2050 Pathways Calculator

A platform for an energy literate debate

UK Government’s and other international approaches on modelling energy development and emissions

challenges of the future

Friday 30th November 2012; 18.30 - 20.00; Doha Climate Change Conference
Dr Jan Ole Kiso
Strategy and Communication Directorate to the UK Department of Energy and Climate Change

IR hitp://decc.gov.uk/2050




2050 Pathways Calculator

B The Challenge

A\
\

d UK 2050 Pathways

LA |
\

i
\

‘Y\‘

Q China 2050

Data

W
N

W\
§\\

Emissions and Energy

\\

N

O Next Steps

W

0\
N

Costs and Investment

Industry
Expertise

Decision points



DEPARTMENT OF

. « ENERGY
Why think now about 20507 - & CLIMATELGEUTE

TV -7 years average lifetime -
For electrification of road
transport current fuel

infrastructure would have to

’_hf.n'ﬂ‘:h_r»-—. . .
* Car — 13 years average lifetime
' be replaced.

Current gas infrastructure in
streets and within homes would

e
L have to be replaced. This

Gas Boiler — 10 to 20 years average lifetime

therefore only likely to happen

Aeroplane — 30 year average lifetime
once.

Nuclear Power Station — 30 to 40 years lifetime

Coal Power Station — 40 to 50 years lifetime

It is important to manage the risk of locking in ‘dirty’ technologies to ensure we can meet

our 2050 target — equally, new technologies should not be locked-out just for being new.




Scale of the international 2050 challenge — FERGY
breaking the link between energy use and "
emissions
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From David MacKay — ‘Sustainable energy without the hot air’
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Scale of the 2050 challenge for a - ENERGY
developed economy — UK example

Tem Courdell 10 October 2012 10mm
UK Greenhouse gas emissions 1750-2050
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. \ ENERGY
What is the 2050 Calculator approach? HANGE

» All energy and all GhG emissions options calculated in an easy-to-use and open-
access model

» Understanding what can ‘happen on the ground’ from an engineering and land-use
perspective

« Aim is to better understand trade-offs, impacts and scales of change in a holistic way

2050 Analysis

My2050 Web Tool Excel Spreadsheet

* Educational tool

» Technical expert
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e and initial stakeholders » Technical expert
Audience engagement for « and wellinformed stakeho_lders
members of the public » and policy-makers
public

 Cowen




We are committed to a collaborative and HANGE

open-source approach

Some of the UK 2050 Pathway

Analysis Contributors

bp
o » All views from credible stakeholders have been
LU Friends of taken on board

% 4N « Organisations with different perspectives can model
RSPB(I - -

their future by using the UK 2050 Calculator.
*:ZL,&% nationalgrid ST . :[Ac\)lluir;alyss and software is open-source and for all

WéAsmﬂ overnm

GReeNPeacs - FDF

Making a real difference

ATKINS  mpetal College

M bryte @ energy

Aim to create a platform for an ‘energy-literate debate’




Demo of 2050 Pathways Calculator’s ™\ ENERGY
common messages - AR VNI TCHANGE

See:

http://2050-calculator-
tool.decc.gov.uk/pathways/11111111111111111111111121111111111111111111111111111/prima
ry_energy_chart
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‘2050 Common messages’ emerged out . ENERGY
of the UK 2050 Pathways Calculator |y cumvareli:

Ambitious per capita energy demand reduction is needed
— but is not sufficient

Substantial electrification of heating, transport and industry is needed

Electricity supply needs to be almost totally decarbonised,
while supply may also need to double

A growing level of variable renewable generation increases the challenge of
balancing the electricity grid

Sustainable bioenergy is a vital part of a low carbon energy system

Reduction in emissions from agriculture, waste, industrial processes and
international transport will be necessary by 2050

Fossil fuels will continue to play an important role

Costs of tackling climate change can be less than not tackling climate change




For each sector the UK Carbon Plan sets
out ambitious deployment targets out to
2027 and a range to 2050

.

