious response to automation

| would like to be able to say, “Charge it up now,” because
| know, as opposed to the software, that tonight’s going to,
you know, whatever. We’re going to have lots of people
round or we’re going to be cooking big meals or, | don’t
know, whatever it happens to be. But we currently don’t
have that facility. BT132
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& National

Sy UniverSity

Salient findings

3. When householders are overwhelmed,
tendency to get stronger emotional/gut feel
responses — trust becomes even more
important

... as does the tech providing other values
e.g. backup.



Australian

: & National
snezay University

Positive experiences

 Empowerment through energy monitoring

* Tech in line with local environmental and
community values

 Back up

* Personal growth through learning about
new tech
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https://www.engerati.com/webinars/emerging-technologies-artificial-intelligence-energy-retail

The 4" Industrial Revolution

Figure 2
Industrial revolutions one to four

Industry 1.0

End of 18th century

Sgurce Fraunhote A0 J013

Industry 2.0

Beginning of 20th century

Industry 3.0

3. Industrial revolution
further automation of

production through use
of electronics and IT

Beginning of 1970s

Industry 4.0

4, Industrial revolution
on the basis of
cyber-physical systems

Today

Levels of complexity

The University of Sydney

Page 2



Industry 4.0

Soure Forichungiunicnoateds 23 105 af tey

Figure 3
Industry 4.0 drivers and their consequences
Smart objects
Networking
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Recent developments within the Australian energy
sector

— Widespread deployment of renewable energy
— Increasing deployment of storage

— The development of more decentralised networks, greater
distributed generation and more embedded generation and
networks.

— New business models such as peer-to-peer energy trading
which are “smart,” based on artificial intelligence and mass
digitisation within every aspect of the energy market.

The University of Sydney Page 4



So what does a future energy market look like?

THE UNIVERSITY OF

SYDNEY




Digital technologies like big data, analytics and machine learning,
blockchain, distributed energy resource management, and cloud
computing, can help overcome some of the key challenges in the

energy sector—most notably intermittency, aging grids, balancing

distribution-connected generation, managing consumer self-
generation, and coping with increasing system complexity.

— Digitalization and Energy, International Energy Agency, 2017,11

THE UNIVERSITY OF

SYDNEY




The future energy market?

— Digitisation and the use of artificial intelligence accelerates
and new prosumer models emerge

— Blockchain technology

— Digital ledgers -

— The advent of smart contracts —

Medium term power contracts Transactive contracts

The University of Sydney Page 7



The biggest shift: the use of disaggregated energy
data generated by Al

Appliance Signatures
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Uses of artificial intelligence in the energy sector:

1. Predictive maintenance (using algorithms to keep key
machinery functioning more efficiently by avoiding machine
failure, optimising maintenance activities and minimising
downtime).

2. Provide consumers with data (using nudge behavioural
economic theory) to help them improve their energy
consumption patterns to improve efficiency and lower their

energy costs.

3. Improve grid stability and system balancing associated with
growing amounts of renewable energy on the grid.

The University of Sydney Page 9



Other uses

Yol THE TECHNeLe Y

— Provide detailed insights as
to how individual data

subjects spend their private

lives
— Enable better marketing of
products and services

THE BATTLE wE ALL F AcE

The University of Sydney Page 10


https://seekingdelphi.com/2017/04/20/podcast-11-will-artificial-intelligence-kill-your-job/

By 2040, 1 billion households and 11 billion smart appliances could
actively participate in interconnected electricity systems.

— Digitalization and Energy, International Energy Agency, 2017

THE UNIVERSITY OF

SYDNEY




This poses new risks for consumers and market
participants

THE UNIVERSITY OF

SYDNEY




New risks? New rewards?

— This transformation will increase complexity within the sector
and pose new risks for consumers and market participants.

— This transformation of the energy sector offers potentially huge
rewards for market participants, with US$718 billion invested
in the electricity sector worldwide in 2016 alone.

The University of Sydney Page 13



What type of risks?

5 key types of risks can be identified:

A OB

The Univers

Risks arising from the use of big data
Risks arising from increased complexity
Risks arising from the changing market structure

Risks arising in respect of consumer protection and changing
legal standards

Risks emerging from a breach of “smart contracts”

ity of Sydney

Page 14



What does this mean for regulators?

— Regulation has not kept pace with the speed of technical
developments and their applications.

— However, reforming policies that unintentionally block or deter
entry by disruptive firms can be a challenging task because
those policies usually serve other, legitimate objectives.

The University of Sydney Page 15



What does this mean for energy regulators?

— At the moment, the delayed action by regulators has led to
concerns about regulatory uncertainty.

— Energy regulators need to be more agile and communicate
more openly with a broader array of other regulators and
stakeholders.

— The Finnish Model: Using artificial intelligence and big data to
engage in long-term planning and coordinated action.

The University of Sydney Page 16



What roles might we expect regulators to play in the
era of Energy 4.0?

— Consumer protection (esp. of vulnerable consumers) and safety.
— Emergency, resiliency and system security.
— Privacy

— Providing data or mandating the provision of information
suitable for cost comparison.

— Incentives provided to optimise the system as a whole

— Competition

The University of Sydney Page 17



A further challenge: regulating ‘“state-remote”
networks

Many of the artificial intelligence and mass digitisation
technologies that the energy sector is seeking to adopt, were
conceived of as “state-remote networks, ie networks entirely self-
governed on the basis of consensus amongst their users.”

However, if there is widescale adoption of these technologies,
regulation will inevitably be required.

The University of Sydney Page 18



Conclusions

— Artificial intelligence and mass digitisation is going to
profoundly revolutionise the energy sector.

— This provides new opportunities but also presents very real
challenges around the use of big data, the complexity of the
systems, consumer protection and smart contracts.

— The current governance model used in the energy sector lacks
transparency and is arguably, not in the democratic interests of
citizens who participate in the market

— Need a coordinated approach that supports the optimal use of
technology and supports flexibility within the market.

— The Finnish Model as a solution?

The University of Sydney Page 19



Renewable Energy Law

An International Assessment

Penelope Crossley

Dr Penelope Crossley

Senior Lecturer, Sydney Law School

THE UNIVERSITY OF SYDNEY
Room 416, New Law Building

The University of Sydney | NSW | 2006
T+61 293510388

E penelope.crossley @sydney.edu.au

CAMBRIDGE
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