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The 2050 Challenge Committea on

628 MtCO,e
International aviation
& shipping*

UK non-CO, GHGs

Other CO, —
Industry (heat & 75% cut
industrial processes) (= 80% vs.
1990)
Residential &
Commercial heat
Domestic transport
160 MtCO,e

Electricity Generation

2010 emissions 2050 objective
* bunker fuels basis
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Committes on

1. Fourth Carbon Budget recommendations (December 2010)
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Interim, Intended and Domestic Action budgets

Budget 1 Budget 2 Budget 3 Budget 4
2008-2012 2013-2017 2018-2022 2023-2027

M Interim budget
® Intended budget

B Domestic Action budget
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Considerations for an indicative 2030 target

Expected Implementation of UK 2050 target
* 80% overall (160 MtCO,e)
*85% excluding IA&S (120 MtCO,e)
*90% reduction in CO, (60-70 MtCO,)

* Delivered through domestic action

Likely/required

emissions level in Indicative target for 2030
early 2020s

e Around 60% from domestic emissions
reduction (310 MtCO,e)

* Around 63% as contribution to global
Feasible pathways emissions reduction

during 2020s (all GHGs relative to 1990)
Recommendations on fourth budget period

(2023-2027)

Recommendations on approach to first three budgets
and international aviation and shipping

Commities on

Feasible pathways
from 2030-2050

Implied 2030-2050

path
* 5% reductions per
annum
* Lower 2030 target
would leave very
challenging and
expensive reductions
beyond 2030
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Domestic Action and Global Offer budgets

UK needs to:
* develop options for
decarbonisation

. - . D . .
» avoid lock-in to high- omestic Action

Awaiting global

deal for 2020s budget now
carbon assets
* progress towards 2050
target
Global deal for UK needs to make Global Offer

contribution to global

. . budget in future
emissions reduction

2020s

Committes on
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We developed a feasible and cost-effective scenario for

Commiittes on
2030 that is appropriate on the path to 2050
S00
800
2050 allowed emissions
700 International aviation and shipping

B Indicative 2050 Non-COy
B Indicative 2050 CO,

500 Scenario emissions to 2030
International aviation and shipping
400 Other non-COy & LUC
W Agriculture non-CO»
300 B Transport
B Industry (incl. Refineries)
200 W Buildings (res and non-res)
W Power
100 [
O T T T T T I

1990 2008 2020 2030 2050

600

MtCO,e
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lllustration of sector analysis - Power:
Emissions intensity will have to decrease, whilst Committes on

demand is likely to increase
S e Y

700

600 -
- —Medium
500 - scenario

---Linear path
to 2050

400 250

300

200 200 "\

150 vV

1990 2000 2010 2020 2030 2040 2050

TWh of electricity demand

= Medium
scenario

Mt CO,

00 +—— 00— e Linear path
900 to 2050

800

700 _ 50
—Medium
600 scenario

500 - ‘
400 ---Linear path o

to 2050 o)
300 -

TTTTTTTTT T T T T T T T T T T T T T T T T T T I T T T T T T T TTTITTTITITTTITTT
o~ WO <t ™~ WO <t
— [an]

1994
1998
200
200
2010
20
2018
202
202
2030
20
2038
2042
2046
2050

gC0,/kWh

200
100
0

Source for 2050: range of MARKAL

1990 2000 2010 2020 2030 2040 2050
model runs for CCC (2010)
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lllustration of sector analysis - Power: this
decarbonisation will require 30-40 GW new low-carbon Climate Chang
capacity through the 2020s

90 600
80
500
£ 70
mw
jo B
o
- 60 400
c
= = Oil/Peaker
2 50 S
3 <~ mmCoal
o 300
§ Low-carbon plant
s 30 00 --=--Emissions intensity
°
g 20 36 GW new capacity
100 in 2020s
10
2009 2020 2030 Note: Intermittent technologies are
adjusted to be baseload equivalent
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Emissions reductions will have to accelerate again Comenitteson
from 2030 to 2050

900

800

2050 allowed emissions

700

3.2% p.a. International aviation & shipping

reduction
600 W Indicative 2050 Non-CO,

2008-2030
M Indicative 2050 CO»
>00 Scenario emissions to 2030
Agriculture non-CO»
400 = m Other non-CO, & LUC
4.7% p.a.
reduction W Transport
300 — @ g T 2030-2050 [ mIndustry (incl. Refineries)
m Buildings (res and non-res)
200 m Power
100
0

15980 2008 2020 2030 2050

MtCO,e

e

G-
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suggests ‘back-ending’ is feasible

Maintain annual low-carbon build rate (3-4 GW)

Power

through 2030s and 2040s
e Further deploy heat pumps

Buildings *  District heating for built-up areas
*  Some resistive electric

Industr *  CCS where suitable

y Biogas / biomass in high-grade heat

e All cars and vans electric by 2050

Transport e Hydrogen for HGVs and buses

Agriculture Reaching limits of known options by 2030

2030 to 2050 — detailed assessment of opportunities

Committes on

Zero-carbon power sector
serving much higher demand

Could be close to zero-carbon by
2050

May also need product
substitution, refinery
restructuring, resource efficiency

May also need some biofuels to
be zero-carbon
Aviation hard to reduce

May need demand-side changes
or radical supply-side options
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In summary, therefore, 4*" budget framework for Coommitten o
considering the path through the 2020s:

Near-term considerations Long-term considerations

Further measures
added, where solely
cost-effective roll-out
to 2030 was not on
track for 2050

4th budget
(2010)
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1.

