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1. Appendix: Questions via Deliberations

Table 1. Climate change

Theme Questions from participants

Is it (even) possible to achieve net-zero emissions?

What evidence is there that humans are causing climate change?
Is there a predicted 'point of no return'? Is there a point of no return? A tipping point where we

Net-zero can say it's too late to act?
emissions ) -
and Is the economy more important than climate change?

climate change  Does this mean it is getting hotter with less rain?

Has increased freshwater (as a result of increased Arctic and Antarctic melting and

subsequent Ocean flows) been factored in? | noticed a minimal impact on the Californian

coast.

How much of a responsibility does Australia have to solve this global issue?

What can we do now that is small and simple? What can | do personally today or tomorrow to
What role can help? Will individual contributions make a difference? What can we all do then? As everyday
Australian's citizens, what are some real changes we can make in our active/everyday lives to limit our
play? personal impacts on the climate? What can we, as individuals, do to affect the blue line and

positively impact climate change?

What can we do as individuals, governments, and big corporations?

What can we

do as Who owns our energy companies?
individuals,

governments,

and big How much energy went into exports?
corporations?

Table 2. Biogas

Questions from participants
Could food waste gasses be used?

Harvest Gamba Grass and make biogas. 3 birds with 1 stone - New energy source, weed
management, reductions to CO2 emissions. Could be a worthy research project
Can existing sewer systems be used to produce Biomethane?

Understanding
biogas and [Biogas from] human waste?
how it is made

| heard that cows contribute the vast majority of methane to our environment. Would we have
another apparatus to siphon or collect this from them? | wonder if this were implemented;
would that reduce the uptake by communities concerned about animals?

Biomethane production requires energy, is this efficient?

If the methane is already being produced we may as well use it. Is the waste to energy plant in
WA biomethane then? Is this what it is?
Can we harvest methane - another highly volatile gas - in the same way the previous
Biogas vs Pro_fessor mentioned harvesting hydrogen - it looks like the same cost & learning curve...
waste-to- Difficult to harness CH4 compared to H2

energy plants How feasible would it be just to build plants on top of existing landfill locations?

Is the Waste to Energy Power Plant uses biomethane?

Does it solve the waste problem though or just change it to another problem?

Could this system be localised to each district in a cost-effective way and dealt with locally?

Has there been some study into the idea of single-household systems? As in, how much of the
average household power requirements can be met by the average household waste
Biogas at home production?
orin the Is it a feasible option that in the future individual houses could have their own small biogas
neighbourhood  collection system in place to power their property?
Could bio-methane be collected from residential septic systems to power a household?

Might this be a good local source of energy in long term emergency events if other systems go
down?
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Questions from participants
How will they collect food and animal waste? If people do not want to do that. Will that affect
the levels.

Can we incentivise households for roadside pickup? (e.g. via financial reimbursement)

How will they collect food and animal waste? If people do not want to do that. Will that affect
the levels.
Biogas costs How cost-effective would biogas be? Would it be more cost-effective?
and
affordability
Biogas and Does biogas smell?
amenity

Methane is quite costly, so how affordable?

Why don't we hear about this energy? It's all about solar and wind but we don't hear about
this? It solves the waste problem as well, so could be a good thing.
Australian Biogas sounds really exciting, how soon would it be able to be rolled out and what are some of
policy on the challenges that are being faced in a nation-wide rollout?
bioenergy What policy has been [enacted] to promote this initiative?

How does the overlap between the current and new energy system looks like?

How much CO2 does it actually emit?

Precisely how much CO2 will be released in producing Biomethane?

Biogas and But biogas still produces CO2 when burnt, isn't that what we are trying to get rid of? Why can't
emissions we just get rid of CO2 from methane?
How much CO2 is emitted in the process of creating biogas?

How worthwhile is it to invest considering trade-offs? Carbon emissions?

You could use Biomethane to produce Hydrogen?

Does pure Biomethane have special use cases?

How can we infuse more than 10% H2 into biomethane?

Us(ijng biogas Can we combine hydrogen and biogas?
an

biomethane

Can biomethane mix with hydrogen?

As consumers, are we going to need to decide which type of future fuel we use in our
household etc, or would it depend on what is available in our local area?

What action can an individual or special interest groups do to accelerate the transition of future
fuels to society?

Table 3. Hydrogen

Theme Questions from participants

In a hydrogen car is there an increased risk of explosion during an accident compared to a
petrol car?

User experience will be similar...volatility risk is xx% greater?

What is the risk for accident for H2 vehicles compared with current? Would it provide a steadier
price?

How safe is hydrogen in a vehicle?

How safe are the hydrogen tanks in vehicles?

Hydrogen cars - what happens in an accident? Are they any more dangerous than current
Hydrogen and  yahicles?
safety

Have they done due diligence on safety? thinking of Hindenburg, etc. Will they be safe?
Canada has used Propane for years...hydrogen is simply far more volatile - fuel tanks would
need to be 5 times thicker...

In terms of hydrogen fires will fire fighters need to be trained in dealing with that differently and
does that open new opportunities for employment?

Is hydrogen better option than nuclear?

Cost and the benefits over nuclear for hydrogen

Why isn't Australia looking at Nuclear anytime soon?

Fuel cells, Will solar-hydrogen storage system on a vehicle able to be used for outdoor recreation activities
passenger and still have enough fuel for commuting?

vehicles and H2 car range... Kg's of H2 per KM for H2 vehicles?
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Theme Questions from participants

public
transport

Emissions
and
environmental
impacts

Infrastructure,
timeframes
and costs

How does the weight of the hydrogen tanks compare to petrol/diesel?

Is it only Toyota making hydrogen cars? Is Hyundai? Is a Korean company looking at this as
well? (the context is assumed to be around Hydrogen vehicles)

Will hydrogen fuelled devices be designed only for hydrogen combustion and cannot be used
with other form of fuel?

Are there going to be hybrid hydrogen cars?
How will it compare to electric vehicle cost?

Is hydrogen intended to replace other alternative fuel uses, such as electric vehicles?

If the only emission made from a hydrogen fuel cell is water, then why are battery powered
vehicles winning the 'arms race' (as it were) towards the next phase of vehicular transport?

Would like to know how fuel cells work and how it converts to energy?

Can you retrofit existing cars to become hydrogen? Such as with cars using LPG?
Perth Hydrogen Bus Trial results?

Interesting question about hydrogen fuel cells in bus trial in WA?

Are there still CO2 emissions from producing hydrogen?

Do different types of hydrogen have different levels of "green"?

CCS Hydrogen - What is done with the Emissions and what are the risks?

With carbon dioxide storage would it be bad for the ground it goes into? Is it sacrificing the
ground for the atmosphere?

Are there any predicted future detractors with using hydrogen as a fuel source? Currently it
looks as though there are only positive outcomes - which I'm sure could have been the case in
the early days of burning fossil fuels as an energy source?

Does Australia have enough water to support green hydrogen?

[Hydrogen] Fuel source for private cars? Will they use current infrastructure?

What will be the timeframe for [battery] electric cars to be accessible to the consumer?
How fast can we build these refuelling plants vs. how fast will they be built?

How does it translate to rural and remote? Who is helping?

What are the plans for transitioning to hydrogen? How will it happen?

What sort of timeframes is expected before it can be readily available like petrol/diesel?

10% injection into gas pipelines changed up and so would the appliances. Is that a new unit?
Do people have to change heaters?

Is hydrogen a fuel source that will eventually be depleted from use?

How does it work if we have to use energy to get [hydrogen] energy - do we make enough to
make it worthwhile?

It requires energy to create hydrogen...and that creates CO2...what is the recovered % ... is it
that viable? Or are there other alternatives that are close?

Process in reducing the cost - how soon it might happen. How would they reduce cost to make it
more consumer friendly?

What are the cost of going hydrogen? Are the costs higher or lower with Hydrogen?

How much does it cost to make hydrogen renewable energy?

What is the timeframe on getting it to a price where it is a competitive option? The graph seems
to go on forever...

Where does the cost come from for H2 production?
Seems lengthy process, how much longer until it is developed?

Timeframe for development?

How much fossil fuel or fossil fuel energy needed to produce hydrogen? Does it balance out? Is
it worth it?

What are the different processes of producing hydrogen?

What will be the primary hydrogen production method in the future?
How can hydrogen be used in different applications?

Will there be domestic benefits or all export?
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Theme Questions from participants

Are we going to be able to use it and benefit from it here or is it all geared for export?

What are hydrogen applications and barriers other than cost?

Will we need special infrastructure to be able to use it? Will there be big infrastructure required
to produce/store/export/use it?

How affordable for most residents based on average salary? (The assumed context is for
hydrogen in the household)

Storage? How is H2 stored?

Thinking about underground storage of H2 - how much will there be?

What are the storage efficiency of Tesla home electric battery compare to 'Hydrogen' home
Storage battery?

$2 per kg how does this relate to energy i.e. kJs etc.

Hydrogen's large weight and volume seem to be an issue. Wonder what the solutions to this
may be?
How does exporting hydrogen work?

Export and

. . . . e
economy How Australia compared in technology implementation to other countries?

With the million$ fund provided, why are the jobs produced just 8000?

Table 4. Future scenarios

Questions from participants
Future Fuels - is there something comparable to the hydrogen/gas option? - seems to be the
only real option presented in the past 3 weeks. - why aren't other options being presented.
(Pumped hydro - Molten Solar - Nuclear etc.) The presentation seems very biased towards
Future fuels Hydrogen/Gas
and energy What is a good way to communicate information to people about the efficiencies of different
sources energy sources?

Our group is interested in the proportion of different energy use between WA & VIC?

Is the most easily achievable goal to just fully electrify all energies or is electricity alone going to
be inadequate to power our society?

Energy Is skin temperature not the defining factor for health and comfort - not air temp?

Fhoevren:tzgll and Energy poverty - if it's too cold, wear a blanket. If It's too hot, what do you do?

comfort Does the building code need to be changed for different environments (tropical/arid)?