DEPARTMENT OF

ENERGY

Chart 4: Projected deployment of low carbon generation over the first three carbon budgets and
llustrative ranges of deployment potential in the fourth carbon budget period and in 2050

Projected low carbon
genaration over the
first four carbon budget
periods
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UK Government now has a plan that
‘adds-up’ to an 80% GhG emission

reduction in 2050

.
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Cost Optimised

Renewables; more efficient

Nuclear; less efficient

CCS; more bioenergy

33 GW nuclear
18 GW wind
28 GW CCS
27 GW other

renew
33 GW gas

Electricity

Heating mix of heat
pumps, resistive
heat, biomass
pellets, district heat

Buildings

75% ULEVs,
unclear on
modal shift

Transport

Medium growth,
over half of
emissions

captured by CCS

Industry

~350 TWh of
bioenergy, low
ambition on land
mgmt

Bioenergy
and land
use

16 GW nuclear
82 GW wind
13 GW CCS
14 GW solar

10 GW marine

24 GW back-up

7.7m SWis, 8.8m
CWiIs, 100%
house-level

heating systems

100% ULEVs,
high modal shift

Medium growth,
48% of emissions
captured by CCS

i
<7

181 TWh of
bioenergy, low
ambition on land
mgmt

75 GW nuclear
20 GW wind
2 GW CCs
2 GW hydro
11 GW back-up gas

5.6m SWIs, 6.9m

CWIs, 90% house-
level heating
systems, 10%

network-level

80% ULEVs, 20%
ICEs, low modal
shift

Medium growth,
0% of emissions
captured by CCS

461 TWh of

- bioenergy, high
ambition on land
mgmt

20 GW nuclear
34 GW wind
40 GW CCS
2 GW hydro

No back-up gas

5.6m SWis, 6.9m

CWIs, 50% house-
level heating
systems, 50%
network-level

65% ULEVs,
35% ICEs,
medium modal
shift

Medium
growth, 48% of
emissions
captured by
CCs

471 TWh of
bioenergy,
medium ambition
on land rhgmt
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How long has the UK/China 2050
cooperation been going on for?
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DEPARTMENT OF
ENERGY
. & CLIMATETTN e 2

» China 2050 Calculator was
developed by the Energy
Research Institute of the
National Development and
Reform Council (NDRC) from
the People’s Republic of China

» The China 2050 webtool is
published under
http://2050pathway-
en.chinaenergyoutlook.org/

» UK/China cooperation took
around 2 years

China 2050 Calculator was launched at the ‘International Conference on 2050 Pathways’ in

September 2012 in Beijing
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How did the China 2050 team adapt the -
Calculator approach? . & CLIMATELeLEU e

({2 oo2050000000 - Microsoft Internet Explorer provided by FUJITSU
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Sector level example for nuclear - A G

1200 China maximum technical \
nuclear potential
g“ (146 GW)
935 TWh/y & > Possible doubling of global
= USA capacity
= 800 - 806 TWh/y /
E (100 GW!
>
S 33 TWh/y
g 600 - >/ (90 Gw)
Q ﬁﬁ
[}]
= France
(1]
@
S 400 -
=
200 - China ‘no effort’ nuclear
(level 1 — 50.8 GW)
U I I | | I T | I 1

1960 1970 1980 1990 2000 2010 2020 2030 2040 2050
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Sector level example for onshere wind ENERGY
CLIMAT CHANGE

<

175 - China maximum technical
onshore wind potential
,Wﬂrld (158 G'N) (level 4 — 1200 GW)
150 -
> Possible 5 fold of global

2 China ‘no effort’ onshore
o %7 wind
£ (level 1 — 200 GW)
(%]
3 75 - U (75 G\W)
O
50 - UK onshore level 4
UK onshore level 3
25 - Germany (26 G
Spain (19 G UK onshore level 2
/ onshore (3.5 GW)
D I T T | | |

2000 2010 2020 2030 2040 2050 17
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What implications, if any, can we draw "My ENERGY
on emissions reduction potential?

