BRITAiN

Zero Carbon Frome
How we can get to Zero!

\"'A Centre for Alternative Technology
4“V Canolfan y Dechnoleg Amgen



Where we are now? - Normality
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Nations Unies
Conférence sur les Changements Climatiques 2015

COP21/CMP11

Paris,;;France %

E
Long live Humanity.Longlive Irfe itself.”

P A R | S 2 O 1 5 “well below 2C above pre-industrial

UN CLIMATE CHANGE CONFERENCE levels and to pursue efforts to limit

COP21-CMP11 temperature increase to 1.5C”,
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Timeline: How countries plan to raise the ambition
of their climate pledges

L. 12030
'I'he Paris "ratchet mechanism” is designed to steadily increase ambition over time, ensuring that (i A
the world reaches net zero emissions in the second half of the century and keeps temperature rise \5> By 2025
"well below 2C". [

Countries submit their third round of climate pledges.

© |

(3) By 2020 su  |2025 2026 2027 2028 2029
Countries with 2025 targets communicate their second (8 'f 3
round of climate pledges, while countries with 2030 targets dd e

communicate or update their pledge.

New climate pledges will then be submitted every 5 years.

@ Second stocktake
Ja 12020 2021 2022 2023 2024 bl
@ Climate plans submitted My e
Countries submit their first round of climate pledges
(NDCs). Some cover the period up to 2025, some up to
2030. ~
@ Global stocktake

On mitigation, adaptation and finance.
2015 2016 2017 2018 2019\
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Political | Physical
realism ' realism

< The physics-politics gap sl
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Where we are now
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UK Carbon capture today
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Where do we need to be — delivering the Paris Agreement

An Alternative
Energy Strategy
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Power-down & Power-up

Through integrating a smart approach to
food, diet, buildings, transport, energy &
land-use, the UK’s greenhouse gas emissions
can be reduced to net zero

e without relying on future technology
e without major impacts on quality of life
 whilst also considering ‘adaptation’




Power down from
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Car sfisbze

Bus/coach Hliiuhuielll
Rail - il

Road freight

e
Shipping
(domestic and .&

international)

Aviation
(domestic and
international)

700 TWh/yr

Travelling
less and
differently

Improved
efficiency

- 35%

- 78%

440 TWh/yr 155 TWh/yr



Powering up i\ -

Britain with 100% 1\ electriity
renewables: 738
Can we
“keep the lights
on”?

Hydro power, solar PV
and geothermal electricity




Yes we can!

The ZCB Energy \ eIeTc(;tr?clity
Model: i 738
is based on ten |
years of
real-world
hourly data
from

2002 - 2011

87,648 hours

Hydro power, solar PV
and geothermal electricity
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- Wave and tidal power
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Synthetic gas storage = Demand met 100% of time
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Carbon Management
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Toward understanding the challenges and
opportunities in managing hourly variability in a
100% renewable energy system for the UK

Alice Hooker-Stroud”, Philip James®, Tobt Kellner” & Paut Allen”
* Centre for Alternative Tachnology, Liwyngwem Quarry, Machynlieth, Powys, SY20 9AZ

— Published online: 22 Apr 2015,

Toward understanding the challenges and opportunities

in managing hourly variability in a 100% renewable
energy system for the UK

Cardon Manoagessent 202

Alice Hooker-Stroud®, Philip James, Tobi Kellner & Paul Allen
One hundred percent rencwable energy systems have the p change. but lage
Nuctuations in enegy supply and demand make ensuring relabimya ey m.leﬁge A hypothatical future
ensrgy system developed for the UK features reduced 1otal energy demand, indreased electrification and
100% renvewable and urbon—newal energy sources, Hourly moedeling of this system owver a 10-year period
shows that oven & an =1 d ercrgy there will be significare eleciricity surphuses and shortfalls.
Fb:dbbdm.v\dwmnmmtdmrﬂtymd&nm;mdndmemhnmhmwwdexm
ity ired. Carbon-neutral synth fuel could provide a flexible and quickly dispatchable
Mun system, with large starage and oeoefaionaoxn ies comparable with those in the UK today,




The ZCB Scenario demonstrates

* 82% of the time, the supply of renewable electricity exceeds
demand (inc. electricity for heating and transport).