Energy Should there be greater energy concessions for Northern Australia? - Darwin for Instance, more
rebates and often than not has temperatures well above 25 degrees.

concessions What about no interest loans to the energy poor to upgrade their home?

Where is the leadership at Federal level to support this well-grounded knowledge base we have
and head us as a nation in the right direction?

How much of this do we entrust to our governments?

What is the resistance to change? Media, and business influence (+ government) was raised.

Loved the comment about Mayoral leadership and those areas that decide they are going to do

it well, versus those that hang their heads moaning. Gives me hope that action will result in

good outcomes. What will it take to get our leaders at all levels into that first group? (A little bit

rhetorical but not entirely!)

Loved the comment about Mayoral leadership and those areas that decide they are going to do

it well, versus those that hang their heads moaning. Gives me hope that action will result in
Role of good outcomes. What will it take to get our leaders at all levels into that first group? (A little bit
government rhetorical but not entirely!)

Why isn't anyone considering NT in their studies?

Will plans going forward be at federal / state level or down to consumer choice / discretion?

What is the current government policy or reaction to the financial stress that transitioning to
cleaner energy will have on the population? It seems that the government is always
emphasising what individuals need to do/pay for rather than what industry need to do.

What is a federal government in the world that is a great example of implementing FF correctly?

Government is committed to a decarbonisation of the gas sector.....what about other sectors?

Seeing the urgency and greater understanding of the need for change, technology being a key -
will the changes be supported by the government?
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Questions from participants
Could the sale of new Gas appliances be banned/limited to assist with this transition?

It would be interesting to see the transition and if you need to change appliances in home to
suit?

Appliances Do we really need to switch over appliances if we make a 10% mix? Would the changes be
made federally or in states?

It appears that the existing appliances in UK are able to be upgraded with a kit [for hydrogen?]
that can be fitted. Is this something that will be possible in Australia?

Victoria Gas The model chose minimal energy efficiency?

Transition
Roadmap What does it mean by 'All Gas' under Solar graphs?

RP1.07. Deliberative engagement processes on the role of future fuels in the future low-carbon
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2. Appendix: Survey to Citizen Panels

PRE-DELIBERATION

Which deliberation session are you attending (click one option)?

Wednesday O

Thursday QO

Unique Identifier Code

To start with, please create your Unique Identifier Code, which keeps your answers anonymous while
facilitating the reflective diary process. To do so, enter:

Your first name:

Post Code:

Age:

For example, my name is Peter, my postcode is 4070, and my age is 37. My unique code would be
Peter407037

Please write this down and keep it in a safe place, as you will need this code again.

Energy perceptions

How strongly do you agree or disagree with the use of the following energy sources and related
technologies as potential ways of generating Australia's future energy needs?

;S_trongly Disagree  SHantY agree“ehigr Slightly .y Strongly

isagree disagree disagree agree agree
Fydrogen O O O O O O O
Coal O O O O O O O
cas e e e e e e e
Gas or coal with
carbon capture
and storage O O o O O o O
Wind e e ® e e ® e
Solar PV O O O O O O O
Oil (e.g.
diesel/petrol for
transport) O O o O O O O
Nuclear (for
power) O O O O O O O
Biomass O O O O O O O
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Below are some statements about energy sources and priorities for Australia.
Please indicate how close each statement is to your own point of view.

Strongly Strongly
against my Moderately  Slightly Neither Slightly  Moderately aligned with
point of against against (neutral) aligned aligned  my point of
view view

Australia should

focus on

renewables, even

if we need to

invest more in O O O O O O O
infrastructure to

make the system

more reliable

Australia should
focus on
renewables but in
the meanwhile
continue to use
gas as a transition
fuel to make the
transition smooth
and affordable

Australia should

focus on

traditional energy

sources such as

coal & gas, even if O O O O O O O
the environment

suffers to some

extent

Australia should

focus on

traditional energy

sources such as

coal & gasina O O O O O O O
post-COVID

environment to

allow for economic

recovery

There are several considerations Australia needs to make now to transition towards a low-carbon energy
future. Please indicate the importance of the following considerations. Rank your answer from 1 (most
important) to 7 (least important)

Political
Environmental
Social
Behavioural
Technological
Economic

Cultural
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Below are some statements about energy export and priorities for Australia.
Please indicate how close each statement is to your own point of view.

Strongly Strongly
against my Moderately  Slightly Neither Slightly  Moderately aligned with
point of against against (neutral) aligned aligned  my point of
view view

Australia should

continue to export

coal to developing

countries, to help

them reduce O O O O O O O
poverty and

develop their

economies

Australia has an
abundant supply
of fossil fuels and
we should
continue to export
them to keep our
economy strong

Australia should
develop a
renewable energy
industry for export
(such as
hydrogen), to help
other countries
reduce their
carbon emissions

Australia should
continue to export
fossil fuels to keep
our economy
strong in a post-
COVID
environment and
use some of the
profits to establish
renewable energy
industry for export

Energy policy can involve difficult trade-offs between the economy and the environment.
Which one (1) of the following statements best describes your view?
(O The highest priority should be given to protecting the environment, even if it hurts the economy.

(O Both the environment and the economy are important, but the environment should come first.

(O Both the environment and the economy are important and balancing the two should be the
highest priority.

(O Both the environment and the economy are important, but the economy should come first.
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(O The highest priority should be given to economic considerations even if it hurts the environment.

How much do you know about the following?

| know about it and could

| have never heard of it I have heard of it describe it to a friend

How hydrogen is
produced O @) O
The use of hydrogen fuel
cells in vehicles O O O
The use of hydrogen fuel
cells in homes O O O
Hydrogen as an energy
storage medium for
electricity O O O
Hydrogen refuelling
stations O O O
Burning hydrogen as a
replacement for natural

P O O O

gas

Overall, how do you feel about hydrogen as a possible solution for energy and environmental challenges?
O Very unsupportive

Unsupportive

Slightly unsupportive

O
O
(O Neither supportive nor unsupportive
(O Slightly supportive

O

Supportive

(O Very supportive

Display This Question:

If the previous question = Neither supportive nor unsupportive
Why did you select "Neither supportive nor unsupportive" for hydrogen as a possible solution for energy
and environmental challenges?

(O 1do not know enough about hydrogen to decide

| do not have any feelings either way (positive or negative)

There are pros and cons of hydrogen, which makes my support neutral

I have no opinion on this issue

O
O
(O I did not understand the question
O
O Idon'tcare

(O Other reason (please specify)
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If hydrogen were available today, how willing would you be to use it in your home for the following uses?

. Neither .
Vgry Mode.ra_ltely SI|gh_tIy willing nor Sll_ghtly Mod_erately Very willing
unwilling  unwilling  unwilling . willing willing
unwilling
On-site electricity
generation O O O O O O O
Cookin
? O O O O O O O
Using natural gas
that contains some
hydrogen (i.e. a O O O O O O O
blend)
For driving hydrogen
fuel cell electric
vehicles O O O O O O O
Hot water heatin
’ O O O O O O O
Space heatin
P ? O O O O O O O
Overall, do you think using hydrogen for energy in Australia would be:
-3 -2 -1 0 +1 +2 +3
Very Worthless O O O O O O O  Very worthwhile
Very useless O O O O O O O Very useful
Very harmful O O O O O O O Very beneficial
A very bad thing O O O O O O O Avery good thing
When you think about the use of hydrogen in Australia, please indicate how it makes you feel:
-3 -2 -1 0 +1 +2 +3
Very angry O O O O O O O Very calm
Very
O O O O O O O Very proud
embarrassed
Very uninspired O O O O O O O Very inspired
Very sad O O O O O O O Very happy
Very unconcerned O O O O O O O Very concerned
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If a hydrogen economy was to be developed in Australia, to what extent do you agree or disagree that the
following groups would act in the best interest of the consumer?

Strongly . Somewhat Neither Somewhat Strongly
i Disagree i agree nor Agree
disagree disagree - agree agree
disagree
Federal government O O O O O O O
State government O O O O O O O
Local government
’ O O O O O O O
Electricity generation
companies O O O O O O O
Fuel/gas supply companies
gas stpply comp O O O O O ®) ®)
Car/appliance manufacturers
PP O O O O O ®) ®)
Universities
O O O O O O O
CSIRO
O O O O O O O
Media
O O O O O O O
Environmental Non-
Government Organisations
(ENGOS) O O O O O O O

Do you believe climate change is happening now or will happen in the next 30 years?

O Yes, itis already happening
O It will start happening within the next 30 years
(O No, it is not happening and won't

(O 1do not know/ | am not sure

How convinced are you that climate change represents a real problem for Australia?

(O Very unconvinced

Unconvinced

Slightly unconvinced

Neither convinced nor unconvinced
Slightly convinced

Convinced

O O O O O O

Very convinced
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Please select the image below that best describes your relationship with the natural environment. How
interconnected are you with nature?

@@ .

Demographics, Household Characteristics and Energy Use

What is your Gender?
e Male
e Female
e  Other (please specify
e  Prefer not to say

Do you use the following in your household? Yes | No
e  Electricity (grid connected) O O
e Gas (mains) O @)
e Gas (bottled) O @)
e  Solar hot water O O
e Solar PV (e.g. rooftop panels) O O
e  Battery storage unit O O
e  Battery electric vehicle O O
e Hybrid vehicle O O

Do you subscribe to a green bin to collect garden waste?

O Yes
O No

(O My council doesn't offer this service

Do you subscribe to renewable energy (sometimes called GreenPower) from your electricity provider?

O Yes
O No

Display This Question:
If the previous question = Yes

What percentage of the renewable energy do you subscribe from your energy provider?