Forum  Secimplicaions ¥ China 2050 Pathocnys Exnmple Pashvwnys ¥ 8
i e g ) N~ * Major challenge in

: increasing industry energy

efficiency

» Gradual decarbonisation of

) Heavy dustry ouput gronth Ll Cushere wind energy N Gestogieal sequestzation FE LR .
(%) Rate of energy consumption decline NE Offchiore wind energy EEE - Power morage plams SR g rl d
() Progertion of CCS usage - HE Hyvdroclecmicay |- Ferestry carbon credits v I U
(i) Strategic idusery owpat grovwth I Geothermal ensegy m |
(%) Rate of energy consumption dechne 3 Ocemn energy | HERE]
() Lighs ndustey cutpt growth N I PV salar emergy ] !
{8) Rate of energy censumption deckne i3 Selar thermal energy | RN
(1) bnmer city wamspont demand e Sl water heaters e 1
e T R * Move away from high-
{m) Usage of meen velocles = {1 Naturald gas electncty generation | : . .
{31 Tntér city transport demand of - (2} Greening of coal power 4 ju)
s O AW carbon coal into, possibly,
) Intemational ravel demand a2 Electriciy mports 1] |
{i) Freight wanspert demand and method 1 E {#) Land umsanien Wsco gas
{8} Freight vehicles e (%) Per capita meat comsummption R 4
i) Incermatienal freight demand 2 (&) Bicmass collecton rate HEE -
(3) Resadential mdocr temperature (| (@) Per cagita waste T &
(%) Residential bullding insulaticn performance HE (8) Waste disposal methods Al B D
{3 Resubential rerperanme adpstment emethods A[lc D (=) Landfll gas reclamanoms | |
) Per capita hosmg a0ea 2 i ¢ comersion i g .
ST o « Demand sectors like
- N as ouput .
3

transport and heating

. : _ relatively small, but
Caution: The analysis does not at the moment include important decisions to be

industrial emissions, which could add up to 1 Gt CO,e to the made today about their
2010 baseline future direction
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It appears that action is cheaper than

lnaction
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2050 Pathways Calculator - Microsoft Internet Explorer provided by FUJITSU

GE;\‘[ - |E| hittp: fichina-en. 2050calculator net/pathways/22 102202 203430340202 20303332 0220233502202 22035222442 201 321 0332033234211 20011 1 foosts_in_context
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Help  See implications v China 2030 Pathways Calculator
The cost to society of vour pathway. This is not vour energy hill.
We divided the total cost by the population number, so this result is the average energy cost (¥/vear).

2010 cost 63 Compare with pathway "Most pessimistic’ ¥/person/year
o 5,000

10,000

15,000

=

Example Pathways ¥  Share

20,000 25,000

Your pathway
You can click on the chart to make
a more detailed comparison with
the pathways below

Large-scale renewable
Large-scale of renewable energy,
wind, solar, hydro and other
renewable energy developed well

Clean transport
Slow growth of transport demand,
people mainly use public transport
and clean car take a big proporttion

Green lifestyle
Appropriate housing area, ernergy-
saving awareness, mere efficiency
building and flexible heating type

Mr. Zhang bo
New industrialization, clean transport,
more efficiency building, nuclear,
advanced coal technology

Dr. Yang yufeng
From a practical angle, balance the
developement style and make
the possible pathway

Most pessimistic
Continue the current growth patten,
economy depends on heavy industry,
energy supply depends on coal

0 5,000 H 10,000 15,000 20,000
The model calculate the cost of the whole energy system (real yuan per person per year 2010-2050

(1) Heavy industry output growth A B Onshore wind energy

(o]

Offshore wind energy

w

(i) Rate of energy consumption decline 1 2
m:
AlE
(i) Rate of energv consumption decline 1 2
(1) Light mdustry output growth
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op g Y }
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g ¥ output g )
Qcean energy

PV solar energy
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=
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[
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Do nothing option also is not attractive
from an energy security perspective [ O cumare

« Domestic coal production » Domestic oil production _
might double stagnates * China becomes gas net
importer in 2025 and imports
_ _ . _ nearly a third of demand in
» Coal imports might ten-fold  Oil imports might four-fold 2050
» Coal one of the main drivers  Oil imports main cost driver « Limited role for shale gas
of costs and source of insecurity

China 2050 Calculator indicates a do nothing scenario is unattractive from an energy security,

costs and emissions perspective
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We are hoping to work with more
partners on the 2050 Calculator Pathways £ "

challenge

GHG emissions (I;CO2 /y per person)

Australia

25
IUnited States

Canada

20

New Zealand

Ireland
Estonia

15 -
Turkrnenislani"ﬁepu o

10 Venezuela,, Cyprs
Poland- 7

A
Uruguay A Sweden
Uz alaysia—Hong Kong
2"~ Romania
ico

0 50 100 150 200 250 300
Energy use (kWh/d per person)

From David MacKay — ‘Sustainable energy without the hot air’

Kuwait, UAE

Iceland™

350

2050 target!
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ENERGY

CHANGE

» Expanding and building on the 2050
Calculator initiatives so far, DECC will
assist ten developing country
governments to build strategic
platforms toward a low carbon future.