* 18% of the time, electricity supply does not fully meet demand.
* Short-term storage & load shifting can reduce this from 18% to 15%.

* Biogas and carbon neutral synthetic gas are burned in gas power
stations to cover this.

* Management of supply and demand with a 100% renewable
energy system is possible with existing technology

* But it requires land to capture the carbon....



Rethinking diets & land-use

64% of adults overweight/obese
(Bates et al, 2011).

Too much food.

An unhealthy balance.
e Too much HFSS & high protein foods.

« Too little fruit, vegetables & cereals.

Waste (30% in Europe (FAO, 2011)).

People,
Plate and Planet

The impact of dietary choices on health,
greenhouse gas emissions and land use.



Average
diet ZCB

Average
diet today Starchy foods

Figure 3.29: The Eatwell Plate. Government

recommendations for a healthy balanced diet (FSA, 2007). - High protein foods

Today’s average diet and the average diet in our scenario
are shown (outside circle) relative to the Eatwell Plate - HFSS foods

recommendations (central circle). - FrulE andisgetables



Unmanaged/conserved
I Mixed grasses
I Unharvested forest
[ Harvested forest
"~ Foodforus

Food for livestock
I Grassland for livestock

B Urban

Land use today

Land use today

* 65-70% = food production/agriculture (despite 42% imports).
* 85% of agricultural land is used for livestock.
* Only about 12% = forest (European average = 37%).



Growing energy and making synthetic fuel

A

Land use today Land use in ZCB

Biomass For heat (37 TWh/yr)
Biomass or synthetic g
(+waste) biogas (94 TWh/yr)
I Grasstand for livestock
} . Mixed grasses (Miscanthus/other) i =) E
- Short rotation forestry (SRF) Blomass For synthetic liquid
fuel (143 TWh/yr)

Figure 3.30: Area of land used today (DEFRA, 2012) that is used for energy crops in our scenario, the types of crop grown, and
the amount and use of the biomass produced.



Capturing carbon - ecologically

Land use today Land use in ZCB

e Double forest area.
e Increased use of wood products.

e Restore 50% of peatlands.

Balance GHG emissions of

~ L
45MtCO,e/year :
Materialsinuse -
- Grassland for <
livestock u
n
iiedgrases - Restored peatland -

(hemp in ZCB) Short rotation ;

forestry (SRF)
- Unharvested forest Silo storage Plant-based materials Biochar
4.3 MC0¢/yr in buildings and 1.6 MtCO,e/yr
Fiaure 3.34: Area of land used for cabpturing carbon in our scenario, infrastructure

the methods, and how much carbon is captured as a result.

1B M0



Land use today

Land usein ZCB

- Unmanaged/conserved
[ Mixed grasses
B Unharvested forest
[ Harvested forest
I Food forus
Food for livestock
[ Grassland for livestock

B Urban

Unmanaged/conserved
I Restored peatland
B Unharvested forest
I Harvested forest
I short rotation forestry (SRF)
B short rotation coppice (SRC)
B Mixed grasses
P Food for us

Food for livestock
B Grassland for livestock

B vban

Figure 3.37: Approximate land use in our scenario (not including water courses and coastal areas).
‘Mixed grasses’ includes hemp, Miscanthus and other energy grass crops.



Unmanaged/conserved
[ Mixed grasses
B Unharvested forest
7777 Harvested forest
I Food forus
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[ Grassland for livestock

I urban

Land use today

Unmanaged/conserved
I Restored peatland
B Unharvested forest
I Harvested forest
I short rotation forestry (SRF)

@

=1 B short rotation coppice (SRC)
£ B Mixed grasses

g B Food forus

© Food for livestock

= -

= I Grassland for livestock

I Urban

Figure 3.37: Approximate land use in our scenario (not including water courses and coastal areas).
‘Mixed grasses’ includes hemp, Miscanthus and other energy grass crops.