Percentage (%) of renewable
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Is your dwelling

(O Owned outright
(O Owned with a mortgage
(O Purchased under a shared equity scheme
O Rented
(O Occupied rent free
(O Occupied under a life tenure scheme
(O Other
What is the level of the highest qualification you have completed?
(O Year 10 or below
(O Year 11 or equivalent
(O Year 12 or equivalent
(O Trade certificate or Apprenticeship
(O Certificate | or I
(O Certificate Il or IV
(O Advanced Diploma / Diploma
(O Bachelor or Honours degree
(O Postgraduate degree (e.g. Masters, PhD)
(O Other (please specify)
Which best describes your income level (before tax)?
(O $3,500 or more per week or $182,000 or more per year
O $3,000 - $3,499 per week or $156,000 - $181,999 per year
O $2,000 - $2,999 per week or $104,000 - $155,999 per year
O $1,750 - $1,999 per week or $91,000 - $103,999 per year
O $1,500 - $1,749 per week or $78,000 - $90,999 per year
O $1,250 - $1,499 per week or $65,000 - $77,999 per year
O $1,000 - $1,249 per week or $52,000 - $64,999 per year
O $800 - $999 per week or $41,600 - $51,999 per year
O $650 - $799 per week or $33,800 - $41,599 per year
(O $500 - $649 per week or $26,000 - $33,799 per year
O $400 - $499 per week or $20,800 - $25,999 per year
O $300 - $399 per week or $15,600 - $20,799 per year
O $150 - $299 per week or $7,800 - $15,599 per year
O $1 - $149 per week or $1 - $7,799 per year
O $0 or nil income
(O Negative income
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Which of the following best describes your occupational status?

(O Student

Household duties

Employed — Part Time

Employed — Full Time
Unemployed not looking for work
Unemployed looking for work

Retired

OO O O O O O

Not able to work

Other (please specify)

O

Which occupational sector do you work in (or worked in prior to ceasing work)?

O

Agriculture, forestry, fishing

Mining

Manufacturing

Electricity, gas, water, waste services
Construction

Wholesale trade

Retail trade

Accommodation and food services
Transport, portal and warehousing
Information, media and telecommunications Financial and Insurance services
Rental, hiring and real estate services
Professional, scientific, technical services
Administrative and support workers
Public administration and safety
Education and training

Health care and social assistance

Arts and recreation services

OO OO O0OO0OO0OO0OO0O0O 0o oo o oo

Other services

O

Not applicable

In which country were you born?

(O Australia

(O Foreign country

Display This Question:

If the previous question = Foreign country
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If foreign, which country were you born

V¥ Afghanistan ... Zimbabwe

Are you of Aboriginal or Torres Strait Islander origin?

O
O
O
@)

No
Yes, Aboriginal
Yes, Torres Strait Islander

Prefer not to answer

Which best describes your situation in relation to your electricity bill?

O
O
O
O
O
O

Paying my electricity bill in full is never a problem for me

| sometimes find it hard to pay my electricity bill when it becomes due

| always struggle to pay my electricity bill when it becomes due

My electricity bill is usually in credit after factoring in solar feed-in tariffs
| pre-pay my electricity bill

| do not pay for electricity in my house

What is your current status in relation to solar energy?

O
O
O
O
O
O

O

I have solar PV panels installed to supply my home

| have batteries at home to store solar energy

I intend to install solar PV panels within the next 5 years
| intend to have batteries at home to store solar energy
I do not intend to install solar PV panels

| do not know

Other (please specify)

Which of the following best describes your household?

O

O O O O O

Group household

Single person household
One parent with children
Couple with children
Couple with no children

Other family (e.g. extended family household)
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In general, how happy do you think you are with? (0 = very unhappy, 100 = very happy)
Very unhappy Very happy

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

Your dally life +

Environment around you +
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FEEDBACK FROM WEEK 1

Which deliberation session are you attending (click one option)?

Wednesday O

Thursday QO

Unique ldentifier Code

To start with, please create your Unique Identifier Code, which keeps your answers anonymous while
facilitating the reflective diary process.

Your first name:

Post Code:

Age:

For example, my name is Peter, my postcode is 4070, and my age is 37. My unique code would be
Peter407037

Please write this down and keep it in a safe place, as you will need this code again.

Feedback Form

After listening to the presentations and talking to other members of your community, to what extent did you find
you changed or broadened your views about climate change and energy as a result of this week's workshops?
O Notatall

To a small extent
To a moderate extent

To a fairly great extent

O O O O

To a great extent

How well did you feel you were able to:

Not well at all Slightly well Moderately well Very well Extremely well
Understand the purpose of
the research O O O O O
Understand your role in the
research O O O O O
Understand the key issues
under discussion O O O O O
Learn about the issues that
were discussed in the
breakout rooms O O O o o
Listen to what others in your
breakout room have to say
about the topics under O O O O O

discussion

Express your own views on
the topics under discussion in
the breakout rooms O O O O O

How much do you believe that:
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To a small To a moderate

To a large

Not at all extent extent extent Definitely
Your participation was
encouraged by the breakout
room facilitator O O O O O
Your contribution was valued
and respected by the other
participants in your breakout O O O O O
room
The discussions in your
breakout room resulted in
useful conclusions and O O O O O
outcomes
Your overall experience with the presentation on Climate Change:
Strongly Tend to Nelthgr agree Somewhat Strongly agree
disagree disagree nor disagree agree
| understood everything that
was presented by the
speaker O O O O O
| trusted what the speaker
said O O O O O
The information presented by
the speaker was relevant and
helpful to the small group O O O O O
discussions
Your overall experience with the presentation on Current State of Energy:
Strongly Tend to Neither agree Somewhat
. . - Strongly agree
disagree disagree nor disagree agree
| understood everything that
was presented by the
speaker O O O O O
| trusted what the speaker
said O O O O O
The information presented by
the speaker was relevant and
helpful to the small group O O O O O
discussions
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If the circle on the left represents you and the circle on the right represents people in your breakout room, select
the diagram that best describes your relationship with the other fellow citizens in your breakout room:

LWL QO Q

Group Self Group Self Group Self Group Self Group
A B C D E

If the circle on the left represents you and the circle on the right represents all the people in Zoom meeting,
select the diagram that best describes your relationship with the other fellow citizens that attended the workshop

S 00D O Q)

Group Self Group Self Group Self Group Self Group
A B C D E

Do you have any comments or suggestions that you would like to share with us?
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FEEDBACK FROM WEEK 2

Which deliberation session are you attending (click one option)?

Wednesday O

Thursday QO

Unique ldentifier Code

To start with, please create your Unique Identifier Code, which keeps your answers anonymous while
facilitating the reflective diary process.

Your first name:

Post Code:

Age:

For example, my name is Peter, my postcode is 4070, and my age is 37. My unique code would be
Peter407037

Please write this down and keep it in a safe place, as you will need this code again.

Feedback Form

After listening to the presentations and talking to other members of your community, to what extent did you find
you changed or broadened your views about climate change and energy as a result of this week's workshops?
O Notatall

To a small extent
To a moderate extent

To a fairly great extent

O O O O

To a great extent

How well did you feel you were able to:

Not well at all ~ Slightly well Moderately well Very well Extremely well
Understand the purpose of
the research O O O O O
Understand your role in the
research O O O O O
Understand the key issues
under discussion O O O O O
Learn about the issues that
were discussed in the
breakout rooms O O O o o
Listen to what others in your
breakout room have to say
about the topics under O O O O O

discussion

Express your own views on
the topics under discussion in
the breakout rooms O O O O O

How much do you believe that:
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Toasmall Toamoderate To alarge

Not at all extent extent extent

Definitely

Your participation was

encouraged by the breakout
room facilitator O O O O O

Your contribution was valued
and respected by the other

participants in your breakout O O O O O
room

The discussions in your

breakout room resulted in
useful conclusions and O O O O O
outcomes
Your overall experience with the presentation on 'Introduction to future fuels and hydrogen:
gtrongly Tend to Nelthgr agree Somewhat Strongly agree
isagree disagree nor disagree agree
| understood everything that
was presented by the O O O O O

speaker

| trusted what the speaker

said O O O O @)

The information presented by
the speaker was relevant and

helpful to the small group O O O @) O
discussions

Your overall experience with the presentation on 'Uses of hydrogen— export, domestic, transport

Strongly Tend to Neither agree Somewhat

disagree disagree nor disagree agree Strongly agree

| understood everything that
was presented by the O O O O O

speaker

| trusted what the speaker

said O O O O @)

The information presented by
the speaker was relevant and
helpful to the small group O O O O O

discussions

Your overall experience with the presentation on Introduction to Biomass/Biogas

Strongly Tend to Neither agree Somewhat

disagree disagree nor disagree agree Strongly agree

| understood everything that

was presented by the O O e ®) O

speaker

| trusted what the speaker

said O O O O @)

The information presented by
the speaker was relevant and
helpful to the small group O O O @) O

discussions

If the circle on the left represents you and the circle on the right represents people in your breakout
room, select the diagram that best describes your relationship with the other fellow citizens in your
breakout room:
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LWL QO Q

Group Self Group Self Group Self Group Self Group
A B (6 D E

If the circle on the left represents you and the circle on the right represents all the people in Zoom
meeting, select the diagram that best describes your relationship with the other fellow citizens that
attended the Zoom meeting today:

OW W QO Q

Group Self Group Self Group Self Group Self Group
A B C D E

A B C D E

Do you have any comments or suggestions that you would like to share with us?
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FEEDBACK FROM WEEK 3

Session information

Which deliberation session are you attending (click one option)?

Wednesday O

Thursday QO

Unique ldentifier Code

To start with, please create your Unique Identifier Code, which keeps your answers anonymous while
facilitating the reflective diary process.

Your first name:

Post Code:

Age:

For example, my name is Peter, my postcode is 4070, and my age is 37. My unique code would be
Peter407037

Please write this down and keep it in a safe place, as you will need this code again.