 DECC is happy to support, advise and
provide software for national initiatives
in other countries.

e Our 2050 Calculator partners in
Belgium, China, South Korea, South
Africa and Bangladesh are also happy
to share their experiences so far.
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Can we link climate science directly
with energy and land-use choices?

Help | See implications v This is a moclaup of a global 2050 caleultor. Do not trust its results. Example Pathways ¥ | Share
Global average annual temperature change relative to 1980-1999 (°C)
0 1 2 3 4 5°C
Increased water availability in moist fropics and high |ptitudes e em e e - - - - - - - - | | WGl 341,343
'WATER Decreasing water availability and incfeasing drought iy mid-latitudes and semi-arid low latitudes s == ==jm{| 3.ES.3.4.1.34.3
Hundreds of millions of people exposied 10 increased Water SITSs me e = = - -] 35551 33 2062,
Up to B0% of species a Significant’ extinctions | | 4 ES, 4.4.11
increaling risk of extinttion around the globe
4.1, 44, 44,
Increased coral bleaching === Most corals Bleached === \Yidespread coral mortality s == e= == = o= - =] 17 665, 6.1
Terrestril biosphere tends toward a net carbon source as: 4.ES, 4.1, 4.2,
ECOSYSTEMS ~15% ~40%of ec affected B | 44
422 441,444,
Increasing species range shifts and wildfire rifk 4, 455 4.4.6,4.4.10,
Ecosysten changes due to weakening of the meridional  gae{| 1935
overturn|ng circulation -
Complex, localised negative impacts on pmall holders, subsistence farmers and fishers == sm s == == o= -fe-| 5.ES, 5.4.
Tendencies for cdreal productivity ____________ Productivity of all cereals mm == gm|| 5.E5,5.4.2, 5.2
FDOD o d?(’ea!e n |D v IaUEUdES decreases in low latitudes
Tendencies for some cereal PrOJUCIVITY | ——  Cereal productivity to
to increase at mid- tp high latitudes decrease in some regions 5.5,542, 5.2
Increased damage from floods and STOrfis me me e - o - - - - - -] 65% 632 641,
Albc;]ull 30% ofl o
global coastal mm e e - - 541
COASTS wetlands lost*
Millions mofe people could experience |
coastal flooding each year O s == 66,68, 5. §
i 8.ES,84.1.8.,
Increasing burden from maln{itrition, diarrhoepl, cardio-respiratory and infectious diseases == == «f=l| 32 84
. 8.ES, 822,823
Increased morbidity and mortality fron] heat waves, floods and droughts == == == == = == === 541 84.2 8.,
HEALTH 83, 8.3
Changed distribution of some disease Yectors == e me mm - - - - - - - -] %}%S. 8288,
Substantial burden on health services == = ] 8,(‘5 1
0 1 2 3 4 5°C
t Significant is defined here as more than 40%. # Based on average rate of sea level rise of 4.2mm/year from 2000 to 2080.
port behaviour EE : ]2 Nuclear power stations HEEE roubion 2
sion transport 5] CCS power stations - B - B 2
and van tzchology - [ ] -- CCS power station fuzl mix B c | 3 1
2 i e - 2
e ] E - -- -
) ER R 1 3
R/ Snlar nanale far alactricitsr i g 3 4 1 ? 3
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 DECC is considering a Global
Calculator which links our global
energy and land-use choices with
impacts on:

» Global fossil fuel resources

» Climate impacts

» Land-use change and availability!

» Let us know if you are interested
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Can we include in our language - ENERGY
. . . . &CLIMATEL™,F:\, [¢]3
engineering aspiration?

By focusing on the engineering challenge we hope to:

» Bring the energy community closer to the climate challenge

» Create aspirational targets of action, rather than focus on reductions/limitations
» Make the challenge more understandable to the non-expert



http://news.bbc.co.uk/1/hi/sci/tech/8403745.stm�
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