Net zero emissions is achievable

Capture (MtCO,e) Emissions (MtCO_e)
Ja —_ NG} w 1N w o)) ~I
3 = 3 = 3 3 = 3 =

Aviation effects

Non-energy

. Land use

Total = net zero
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WHO'’S GETTING
READY FOR ZERO?




WHO’S GETTING READY FOR ZERO?

COUNTRY SCENARIOS
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Figure1
Wind Capacity Increased as Prices Fell
Land-based wind installations (in gigawatts) and cost (in cents per kilowatt-hour)
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Showing have all the technologies
opens new conversations
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‘The trend is our friend’
-but how do we get there in time?



Private &
Personal

Social Network

sh :
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Organizational
W"S . change ¥
Public
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Cultural Q°
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€ norm rories:
S, systems, S

Rather than an unresolved
technical challenge, it is
increasingly accepted that we
actually face a mix of economic,
cultural & psychological barriers.

Yet changing how millions of

people thin
special kinc

< & live is a very
of problem... as the

forces whic

n shape our lives exist

on many different levels



Tackling such a complex
challenge requires a
new kind of approach

Tools which join-up
research & practice
across disciplines,
borders, sectors &
scales.

=101\
zerocarbonbritain.org #ZCB B R I TA;N



e Science*™

* Technology*

e Culture

e Economics

* Psychology

* Philosophy

* Sociology

History
Democracy

LdW

* Spirit

ldentifying barriers & how we overcome them




Tools to un-lock our ‘carbon lock-in’

The historical, technical, cultural
& institutional co-evolution of
fossil fuels with how we deliver
energy, housing, transport &
agricultural systems has created
persistent forces that are
hugely resistant to change!










RobinHoodenergy HomeEnergy BusinessEnergy AboutUs

A not for profit company

An energy company that’s
putting people first

Robin Hood Energy is the first, not for profit, energy company, owned by a local

authority. We were set up to tackle fuel poverty and to help give people a cheaper, more
helpful alternative to the Big Six. Launched by Nottingham City Council, we're proud to be
leading the way in trying to reduce fuel poverty for those who need help the most.

And this makes a big difference to the way we do business. We're a not-for-profit company,
SO we can keep our prices low and competitive. We don’t have private shareholders
watching our every move, or big bonuses for our company directors. Instead, we have one
simple aim - to bring you cheaper gas and electricity.

For years, energy costs have been rising. Many of us have felt mistrustful of the big energy
providers and frustrated with the lack of service. Worse, energy poverty has increased,
with more and more households struggling to afford to keep their homes warm and dry.
That's where we come in.

It's time to say goodbye Big Six, hello smaller bills.

How much could you save?

Work For Us
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Transport

Credit: York Bike Belles
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How do we overcome the wider systemic barriers?



Politics and Governance

Lobbyin
Lobbying, e et P %




PLAN °

Plan B is a Charitable Incorporated Organisation
(CIO) registered with UK Charity Commissioners
(registered no. 1167953).

Mission statement

Plan B has been established to support strategic legal
actionagainst climate change. By ensuring those
responsible for greenhouse gas emissions bear the
costs of loss and damage, we will increase the
incentives for investment in clean technologies,
harnessing market forces towards a better future for
us all.

www.planb.earth offers more detailed analysis in

relation to Four Key Scenarios:

(i) Countries' legal obligations to each other,

(ii) Challenging your government's actions on climate
change, i.e the potential for NGOs and citizens to
bring legal actions requiring their national or
regional governments to take appropriate action
on climate change.

(iii)Liability of carbon majors, i.e. The principles of
private law which may support actions in tort
against fossil fuel companies for climate change
loss and damage; and The potential liability of
companies under constitutional and human rights
principles

(iv)Investor and financier liability, i.e. the potential to
bring action against those supporting and profiting
from the fossil fuel industry.
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Communlcatlons

Media sao
THE ILLUSION OF CHOICE

Media has never been more consolidated. 6 media giants now
control a staggering 90% of what we read, watch, or listen to.

nm GHhr's NEWS WILL BE
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Communications

WE DID IT?