Feedback Form

After listening to the presentations and talking to other members of your community, to what extent did you find
you changed or broadened your views about climate change and energy as a result of this week's workshops?
O Notatall

To a small extent
To a moderate extent

To a fairly great extent

O O O O

To a great extent

How well did you feel you were able to:

Not well at all ~ Slightly well Moderately well ~ Very well Extremely well
Understand the purpose of
the research O O O O O
Understand your role in the
research O O O O O
Understand the key issues
under discussion O O O @) O
Learn about the issues that
were discussed in the
breakout rooms O O O o o
Listen to what others in your
breakout room have to say
about the topics under O O O O O

discussion

Express your own views on
the topics under discussion in
the breakout rooms O O O O O

How much do you believe that:
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Toasmall Toamoderate To alarge

Not at all extent extent extent

Definitely

Your participation was

encouraged by the breakout
room facilitator O O O O O

Your contribution was valued
and respected by the other

participants in your breakout O O O O O
room

The discussions in your

breakout room resulted in
useful conclusions and O O O O O
outcomes
Your overall experience with the presentation on: Understanding and addressing energy vulnerability
gtrongly Tend to Nelthgr agree Somewhat Strongly agree
isagree disagree nor disagree agree
| understood everything that
was presented by the O O O O O

speaker

| trusted what the speaker

said O O O O @)

The information presented by
the speaker was relevant and

helpful to the small group O O O @) O
discussions

Your overall experience with the presentation on: Trade-offs and challenges for energy transitions

Strongly Tend to Neither agree Somewhat

disagree disagree nor disagree agree Strongly agree

| understood everything that
was presented by the O O O O O

speaker

| trusted what the speaker

said O O O O @)

The information presented by

the speaker was relevant and

helpful to the small group O O O O O
discussions

Your overall experience with the presentation on: Natural gas substitution Roadmap — Vic Government

Strongly Tend to Neither agree Somewhat

disagree disagree nor disagree agree Strongly agree

| understood everything that

was presented by the O O e ®) O

speaker

| trusted what the speaker

said O O O O @)

The information presented by
the speaker was relevant and
helpful to the small group O O O @) O

discussions

Your overall experience with the presentation on : Potential decarbonisation pathways

Strongly Tend to Neither agree Somewhat

disagree disagree nor disagree agree Strongly agree
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| understood everything that

was presented by the O O O O O

speaker

| trusted what the speaker

said O O O O @)

The information presented by
the speaker was relevant and

helpful to the small group O O O @) O
discussions

If the circle on the left represents you and the circle on the right represents people in your breakout
room, select the diagram that best describes your relationship with the other fellow citizens in your
breakout room:

OW W QO Q

Group Self Group Self Group Self Group Self Group
A B C D E

If the circle on the left represents you and the circle on the right represents all the people in Zoom
meeting, select the diagram that best describes your relationship with the other fellow citizens that
attended the Zoom meeting today:

COW W QO Q

Group Self Group Self Group Self Group Self Group
A B (6 D E

A B C D E

Do you have any comments or suggestions that you would like to share with us?
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POST DELIBERATION

Session information

Which deliberation session are you attending (click one option)?

Wednesday O

Thursday QO

Unique ldentifier Code

To start with, please create your Unique Identifier Code, which keeps your answers anonymous while
facilitating the reflective diary process. To do so, enter:

Your first name:

Post Code:

Age:

For example, my name is Peter, my postcode is 4070, and my age is 37. My unique code would be
Peter407037

Please write this down and keep it in a safe place, as you will need this code again.

Energy perceptions

How strongly do you agree or disagree with the use of the following energy sources and related
technologies as potential ways of generating Australia's future energy needs?
Neither

jtrongly Disagree slightly agree nor Slightly Agree Strongly

isagree disagree disagree agree agree
Fydrogen O O O O O O O
Coal O O O O O O O
cas e e e e e e e
Gas or coal with
carbon capture
and storage O O o O o O O
Wind O O O O O O O
Solar PV O O O O O O O
Qil (e.g.
diesel/petrol for
transport) O O o O o O O
Nuclear (for
power) O O O O O O O
Biomass O O O O O O O
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Below are some statements about energy sources and priorities for Australia.
Please indicate how close each statement is to your own point of view.

Strongly Strongly
against my Moderately  Slightly Neither Slightly  Moderately aligned with
point of against against (neutral) aligned aligned  my point of
view view
Australia should
focus on
renewables, even
if we need to
invest more in O O O O O O O
infrastructure to
make the system
more reliable
Australia should
focus on
renewables but in
the meanwhile
continue to use O O O O O O O

gas as a transition
fuel to make the
transition smooth
and affordable

Australia should

focus on

traditional energy

sources such as

coal & gas, even if O O O O O O O
the environment

suffers to some

extent

Australia should

focus on

traditional energy

sources such as

coal & gasin a O O O O O O O
post-COVID

environment to

allow for economic

recovery

There are several considerations Australia needs to make now to transition towards a low-carbon energy
future. Please indicate the importance of the following considerations. Rank your answer from 1 (most
important) to 7 (least important)

Political
Environmental
Social
Behavioural
Technological
Economic

Cultural

Below are some statements about energy export and priorities for Australia.
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Please indicate how close each statement is to your own point of view.

Strongly Strongly
against my Moderately Slightly  Moderately aligned with
point of aligned aligned  my point of
view view

Australia should

continue to export

coal to developing

countries, to help

them reduce O O O O O O O
poverty and

develop their

economies

Australia has an
abundant supply
of fossil fuels and
we should
continue to export
them to keep our
economy strong

Australia should
develop a
renewable energy
industry for export
(such as
hydrogen), to help
other countries
reduce their
carbon emissions

Australia should
continue to export
fossil fuels to keep
our economy
strong in a post-
COoVID
environment and
use some of the
profits to establish
renewable energy
industry for export

Energy policy can involve difficult trade-offs between the economy and the environment.
Which one (1) of the following statements best describes your view?
(O The highest priority should be given to protecting the environment, even if it hurts the economy.

(O Both the environment and the economy are important, but the environment should come first.

(O Both the environment and the economy are important and balancing the two should be the
highest priority.

(O Both the environment and the economy are important, but the economy should come first.

(O The highest priority should be given to economic considerations even if it hurts the environment.

How much do you know about the following?
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| know about it and could

| have never heard of it | have heard of it describe it to a friend

How hydrogen is
produced O @) O
The use of hydrogen fuel
cells in vehicles O O O
The use of hydrogen fuel
cells in homes O O O
Hydrogen as an energy
storage medium for
electricity O O O
Hydrogen refuelling
stations O O O
Burning hydrogen as a
replacement for natural

P O O O

gas

Overall, how do you feel about hydrogen as a possible solution for energy and environmental challenges?
O Very unsupportive

Unsupportive

Slightly unsupportive

O
O
(O Neither supportive nor unsupportive
(O Slightly supportive

O

Supportive

(O Very supportive

Display This Question:

If the previous question = Neither supportive nor unsupportive
Why did you select "Neither supportive nor unsupportive" for hydrogen as a possible solution for energy
and environmental challenges?

(O 1do not know enough about hydrogen to decide

| do not have any feelings either way (positive or negative)

There are pros and cons of hydrogen, which makes my support neutral
| did not understand the question

I have no opinion on this issue

I don't care

O
O
O
O
O
O

Other reason (please specify)

If hydrogen were available today, how willing would you be to use it in your home for the following uses?

Very Moderately  Slightly Nglther Slightly  Moderately -
[ . - willing nor S . Very willing
unwilling  unwilling  unwilling et willing willing
unwilling
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On-site electricity

generation O O O O O O
Cookin
? O O O O O O
Using natural gas
that contains some
hydrogen (i.e. a O O O O O O
blend)
For driving hydrogen
fuel cell electric
vehicles O O O O O O
Hot water heatin
’ O O O O O O
Space heatin
P ? O O O O O O
Overall, do you think using hydrogen for energy in Australia would be:
-2 -1 0 +1 +2 +3
Very Worthless O O O O O O Very worthwhile
Very useless O O O O O O Very useful
Very harmful O O O O O O Very beneficial
A very bad thing O O O O O (O  Avery good thing

When you think about the use of hydrogen in Australia, please indicate how it makes you feel:

-3 -2 -1 0 +1 +2 +3
Very angry O O O O O O O Very calm
Very
O O O O O O O Very proud
embarrassed
Very uninspired O O O O O O O Very inspired
Very sad O O O O O O @) Very happy
Very unconcerned O O O O O O O Very concerned
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If a hydrogen economy was to be developed in Australia, to what extent do you agree or disagree that the
following groups would act in the best interest of the consumer?

Strongly
disagree

Disagree

Somewhat
disagree

Neither
agree nor
disagree

Somewhat
agree

Agree

Strongly
agree

Federal government
State government
Local government

Electricity generation
companies

Fuel/gas supply companies
Car/appliance manufacturers
Universities

CSIRO

Media

Environmental Non-

Government Organisations
(ENGOs)

O

O o O o o O 0O O

O

O

O o O o o O 0O O

O

O

O o o o o O 0O O

O

O

O o O o o O 0 O

O

O

O o O o o O 0O O

O

o o o o o O O O O

O

o o o o o O O O O

O

Do you believe climate change is happening now or will happen in the next 30 years?

(O Yes, itis already happening

O It will start happening within the next 30 years

O No, it is not happening and won't

(O Ido not know/ | am not sure

How convinced are you that climate change represents a real problem for Australia?

(O Very unconvinced
Unconvinced

Slightly unconvinced

Slightly convinced

Convinced

O O O O O O

Very convinced

Neither convinced nor unconvinced
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Please select the image below that best describes your relationship with the natural environment. How
interconnected are you with nature?

@@ .

Demographics, Household Characteristics and Energy Use

What is your Gender?
e Male
e Female
e  Other (please specify)
e Prefer not to say

Do you use the following in your household? Yes | No
e  Electricity (grid connected) O O
e Gas (mains) O O
e Gas (bottled) O O
e Solar hot water O O
e Solar PV (e.g. rooftop panels) O O
e  Battery storage unit O O
e  Battery electric vehicle O O
e  Hybrid vehicle O O

Do you subscribe to a green bin to collect garden waste?

O Yes
O No

O My council doesn't offer this service

Do you subscribe to renewable energy (sometimes called GreenPower) from your electricity provider?