LEGO BLOCKS SHELL

Credit: Greenpeace



B New Project |

Burbo Bank Wind Farm

Are you a wind power Superhero? Join us around
the world in the unveiling of our Guinness World
Records™ attempt.

QExplore




WP/15/105
S5.3 trillion
In 2015.

IMF Working Paper

How Large Are Global Energy Subsidies?



conomics and Finance

B Beyond the boundary
. Boundary not quantified

DOUGHNUT
ECONOMICS

Seven Ways to Think Like a
21st-Century Economist

climate
change

?‘coLOGlCAL CE’L,~C

woter fooy

¢

KATE RAWORTH

‘I read this book with the excitement that the people of his
day must have read John Maynard Keynes's General Theory.
It is brilliant, thrilling and revolutionary. George Monbiot
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Ecological footprint

Psychology & Behaviour



Carbon literacy is the underpinning knowledge required to create
this vital shift in how we live, work and study. The project is built on
the principle that when we are carbon |iterate will have an instinctive
understanding of the carbon impacts of our activities, and be able to
make informed choices about the most energy and resource efficient
and lowest carbon options available to us.

Carbon Literacy
Project

‘Carbon Literacy is about understanding what | actually need

#
“‘*i ﬁ‘i‘ é to do, where | can get help to do it, actually doing it and
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seeing that I've done it."
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” “What Manchester does today, the world does tomorrow”
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74 place greater

Importance on
0/ compassionate values
0 than selfish values

\/

77 of people believe that their fellow citizens
o hold selfish values to be more important,

/ and compassionate values less
O important, than is actually the case

This misconception is holding us back from strengthening and celebrating
the values that bring us together, rather than those that set us apart.
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WELCOME TO CAMBRIDGE

ZERO'CARBOIN CITY Zero Carbon Liverpool will be

running two local workshops:
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Ideas for going forwards ...

Detailed action plans for powerdown / power up
Making it Happen — explore your local barriers and how
can they be overcome?

Multi-solving — bridging key silos & building coalition
Frome ‘Convergence on Zero’

Arts engagement / communication

Talanoa Dialogue linking to the global process

Zero Carbon Frome ‘Discovery Trail’

Future visioning workshops

Network of zero carbon towns









Postcard from the Future —

Not a list of ‘what it could be like’, or ‘should be like’ ...
— but imagine yourselves living a zero carbon culture in 2050.

Actually being in that ‘zero carbon world’ so many of us are
working so very hard to bring to life!

Conversations, your diary, news, blogs, tweets, drawings....



Re-imagining our Culture ...

* What’s for my dinner?

 How did | travel here?

* What’s new for me?

* Have you seen my house now?

* What the kids get up to

 What’s on at the arts centre?

* The office party

* How it feels to have sorted climate

Our holiday

Our allotments

Time in Nature

The Frome Bike Belles

How | spend my leisure time
The Local Council

Thinking back on fossil days
Stopping Shopping



ZCB Discovery Tralil

What contribution can different
actions or technologies make
towards getting us to zero?






Discovery Trail

Y Liwybr Darganfod

Welcome

What is
Zero Carbon Britain?

Zero Carbon Britain is a country much like ours but one
that emits no more greenhouse gases thanits land can
absorb. The things we do today, like living in warm homes,
travelling and making things, still happen in Zero Carbon
Britain, but in ways that don’t produce any greenhouse
gases.

Zero Carbon Britain is in the future but not too far away --
we could get there in around 20 years.

Why do we need it?

Greenhouse gases are building up in our atmosphere
and are causing dimate change. We've already warmed
the planet by nearly 1°C. If we keep emitting we’ll warm
it by many degrees. The first effects of climate change,
like storms, flooding, drought and heat waves are already
being felt. They will only get more extreme.