O Yes
O No

Display This Question:
If the previous question = Yes

What percentage of the renewable energy do you subscribe from your energy provider?

Percentage (%) of renewable

Is your dwelling
(O Owned outright

Owned with a mortgage
Purchased under a shared equity scheme
Rented

Occupied rent free

O O O O O

Occupied under a life tenure scheme

(O Other
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What is the level of the highest qualification you have completed?

O

o O O O O O O O O

Year 10 or below

Year 11 or equivalent

Year 12 or equivalent

Trade certificate or Apprenticeship
Certificate | or Il

Certificate Il or IV

Advanced Diploma / Diploma

Bachelor or Honours degree
Postgraduate degree (e.g. Masters, PhD)

Other (please specify)

Whic

>

best describes your income level (before tax)?

ONCRCRNONNOROROINOR ORI O ORNORNORNORNORNG)

$3,500 or more per week or $182,000 or more per year
$3,000 - $3,499 per week or $156,000 - $181,999 per year
$2,000 - $2,999 per week or $104,000 - $155,999 per year
$1,750 - $1,999 per week or $91,000 - $103,999 per year
$1,500 - $1,749 per week or $78,000 - $90,999 per year
$1,250 - $1,499 per week or $65,000 - $77,999 per year
$1,000 - $1,249 per week or $52,000 - $64,999 per year
$800 - $999 per week or $41,600 - $51,999 per year

$650 - $799 per week or $33,800 - $41,599 per year

$500 - $649 per week or $26,000 - $33,799 per year

$400 - $499 per week or $20,800 - $25,999 per year

$300 - $399 per week or $15,600 - $20,799 per year

$150 - $299 per week or $7,800 - $15,599 per year

$1 - $149 per week or $1 - $7,799 per year

$0 or nil income

Negative income
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Which of the following best describes your occupational status?

O Student

Household duties

Employed — Part Time

Employed — Full Time
Unemployed not looking for work
Unemployed looking for work

Retired

OO O O O O O

Not able to work

(O Other (please specify)

Which occupational sector do you work in (or worked in prior to ceasing work)?

O Agriculture, forestry, fishing

O Mining

(O Manufacturing

(O Electricity, gas, water, waste services

(O Construction

(O Wholesale trade

O Retail trade

(O Accommodation and food services

(O Transport, portal and warehousing

O Information, media and telecommunications Financial and Insurance services
(O Rental, hiring and real estate services

(O Professional, scientific, technical services
(O Administrative and support workers

(O Public administration and safety

(O Education and training

(O Health care and social assistance

(O Arts and recreation services

(O Other services

(O Not applicable

In which country were you born?

O Australia

(O Foreign country

Display This Question:

If the previous question = Foreign country
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If foreign, which country were you born
V¥ Afghanistan ... Zimbabwe

Are you of Aboriginal or Torres Strait Islander origin?

O No
O Yes, Aboriginal

O Yes, Torres Strait Islander

(O Prefer not to answer

Which best describes your situation in relation to your electricity bill?
(O Paying my electricity bill in full is never a problem for me

| sometimes find it hard to pay my electricity bill when it becomes due

| always struggle to pay my electricity bill when it becomes due

O
O
O My electricity bill is usually in credit after factoring in solar feed-in tariffs
O | pre-pay my electricity bill

O

| do not pay for electricity in my house

What is your current status in relation to solar energy?
(O I have solar PV panels installed to supply my home

I have batteries at home to store solar energy

I intend to install solar PV panels within the next 5 years

O
O
(O lintend to have batteries at home to store solar energy
(O Ido notintend to install solar PV panels

O

| do not know

(O Other (please specify)

Which of the following best describes your household?
O Group household

Single person household
One parent with children

Couple with children

O O O O

Couple with no children

(O Other family (e.g. extended family household)

In general, how happy do you think you are with? (0 = very unhappy, 100 = very happy)
Very unhappy Very happy

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

Your daily life .

Environment around you .
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3. Appendix: Presentations to Citizen Panels

Understanding climate change,

We are not on track for 1.5°C

. . GtCO, /year
climate extremes, adaptation and P
mitigation -~ s ol Y
CovID
GFC
20
Professor Mark Howden
ANU Institute for Climate, Energy and 10
Disaster Solutions
0 % > n Y ke = > -y o -
Chair, ACT Climate Change Council
Vice Chair, IPCC Working Group || CO; today 418ppm (pre-industrial levels were about 280ppm)
highest in at least 2 M years
@ProfMarkHowden Record levels of methane, nitrous oxide and other GHGs w
IEA2022
Human influence on climate is unequivocal Australia: record temperatures
:i + Global decadal Annual mean temperature anomaly
temperature 1.1cCabove | | Australia (1910t02021)
pre-industrial (recent 15 | AsmlanBusavol ewoobgy 15
observed years 1.24°C) _
simulated
»n\:;x\\:;{& « Would have been 1.5°C e
except for aerosols from 2
air pollution which have §
a cooling effect g
« Sea levelrise, Arctic sea %
, ice area shrinkage and §
i glacial retreat worst in =
thousands of years
1‘850 1900 1950 2000 20'20 .
o 1910 1020 1890 1940 1050 1960 1970 1980 1990 2000 2010 2020 i
IPCC 2021 Yoar N——— BoM 2022
Extremes almost everywhere, all the time Climate changes drag back global ag productivity
Annual mean temperature percentage area in decile 10
Australia (1910 to 2021) —
L e —— w0 e
;5 80 80
g
E 60 60
]
2
: 40 | 40
£
" . » Global average agricultural productivity reduced by 21%
1610 1520 1830 1540 1950 1960 1970 1360 1980 2000 2010 2020 s o
ok, BoM 2022 Ortiz-Bobea et al. 2021
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o Keeping to 1.5°C requires immediate action Changed temperature, rainfall & extremes
tCO,/year .
o Limiting warming to 1.5 °C Temperature (4C scameiv)) Rainfall at 4°C
) . vmpleﬂl?tygd(oguhnes o Global GHG emissions peak ¢
= before 2025, reduced by 43 %
by 2030.
» Likely below « Methane reduced by 34% by
© anti 2030 2030
Likely below 2°C, L — - ——
30 W'm”“mgg(,a;ﬁ Limiting warming to around 2°C 005115225335 4455 556657 P N T
2 o Global GHG emissions peak ' ‘ h
before 2025, reduced by 27% « Impacts on extreme events (fire, storms, floods, heat etc)
A e by 2030. * Humans (heat stress, food and nutrition security, disease burden, mental health,
@ limited overshoot labour productivity, economic prosperity etc)
Impacts on biodiversity & the natural resource base (especially water-related aspects)
b 2010 2015 2020 2025 2030 2035 2040 2045 2050 IPCC 2022 = IPCC 2021, 2022%?
Impacts on human systems - strongly negative Heat stress frequency: global
ST e H1stoncal
ﬁajg} A ——
\a @Wﬁ } J‘ﬂ High GHG emissions
e © © 6 0606 06 0 0 o Vw ol s
° e o ©° © © ¢ © © Irne.
[} e © © & o e © © f o
e o © © O .x © o o ¥ v L
© 6 ©6 0 0 ... 0 © © © & : |
e ©6 6 ¢ © o -] e o
[} e 0 0 ©¢ 06 © © @ ¢©
e © o -] © 06 ©6 0 ©
6 ¢ ¢ © ¢ o e © 0 © ‘
e o g g B © © o g 0 50 100 150 200 250 300 350
e ° e e e e e e Number of days per year above deadly threshold
= Mora et al. 2017
Multiple hazards from climate change Multiple hazards from climate change
"
PN
‘\/‘ W
R
LS
e (\s w
day's ¥
: T 1o o 018 -
cwm—‘ b "% 24 : (/\‘ma al S — A RA ¢ <7
~ the Jou g
pubtisned ¥ o
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Moraetal. 2018 Moraetal. 2018
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Adaptation

« Climate change impacts are potentially large, systemic,

Adaptation options feasible for every sector

w
-
&
L

o
3t
&
L)

rapid and net negative Db
* Requiring an adaptation response that is large, systemic, ; o - : ;
rapid and very positive HE B § ®
EREEE
« Unfortunately, most observed adaptation is fragmented, 1 z ] * $
small in scale, incremental, sector-specific, designed to eec o0
respond to current impacts or near-term risks and focused ! E f : ] i -
more on planning rather than implementation ® e o . 00 .
ciiiisi
» e o o o [ ] =]
IPCC 2021 e @ o o o o pecom B
Feasibility assessment of adaptations Adaptation is core to meeting the SDGs
Dimensions of potential feasibiny )
o g8 0 & mit 4 @
System  Representative Climate responses' Potential Inst- o Geo
transitions  key risks and adaptation options  feasibility onom physical I ]
| ® e @ o e @
Land and | Terrestrial and e 8 ) . . ) ® [ I I -]
ccspiions | soieas @ : ° s e o : ® LR
1 Bodh ° o e ® ¢ O ]
security  Water use offic @ e o o o o o o ==
Food o ® © o o o s °
security Efficientlvestock systerns . ® e - - @ ° ooagm
(]
B
b I IPCC 2022
Increased evidence of emission-reduction action Mitigation options and their cost
Some 18 countries have Zero emissions
achieved a steady targets have been
decrease in emissions adopted by at least
consistent with limiting 826 cities and 103
warming to 2°C regions
IPCC 2022 - IPCC 2022 i
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Mitigation options

Wind energy

Solar eneegy

Bioslectrcity

Hydropower

Geothermal eneegy

Nuclear energy

Carbon capture and storage (CCS)
Bioelecticity with CCS

Reduce CH. emission from coal mining
Reduce CH emission from ofl and gas

Energy

Avoid demand for energy services

Effcent ighting, apphances and equipment
New bukings with hih energy performance
Onsite renewable production and use
Improvement of existing buiding stock
Enhanced use of wood products

Buildings

Mitigation options and their cost

Potential contribution to net emission reduction (2030) GICO.-q yr
4 6

GCOreqyr

IPCC 2022

Mitigation options and SDGs: urban areas

Relation with Sustainable Development Goals

1 2 3 45 6 7 8 9 101" 12 W47

-N-N-R-B-0-

Urban land use and spatial planning
Electrification of the urban energy system
District heating and cooling networks

Urban green and blue infrastructure

Waste d inimization and
Integrating sectors, strategies and innovations

susTAABLE (3
DEVELOPMENT

IPCC 2022

Thankyou

Prof Mark Howden

Disaster Solutions
mark.howden®@anu.edu.au
@ProfMarkHowden
+61 2 6125 7266

Every year matters
Every choice matters

ANU Institute for Climate, Energy and

Vice Chair, IPCC Working Group Il

Every half a degree matters

Howden and Colvin 2018

THE UNIVERSITY
OF QUEENSLAND

Energy

Current State of Play

If climate change & GHG are the
problem...