How do we get there?

That’s what this discovery trail is all about. Follow the trail

and you'll discover the ch and technologies we will

need to get to Zero Carbon Britain.

You'll leam how we can:

@ Power Down —reduce our energy demand by using
energy more efficiently

@ Power Up — supply all the energy we need from
renewable sources

@ Change our food and diets to a healthier, lower-carbon
altemative

@ Increase the carbon stored in our soils, woodlands and
buildings

Croeso

Beth yw'r
Brydain Ddi-garbon?

Gwiad ddigon tebyg i'n gwlad ni yw'r Brydain Ddi-garbon,
ond gwiad nad yw’n allyrru mwy o nwyon t¥ gwydr

nag y gall ei dir eu hamsugno. Bydd y pethau rydyn ni'n
eu gwneud heddiw, fel byw mewn tai cynnes, teithio a
gwneud pethau, yn digwydd yr un fath, ond mewn ffyrdd
sydd ddim yn cynhyrchu unrhyw nwyon t9 gwydr.

Yn y dyfodol y mae’ Brydain Ddi-garbon, ond heb fod yn
rhy bell — gallen ni ei chyiraedd o fewn tua 20 miynedd.

Pam mae el hangenarnon ni?

Mae nwyon ty gwydr yn cynyddu yn ein hatmosffer

acyn achosi newid yn yr hinsawdd. Rydyn ni eisoes

wedi cynhesuT blaned bron 1°C. Os daliwn ati, bydd y
tymheredd yn codi ayn dipyn yn fwy. Mae effeithiau cynta
newid yn yr hinsawdd, fa stormydd, llifogydd, sychdwr

a thywydd poeth eisoes gyda ni. Dim ond mynd yn fwy
eithafol y byddan nhw.

Sut mae el chyrraedd?

Dyna holl bwrpas y liwybr darganfod yma. Dilynwch

y llwybr a byddwch yn darganfod y newidiadau a'r

technolegau fydd eu h i gyrraedd y Brydain Ddi-

garbon.

Byddwich yn dysgu sut galtwn ni:

@ Bweru ilawr — lleihau ein galw am ynni drwy’i
ddefnyddio’n fwy effeithiol

@ Pweru i fyny — cyflenwiT holl ynni sydd ei angen o
ffynonellau adnew yddadwy

@ Newid ein bwyd a'n deietau i fwyta pethau sy’n iachach
acyn is eu carbon

@ CynydduT carbon a gedwir yn y pridd, ein coetiroedd
a'n hadeiladau

Discovery Trail game:
Getting to Zero

Can you find all the changes and technologies we
need to reduce emissions to zero?

On your game sheet you'll see circles. These show
s h gas 1s — 650

current gr
million tonnes per year!

Each trail point will tell you about a change or
technology and will show you how many circles of
greenhouse gas emissions it could prevent - write
this number on your gamesheet in the box next to
the trail point symbol and cross off that many drcles
ofgreenhouse gas. Find all the trail points
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Gém y Liwybr Darganfod:
Cyrraedd Sero

A allwch gael hyd it holl newidiadau a thechnolegau sydd
eu hangen i leihau allyriadau i sero?

Ar daflen eich gém, mi welwch chi gylchoedd. Mae' rhain
yn dangos allyriadau nwy ty gwydr presennol Prydain — 650
miliwn o dunelliT flwyddynt

Bydd pob pwynt ar y llwybr yn sén wrthoch chi am newid
neu dechnoleg gan ddangos i chi sawl cyich allyriadau nwy
t¥ gwydr y gallai ei atal — nodwch y rhif hwn ar eich taflen yn
y blwch nesa at symbol y pwynt ar y llwybr a dileu cynifer

a hynny o gylchoedd nwy t9 gwydr. Dewdch o hyd it holl
bwyntiau ar y liwybr a dhymraedd serol
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POWER DOWN
PWERU I LAWR ¥

Highly energy-efficient new
buildings use just a tenth of the
energy for heating, compared to
average buildings today.