Why are we always discussing
energy?

Global greenhouse

Ok, so globally are we using more or less energy?

Primary energy is the raw energy input, it is not how you see energy as a consumer

onsumption by source, World B

Energ

16

oDoooEn

”
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Hmm... so why do we use so much fossil energy?

Heney Ford
mass produces London smog

disaster

Industrial revolution
Steam power.
Poor efficiency Invention of light

bulb and dist of
Major energy Laws of coaljsteam
shortage | yarmodynamics | electricity

Environmental
awareness
|

Nuclear
po;

TODAY
Concem for

Animals. humans.

ey environment
= driving

development

Is there another way to picture this??
How do GHG emissions relate to energy?

CO; = Emissions x Energy x GDP x Population
Energy GDP Popn.

/ T Wealth
Technology Energy use

Ok, so how are we doing globally?

Kaya identity: drivers of CO2 emissions, World -

But, what about quality of life?

CO, emissions per capita vs GDP per capita

Per capita consumptian-based CO, emissions

20t
& CO: emissions & i e pmart
3 are too high ®
. a wn
10t i
o Energy poverty on sze
Energy access with e
N net-zero CO2 emissions nien
iiion

How does Australia consume energy?

Primary energy consumption B Share of

CRICOS code 000258

Presentation Title | Date

What does our Electricity Sector look like?

 source, Austral
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What about gas? How do we use it?

Production
5345

Stocha nd dacrspancion Exports
» 4203

Consumption
1847

emsir

What can we look forward to?

What do the energy and emissions forecasts look like?

presentation Tite | Date

CRICOS code 000258

)

The world is still far from putting emissions into decisive decline

Ar I} o
Energy demand is not going away... o
Ic} B e ———
...but current pledges and efficiency gains mean global demand could plateau post-2030 %
oi Gas SolarWind
— 20
. 0 DS
—= 2000 2010 2020 2030 2040 2050
Global emissions are set to bounce back more slowly than after the financial crisis of 2008-2009,
but the world is still a long way from a sustainable recovery
Presentation Tille | Date CRICOS code 000258 3 re 12a

Thank you

Dr Simon Smart or
ring Innovation

facebook.com/uniofgld
Instagram.com/uniofgld

@simon_k_smart
www.linkedin.com/in/simon-k-smart
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Future Fuels & Hydrogen

Future Fuels CRC Citizens
31 May 2022

anel

Dr Patrick Hartley
CSIRO Hydrogen Industry Mission Lead
3rd May 2022
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Why do we need Future Fuels: : Australia’s Greenhouse Gas Emissions

share of total emissions, by sector, for the year to September 2021

I ‘
. s
-~ Zero Emissions

Setonsey energy
= ehtog ehecriy

p Transport Challenge )

e

==
B

et
=
=
-
) ﬂ o
B

(501.5Mt total) wwer
- ]

@

What are Future Fuels?

A subesance that 5 wsed 10 gravide hat o pewr,usualy by being burmed:

Fuels can be solid (eg coal), liquid (eg petrol) or gas (eg natural gas) e "

« Almost all of our current fuels produce Carbon Dioxide (CO,) when consumed. This is a greenhouse gas
(GHG) which contributes to global warming

« Future Fuels are being developed which have much lower or even zero GHG emissions. Various options
exist:

* Domestic & Industrial heating: renewable electricity, biogas & hydrogen
+ Power generation: renewable energy, nuclear

ot * Cambridge English Dictionary

@

Hydrogen as a Future Fuel: What is Hydrogen?

Hydrogen, Chemical Symbol H, is the lightest and most abundant element on earth
but only* exists on earth in chemical compounds with other elements eg with oxygen in water:
H10 or carbon in methane (CH, natural gas)

Energy is needed to extract Hydrogen in its molecular form, H,
from water and other chemical compounds

Ha stores this energy, and can release it when it is burnt or used in chemical reactions. The only product
is water, so hydrogen can be used as an energy carrier which produces zero greenhouse gas emissions

at point of use
% + w = +

Hydrogen is already extensively used in major industries e.g. in fertilizer production

. *0.00005% in air

Where do we get Hydrogen?

From Fossil Fuels and Water From Electricity and Water: ‘Water Splitting’

Steam Methane Reforming Electrolysis

CHi+2H,0™ CO, +4H,

2H,07 4H,+0;

Dot s

Hydrogen as a Feedstock
Todays Market

HYDROGEN GENER,

ON MARKET, BY REGION(USD BILLION)

1991
—_—
1355 — Dbt
—_ - 1
—
= Ammonia production
= Chemical Industry/Refineries
“ Electronic Industry
2016 o0 1m0 2019 2020 o2 e wae
= Metal/Glass Industry
Sl Amedca  WAsis Paciic W Ewope ¥ Middefat 8 SouthAmeia  BATA

= Food Industry

@

Why Hydrogen as an Energy Carrier?

e5, BB e,

-

Industial B
processas

Hydrogen can be used to decarbonize and couple diverse energy & feedstock value chains

Establishing an Australian hydrogen industry offers additional opportunities in associated
industries
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Why Hydrogen for Australia?

. A | [ ooy oosn
"4 4 f

5 s Yoo

= iR -, ] pitemy ot

o [ ket anargy 1 Gm')

A -~ Wore energy fofal anual
ey

Vi s s

ey

[ soww ey o1 ssm'per iy

Geohevma sy (23 b of saciect.
v hoker an 200°C ot 8 )
°

il
|

Australia has Abundant energy resources which can be used for making hydrogen

National Hydrogen Strategy Development

Council of Australian Governments (COAG) Energy Council Joint Ministerial Statement (December 2018);

“We commit to working together to develop and implement a national strategy for hydrogen, in close
consultation with industry and the community”

Alignment of State, Territory & Federal Government Strategies

o O
SA Hydrogen November 2019 September 2020: Low
Roadmap. s National Hydrogen Emissions Technology
Strate ement
(Sept2017)  Scenesetting Reports  2015-2020 State Hydrogen Strategies e Statement

(August 2018)

@

February 2018: South Australia Hydrogen Project Funding

Government Investments: Hydrogen Project Support

+ February 2018: South Australia Hydrogen Project Funding

April 2018: Victoria / Aust. Government / Japan Consortium
September 2018: Australian Renewable Energy Agency (ARENA)
August 2019: Queensland Hydrogen Industry Development Fund
March 2020: Tasmania Renewable Hydrogen Action Plan
+ April 2020: ARENA Hydrogen Deployment Fund
May 2020: Clean Energy Finance Corporation (CEFC)
August 2020: Western Australia Renewable Hydrogen Fund
+ September 2020: Federal Govt Low Emissians Technology Statement
« April 2021: Federal Govt Low Emissions Technology Statement
* October 2021: NSW Hydrogen Strategy
+ September 2021 Federal Govt Hydrogen Hubs Program
= March 2022: HyGATE' Germany —Australa Intiative
+ $50mARENA Program
+ €s0m Pu (Germany)

Australia’s Hydrogen Demonstration Projects: Snapshot

@

hitps://research,csiro.au/hyresource/

Thank you

HydrogenIndustry Mission
O Patrick Hartley
CSIRO Hydrogen Industry Mission Leader

461395452595
patrick hartley@csiro.au
trali'sNational Science Agercy
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Using Hydrogen as a
Future Fuel

Future Fuels CRC Citizens Panel
31¢May 2022

Dr Patrick Hartley
CSIRO Hydrogen Industry Mission Lead
3rd May 2022

Australi's Nationa cience Agency

Uses of Hydrogen

Am
(ﬂg é Tramsport @

w4

Electricey
systems

« Hydrogen can be used to decarbonize and couple diverse energy & feedstock value chains
«  Establishing an Australian hydrogen industry offers additional opportunities in associated industries

Feedstock

Refining Ammonia 38%
%
Other .3 Methanol
0.02% :
DRI 6%

Todays Market: Global Demand (2020) = 90Mt

Hydrogen Use Today: Industrial

1EA Net Zero Emissions by
2050 Scenaio
e I, Gos Grid njection —

Buidings —

1EA (2021), Hydrogen, IEA, Pais tos://wwiiea org/ceports/hycrogen

Hydrogen Mobility Technology: Fuel Cell Electric Vehicles (FCEV)

|

Engine :  1.2kWh (182Hp) FCEV

Battery:  1.2kWh Li-ion —
Acceln.:  0-97km/h 8.7 Sec.

Max Speed: 175 km/h 3

Range: 647 km (EPA)
Hydrogen Tanks: 3 x hydrogen tanks = 141 liters =5.6 kg
Tank weight = ~100kg

Hydrogen in Transport
* Zero Emissions (CO,, Pollution)
similar to diesel vehicles (300-600km)

Short refuelling (~10 mins)
Familiar user experience

nerwirke
> Road vehicles complementary to battery EV, choice
depends on operating characteristics
Key Challenges
Refuelling Infrastructure (Cost, Availability)
+ Competing technologies eg BEV
*  Vehicle Availability
« Retail Cost of Hydrogen

. l |
High Energy Density Fuel allows Longer routes: Range j

‘Back to base’ models mean less reliance on refueller

Pussenger Vene
i ' ) wn ™
v 1 o4 "
v 1w an 25 1.

Comparison of Vehicle Type by Lowest Costof Transport (LcOT)
CSIRO National Hydrogen Roadmap (2018)

@

Delivering today for a better future

Hydrogen in Gas Networks
Hydrogen can be blended with natural gas up to
~10% and burned in existing appliances for heat
to reduce overall emissions

Australia’s extensive gas distribution networks
could be used to store and move hydrogen
around the country

Key Challenges

Increasing content above 10% may require
changes to pipeline materials and appliances
Hydrogen is currently high cost fuel for this
application relative to natural gas
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Hydrogen in Industrial Processes

Hydrogen use in industrial processes eg ammonia
production is an existing large market

Replacing existing ‘dirty’ industrial hydrogen
demand with ‘clean’ hydrogen could lead to
significant industry emissions reductions

Scaling up industrial demand should lead to
hydrogen supply cost reductions of
scale)

Could lead to new industries such as ‘Green Steel’

Key Challenges

« Switch over is capital intensive
Innovation required for new industry
opportunities to be realized (eg green steel)

vy AT

Hydrogen in Electricity Systems
Electrolysis & Fuel Cell technologies can ‘sector
couple’ hydrogen with electricity systems
Hydrogen can be stored for extended periods
‘seasonal storage’ cf. batteries

Electrolysis is a flexible load which could be used
to smooth out ‘boom and bust’ renewable
energy production on the grid

Key Challenges

« Capital cost of infrastructure
« Price point of competing technologies eg

s/ favo.comau/

LAVO HESS System
* 40kWh Storage

batteries * 5kW Power output
« Unit weight: $324kg
20,000 Cycle Lifetime

Hydrogen Export Partnerships

Australia has the resources and skills to build a sustainable hydrogen
export industry

Australia’s comparative advantage:

* Extensive natural resources (solar, wind, fossil fuels, CO, storage,
available land)

° Geographical proximity

° Existing trade relationships (e.g. JAEPA, KAFTA)
° Existing Energy Resource Trade (eg LNG)

Skilled workforce

Costs Competitiveness Analysis: CSIRO National Hydrogen Roadmap

R H; sy cost projection (Becclyss)

| Hydrogen
P

Baso case (2018) Hsuppiy costbarier

Bt case (-2029) i suppy costbarier

man , supply cost barer

i

2025 2030
2 “H, Under 2" Hydrogen becomes competitive on a production cost
basis with incumbent fuels in many applications at $2 per kg

Australia’s Hydrogen Hubs

Hubs h ave existing capabilities, infrastructure and resourc
could aggre| ppl y and demand opportunities, share infrastructure, a
ealize economies of scale

. mﬂ “* = == @

RP1.07. Deliberative engagement processes on the role
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Thank you

Hydrogen ndustry Mission

Dr Patrick Hartley

CSIRO Hydrogen Industry Mission Leader
46139545 2595

patrick hartley@csiro.au
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THE UNIVERSITY

ADELAIDE

Dr Tara Hosseini (Univer
Professor Peter Ashma

May 2022

Organic Waste generation

- + Waste produced in Australia
- B are 689 milion tonnes
;m during the year 2016-17.
i: « Of the total waste produced,
- = 219 % (151 MT) ae
- i CH |,

) n B - Organic wastes has a

potential to be converted toa

green fuel called
“Biomethane”

(Australian Bureau of Statistics, 2016-2017)

The University of Adelaide

Drivers for biomethane industry

« 40% of the Australian waste is disposed to landfill because of :
o Access to massive landmasses
o Many abandoned open-pit mines converted into landfill

« Drivers for biomethane
QO Demand for CO: neutral energy production
0 Increasing electricity and gas prices
Q Rising landfill levys
QO Biomethane is easily storable and could be used with the natural
gas in any proportions
Q Demand for digestate from biomethane process as soil fertiliser

(Energy Networks Australia and Bioenergy Australia, Biogas Symposium, 2019)
xplained (select

The University of Adelaide

slmg

Biogas from landfills and wastewater treatment plants

+ Most landfill site operations will include the collection of methane from
underground.

In some cases, the methane is burned in engines to generate electricity
that can either be used on-site or sold into the electricity grid

But in all other cases the methane is burned
without recovering useful energy.

This is done for environmental reasons since
the greenhouse gas potency of methane is so
much higher than carbon dioxide (21 times!).

+ And so, environmentally, it is better to burn
methane and release CO than to emit the
methane directly, which would happen if the
methane was not collected.

Methane Capture and Use

Climate Change | US EPA

The University of Adelaide

Slid @

+ Food waste from Kerbside Collection + Garden waste from Kerbside Collection

(Ref: National Waste Reporting Mapping tool, Department of Agriculture, Water and Environment)

The University of Adelaide

Role of biomethane in Circular Economy

Linear Economy

Dy e ) v
SER

Manufacture

Circular Economy

The University of Adelaide
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How is organic wastes turned into biogas?

77

. 7 \
Animal wastes ‘\H

w= ~
Food wastes @ - b \
@ 4 erobi @ @

Agri-wastes

Organic ]
c Fertil Heat
vva;ZZhOId dige izer
ster

The University of Adelaide

Fuel

Biogas Plant and zero net CO> emission

(Biogas Opportunities for Australia ENEA Consulting — March 2019)

The University of Adelaide

Biogas Production status in Australia

The Australian biogas industry is emerging. In 2016-17, electricity generation from
biogas was about 1,200 GWh.

The biogas industry in Australia is mostly dominated by landfills and wastewater
plants

The total estimated biogas potential in Australia is 103 TWh which is comparable with

current biogas production in Germany.

Australia’s biogas potential is equivalent to almost 9% of Australia's total energy
consumption in 2016-2017

Considering the current average size of biogas units in Australia, this could represent
up to 90,000 biogas units .

The University of Adelaide

(Biogas Opportunities for Australia ENEA Consulting - March 2019)

.

Conclusions and Summary

Advantages of biomethane:

= Resolves the organic waste problem
= Renewable & sustainable

= Emits less CO than natural gas

= Adapts to current infrastructure

Biomethane can be injected into the gas grid and serve several uses for

consumers such as heating, industrial purposes or fuel for gas vehicles.

The biogas industry provides an alternative route for waste treatment while

contributing to the development of local economies.

It can be made from a large variety of organic resources, including industrial
waste, agricultural wastes, energy crops, sludge from waste water treatment and

biowaste

The University of Adelaide

Thanks for your attention

Any question?

Contact us:

“on cnmee o

THE UNIVERSITY

o ADELAIDE
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Understanding and addressing
energy vulnerability

Dr Nicola Willand
RMIT University

FFCRC Citizens Panel, 10 May 2022

In 2015/16
-.over 2% of Australiang,could not heat theiwh
-about 10%ef Australians struggled'to.paygas,

electricity or phone bills. N

17 Holisehold £ ituge Sturvey, Atralja: Summan,
s, CAnberta,

at is energy poverty?

No single definition — energy/ equity/ housing/ health

Lack of access to affordable, safe, renewable and reliable essential energy services (eouzarosi
2013; Thomson, Bouzarovski & Snell 2017; UN  2019; Bouzarovski, Petrova & Tirado-Herrero 2014)

Fuel poverty = “... the inability to heat one’s home
to an adequate (i.e. comfortable and safe) temperature, owing to low household income and low
energy efficiency” o 2008)

Energy stress = "paying disproportionately more of their income on energy than the national
average” (Acoss, BSL, ANU SR&M 2018)

Energy vulnerability = intersection of risk and sensitivity to fuel poverty and adaptive capacity
(Middiemiss & Gillard 2015)

Temporary/ persistent cosszois) Spectrum

® RM

UNIVER:

“It is a societal
expectation that
people can heat
their home to a
comfortable

Ener gy Housing
temperature™

consumpti en quality
Energy costs

Income

Energy vulnerabilirtyh—‘ r‘i‘sk‘ bf harm due to

energy poverty

= Intersecti on of
risk and
sensitivity t0
energy pov,erty 6\
and adapti /& ‘z}

Lack of access

Energy costs Energy
capacty Lﬁ to affordable, ma:k?sl
s, B ~ [ renewable and, Energy
i g reliable consumption Climate
Sousarond & sof 3 2 essential |Vulnerability Practices
%_ energy Housing Fuel types
services wality
B Negotiation . % Housing
of the energy regulations
market Expenses

Capabilty  Access to
loretrofit  concessions,

UNIVERS

SRV Aaptive capec™
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How should we measure it?

Vulnerability approach

Adaptive capacity Sensitivity

« Agency « Old and very young

« Choice people

« Control « Physiological illnesses
« Education * Mental illnesses

Energy literacy

Financial literacy

Access to technology & information
Dwelling characteristics

Tenancy and consumer laws

Because it may be a physiological health risk

" Energy deprivation

« Negotiation of the energy market -
(ACOSS & BSL 2019; ACOSS, BSL & ANU CSR&M
4 RM|  2018acoss, BSL & TCI 2017 Liu & Judd 2017; ® RM (Chard & Waller 2016; Liddell & Guiney 2015
UNIVER:  Waittet al. 2016; Wiland & Horne 2016) UNTVERS Marmot Review Team 2011; Nichols et al. 2017)
Evidence Example
Studies: Retired woman, owner occupier, living alone, Tasmania,

Unexpected high
incidence of
hypothermiawhen
staying indoors,

evenin summer (VIC, SA)

+ perceived home as being uncomfortably cold,
* Wentto bed early at night to keep warm witang et ai. 2019)

- Adequate minimum temperature threshold 18°C wo 205

not achieved in any month, even in summer ﬂ

Risk factors: e = Tif?f_- T —=—T
+ age >65 years, - 18°C | — — - L
« chronic disease, 5 I TITLTH
« living on a pension, | i T Al - s
« social isolation I i i i i i i l i
(Bright et al. 2014; Forcey et al. 2019) L
o July Jan July
®RMII — ®RM n
Why does it matter? » Why does it matter? =
Because it may be a physiological health risk Because it may be a mental health risk
“Next month is going to
Energy deprivation + Anxiety about bills be a shock. Because we.
4 « Perceived lack of control know that n the winter
we're going to have alarge
Hot h bill”
ot home George, age 78
Because it may be social health risk
Compromising on “We're not in Probus,
RHEEER « Social activities they go on trips... and
: thingslike that. We spent
* School !”ps money in that, and we've
« Job interviews that require transport gotthatin our pocketsnow,
summer death 5o that makes it a bit easier
for us,, with our bills.”
M RV (Chard & walker 2016; Liddell & Guiney 2015; Marmot Review Team ® RM Larry, age 83
UNIVERS 2011; Nicholls et al. 2017) UNIVERS N
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Why does it matter?