Built in 1978, the "Whole Home’
was ahead of its time, using super
insulation, quadruple glazing,
and heat-recovery ventilation. It
has performed very well as a low-
energy building. Better windows

Energy-efficient
new buildings

Adeiladau newydd
sy'n arbed ynni

more use of sunlight for heating
and lighting.

The UK constructs a few hundred
thousand new buildings each year.
These should all be highly energy
efficient so that we minimise
heating demand in Zero Carbon
Britain.

Mae adeiladau newydd sy’n arbed
llawer iawn o ynni yn defnyddio
degfed ran yn unigor ynnia
ddefnyddir at wresogi o'u cymharu
ag adeiladau cyffredin heddiw.

Wedi adeiladu ym 1978, roedd
y‘Cartref Cyfan’ o flaen ei amser,
gan ddefnyddio uwch-inswleiddio,
gwydr pedwarplyg ac awyru adfer
gwres. Mae wedi perfformio’n dda

ffenestri’'n golygu y gall adeiladau
modem ddefnyddio heulwen yn

fwy at wresogi a goleuo.

Bydd ychydig gannoedd o filcedd
o adeiladau newydd yn cael eu codi
yn y DU bob blwyddyn. Dylai fod
y rhaini gyd yn gallu arbed llawer
iawn o ynni fel y gallwn gadw'r
galw am wresogi it lleia posibl yn

y Brydain Ddi-garbon.

mean modern buildings can make iawn fel adeilad ynni isel. Mae gwell

ZCB Discovery Trail Game
Gém y Liwybr Darganfod @ X 1




Hopefuly you found the tral a fun
he k and

Putting it all together

Rhoi’r cwbl at
ei gilydd

How does our Zero Carbon Britaln

technologies we'll need 1o get 16 Zero

bod y Fwybe yn
hiwybeqi chiir piif newidiadas a

Sut I argyfer
Prydain Ddi-garbon yn gweithio? T
Drwy ‘Bweru § Lawr' ein galw am ynni,
Pwens i Fyny' ein hadnoddau ynni
adneayddadwy newid en deietay

5 thechnolegaua fydd eu hangen |

By Powering Down’our eneigy ! !

Carbon Britain, demand, Powering Up'our renewable grecaedd y Brydamn Ddi-garbon
Horo at CAI wa've erics 9y hanging dlets Yoy CyDA rycyn i wedii gweithio
of reports putting all thase pieces of nd ji il we a1 gyfi liadau sy ol
the jigsaw together. can provide a rellable energy system, ddamav'ejig-so x eigilydd.

Ourlatest ceport s Zero Carbon
Britexsz Rethvirking the Futuwre it
presents avision, based on detakled

improve our bealth, and becorme net
zero carbon.

The flow diagram below shows where
ot ©
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could work. [t shoves bow we can get
the energy we need a all times from
renewable sources, feed ourselves
onahealthy, low-carbon diet, and
reciuce gremnhouse-gss embsions to
000

in Zero Carbon Britan The folowing
dsphys summarse each partof Zero
Carbon Britan.

Ein hadwoddiad diweddaral yw Zero
Carbon Britain: Rethinking the Future.
A

in tir yn waharol, gallwn
ddarpina systern ynni dd bynadwy,
gwellaein hiechyd a dod ya hollol
ddi-garbon,

seibeckg ar ymehwil fanvl ynglyn

3 sutgallabt Brydain Odi-garbon
weethio. Mag'n dangos sut gallwn qael
y1 ynni sydd et angen diwy'radeg o
Hyrnonelau advrewydd,

u ladwvy. bwydo
win hunain ar ddelet lach, carbon Isel
2 leihau allyriadau vy 7 gwydri
ddim.

Mae g da
bl mae ein hynai'n do’d ac i;emae‘n
mynd yn y Brydain Bck-garbon. Mae'r
arddangosfeydd caniynol yo crynhoi
Pob than or Brydain Udi-garbon,