Because it may be a hidden problem

Some people may not seek hel p s
dueto

* Pride

« Frugality

« Priorities in paying bills

Why does it matter?

Because the problemis likely to increase

« Energy prices are increasing more than income support
« Cost of housing is becoming more unaffordable
* More people are renting

4 Victorian eloctricity and gas price Index 20002017,

g €

« Support shifting £ e conesatiny
Source of | @002,
“I take the money off of the ]
food to make sure the bills are £ ..
paid.” £ o0
Natalie, age 69 H
fw
“We've never had to struggle ®
about paying our bills. We go : o
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Why does it matter? - Mapping Vulnerability to Future Fuels: -
i A Scoping Review
Because the low carbon transition should not
disadvantage any people
« Paris Agreement:
Parties should [...] respect, promote and consider their 35 sources — little differentiation of energy carriers
respective obligations on human rights, the right to health, | T "
[...] persons with disabilities and people in vulnerable I muttifacetes "
situations [....] w201 « individual factors - employment, health %
conditions, disability and age.
Because affordable and clean energy « external - living in rental houses and
is a Sustainable Development Goal social housing, housing with poor
« Ensure access to affordable, thermal performance, inefficient
reliable, sustainable and modern technology. LR Y]
energy for all. uxzoi) + policy and market factors - gas price Seoptes Vet o
structures, access to retailer hardship, A Scoping Review
d \'JSIIV\:!J . b \IJSI’"XIH government support programs
Mapping Vulnerability to Future Fuels: = Energy vulnerability measures
A Scoping Review
15 sources —mostly UK and EU, no research/data in Australia Policies &
“decarbonisation of heat” (fuel poverty) programs
- higher cost of energy
- cost to change appliances Local level
+ better access to reliable energy for rem .
+ security of energy supply through diver Individual level
+ lower energy costs from utilising existin
4 RM + positive opportunity costs of moving to » RM
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Policies and programs

Promotion of housing energy efficiency
« Minimum energy efficiency standards for rental properties

Target retrofit subsidies at vulnerable households (SA 100%,
ACT 30%, VIC 0%)

Ensure benefits of solar PV for vulnerable households
Improve energy efficiency of social housing

Figure 1: Average SAP rating by tenure, fuel poor and all households, 2003-2017*

n Social housing (all)

Source of diagram: BEIS
2019, Consultation on the
Fuel Poverty Strategy for
England, EIS Department

for Business, page 9 ° g
om0 ¢ o0 am 2om

Aveeazn SAP ting

w|  Private rented (fuel poor)

Policies and programs

Energy concessions

Ensure equality among states (type, amount)

Extend beyond welfare recipients (e.g. ‘working poor’)
Improve identification of eligible households

Ensure easy application processes

Ensure effectiveness

Figure 1 sactors

mor oo 0 dom dow 0m 2w s mie w0
Consumer Commission, page 12 2
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Policies and programs

Information provision
« Advice on energy bills, energy practices, income support
« Tailor energy advice to individual households (language,
type of home, avoid entrenching of existing curtailing
practices)

Collaborate with trusted intermediaries, e.g. community
groups

Introduce mandatory
energy efficiency
assessments for existing
dwellings

Source of image: Gralo, via Wikimedia
Commons

= UK 2008 [RU— |

Policies and programs

Protection of consumers in the energy market
« Ombudspersons — independent complaint-handling services
« E.g. Victorian Default Offer (electricity only)
« COVID19-triggered measures in VIC:
o No disconnection of hardship customers
o Credit pay-on-time discount even if payment is late

o Temporary obligation for energy retailers to check
eligibility for concessions

Local level

Council-led initiatives
« Top-up subsidies, bulk-buy schemes, community education
« E.g. UK, Europe: local initiatives and collaborations
o Identification (maps, GPs, other front-line workers)
o Single point of referral
o Comprehensive assistance
oEmployment of long term
unemployed people

e.g. UK Poor housing map —
prevalence of EPC E/F/G
rated dwellings

SH 2021, The FR
i Buddiant Cym

cymru

Individual level

What YOU can do:
« Ensure energy efficiency in your rental
properties

Watch for hidden energy poverty

Help family members, friends and
neighbours

National resources

o Energy Consumers Australia

o Energy Made Easy website

o DISER Households (look for your
state)

- Andrea Piacquadio from Pexels
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Electricity has been more emissions intensive than gas frontier ‘

AUSTRALIA'S GREENHOUSE GAS EMISSIONS, 1990 70 2030

Emissions intensity of electricity has been falling

Figure 3.5 Australian electicity generason fuel mix
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frontier'y

Reducing emissions from the use of natural gas .
s more challenging frontier'y

O Switch to using hydrogen instead of natural gas.
LT 3 " 0 Produce hydrogen using electrolysis powered from
renewable electricity.

Switch to using hydrogen instead of natural gas.

Option 2: Produce hydrogen using natural gas SMR.
Capture the carbon emissions from SMR, for storage or use.
Option 3: 0 Switch to using electricity instead of natural gas.
Electrificati Generate electricity from renewable sources.

Other options are also possible, such as biomethane or other forms of renewable for industrial customers.

Existing energy supply chain

Currerty, e0d-use customers e both escticily and gss.

frontier 'y

Hydrogen electrolysis — supply chain

By 2050, elecirolysis used 1 procuce hydrogen gss, R dSITBUton in oS network

Hydrogen SMR — supply chain

B p———

frontier'y
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Electrification — supply chain

frontier'y

By 2050, ok snd-use gas consumplion sweche

=
Electricityheat
— o

o sheckicity of atermathes.

What are the costs to society?

[>]

O

frontier'y

Electricity is expensive to store and to deliver to
meet peak demand. This makes electrification
costly.

Electrolysers can run when electricity is cheap.
Hydrogen is cheap to store, so once produced it
can be stored to meet winter heating demand

Because gas is cheap, producing hydrogen using
SMR may be lower cost than electrolysis
But carbon needs to be captured and stored.

Hydrogen can be delivered using existing

distribution pipelines. This avoids the need to

invest in an alternative way of delivering this
energy (such as electricity distribution).

What are the implications for households?

1

(%)

'y

[>]

2]

[>]

frontier

Households that currently use gas would need new

+ Hydrogen blends up to 10% can be used in existing appliances. Beyond that, new appliances
will be needed.

+ Households that electrify will need new electric appliances (heat pumps, electric cooktops, etc)

Households that electrify will also face additional costs. These could include, additional wiring, re-wiring to
increase capacity, upgrading power supply, etc.

Households that electrify may increase the value of their solar panels by being able to consume more of
the electricity they generate.

What happens to total bills is uncertain:
+ Gas s typically cheaper than electricity.
+ But electric appliances can be more efficient than gas appliances.
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Trade-offs and Challenges of Energy
Iransitions

Greg Bourne - Climate Councillor

Formerly

Chair -Australian Renewable Energy Agency
CEO “WWF Australia

Regional President - BP Australasia

Trade-offs ~ Economic/Social/Environmental

Sustainable
Developmentisa
challenge for
society in which
we all have a part
to play.

Socal/Cutural

\./" i

Progress towards
Sustainable
Development
Goal

Trade-offs should not be
seenas things society or the
environment have to give up

in order to make way for

business.
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‘Trade-offs - Economic/Social/Environmental

Development

As long as the “economic
actors” treat the social and
environmental dimensions

Trade Trade
Off up
Thinking Thinking

Balance Economic
Development

as “externalities” there will
be social and
environmental groups in
society trying to reverse
negative impacts and

Social/Cultural

Disocation create positive outcomes.

Energy transitions are not new

Lighting

Moving

Heating

s

90%
80%
70%
60%
50%
40%
30%
20%
10%

\‘/" e

Energy transitions are not new
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Transitions bring change and trade-offs

All social and economic transitions come with:

Job creation — Job losses

Resistance to change — Acceptance of change

Incumbent Pains — New entrant Gains
Location of Pains — Location of Gains

Job changes affect different groups very differently!

Transitions bring change and trade-offs

Economic changes - domestic and exports

Coal phases out — Cleaner air — health benefits
Gas (Natural gas) phases down - Hydrogen phases in — Cost
penalty?

Gasoline and diesel phase out — electricity for EVs phases in —
electricity bills higher, but petrol/diesel bills lower.

Less aquifer and watershed pollution and land pollution from
mining and gas extraction.

More visibility of energy generation and storage
wind, solar, batteries, pumped hydro storage

natural and

Impacts and risks for selected natural, managed and human systems
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¢ W g
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t o
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Purple indicates very high
risks of severe impacts/risks
and the presence of
significant irreversibility or
the persistence of
climate-related hazards,
combined with limited
ability to adapt due to the
nature of the hazard or
impacts/risks.

. Red indicates severe and

widespread impacts/risks.
Yellow indicates that
impacts/risks are detectable
and attributable to climate
change with at least medium
confidence.

White indicates that no
impacts are detectable and
attributable to climate
change.
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Future Fuels CRC

Enabling the Decarbonisation of
Australia’s Energy Networks

D www.futurefuelscrc.com
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