2.

‘ Committes on

Cost-optimisation modelling (e.g. in 4" budget analysis and IAS report)

Fourth Carbon Budget recommendations (December 2010)
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In the 4*" budget report we also conducted high-level o
analysis using the MARKAL model....

= by T
Figure 3.5 MARKAL possible amissions bajectony (2000-3150)
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» This supported that the cost-effective path to delivering a cumulative emissions
budget requires early action

» Though the bottom-up scenarios were the basis of the budget proposals
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700

600

500

F=Y
o]
=

MtCO,e
3

200

100

-100

We also used a cost-optimising model to consider how
to meet the 2050 target in our Bioenergy Review

Committes on

Cost optimising model -> remaining emissions in IAS, industry, non-CO,

Emissions in 2010 Emissions in 2050

Bioenergy lifecycle
emissions

Fossil hydragen production
Fossil aviation and shipping
Non-CO,

Other industry

Fossil surface transport

Fossil heat
(buildings and industry)

Fossil electricity
Megative emissions credits
Net emissions
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‘ Committes on

2. Cost-optimisation modelling (e.g. in 4t budget analysis and IAS report)

1. Fourth Carbon Budget recommendations (December 2010)

3. 2050 scenario analysis in the report on inclusion of IAS in budgets (April
2012)
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New work for IAS report built scenarios bottom-up, I
rather than with cost-optimising model

Sectoral emissions

Deployment
levels:
Represent different
emissions cutcomes
within sectors

Barriers

/Based on detailed sectoral models:

* Hourly power despatch

* Vehicle stock model

* Housing stock and heat maps

* Industry CCS at installation level

Economy-wide emissions

S S v \

Scenarios

. . Barriers in . . . .
Barriers in Barriers in Barriers in

IAS and
m::'n-l'C'I‘.:]'2

industry transport heat

Other sectors at Stretch or Max deployment

160 MtCO_e in 2050

1

Sensitivities

No CCS
and limited
bioenergy

Limited
bioenergy

In order to meet target without CC5
and bioenergy there needs to be Max
deployment in some sectors

T T q)

c detailed technology cost modelling j

on building a low-carbon economy ]1%



We identified cost-effective abatement options across
the economy

O e

Committes on

Electrification

Industry

CCS

Surface

Fuel cell HGV

Battery electric car

District heating

Buildings | transport

Air source heat pump

Gas CCS (mid-merit generation)

Biomass with CCS (baseload generation)

Power

Offshore wind (baseload generation)

Nuclear (baseload generation)

Government’s 2050 carbon
value = £200/tCO,e

-150 -100 -50 0 50 100 150
£/tC0O2e

200

250

Plus non-CO, measures generally low-cost or cost saving
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Need to go beyond ‘Barriers’ deployment levels to
deliver the 80% target

Committes on

Bio lifecycle
W Other
2050 M Aviation and shipping
target = Non-CO2
M Industry

M Surface transport
M Buildings
M Power

™ Negative emissions credits

- Net emissions

-100

All Barriers All Stretch All Max
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Multiple combinations could give plausible scenarios

Power

Buildings

Surface transport

Industry

Non foCII2

Aviation and Shipping

Committes on
for meeting the 2050 target
Barriers in
aviation, Barriers in
Barriers in shipping and Barriers in heat | surface transport
industry non-CO, for buildings and power
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Without CCS or with limited bioenergy flexibility is R o
much reduced

Limited bioenergy
No CCS Limited bioenergy and no CCS

Power

Buildings

Surface transport

Industry

Non COE

Aviation and Shipping

Note: Includeac realloa;tion o‘ lfris%(waegy and E‘s‘g r?'tf &L:II sﬂim?'i%vgiarbon tichnglggies where available (e.g. 531

nuclear/ren



‘ Committes on

2. Cost-optimisation modelling (e.g. in 4t budget analysis and IAS report)

1. Fourth Carbon Budget recommendations (December 2010)

3. 2050 scenario analysis in the report on inclusion of IAS in budgets (April
2012)

4. Future work
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We are swapping the order of long-term vs. near-term oo on
considerations for the path through the 2020s

Near-term considerations Long-term considerations

Further measures
added, where solely

4th budget
(2010) cost-effective roll-out
to 2030 was not on
track for 2050
Further deployment of Backcasting a.pproa.cl"n path to
4CB review measures is subject to 2050 determines minimum
(2012-13) cost-effectiveness vs. deployment of technologies to

2030, regardless of a near-

rojected carbon prices :
PTo) P term carbon price

Independent advice to Government on building a low-carbon economy
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We propose to look more deeply into issues around
transitions & the dynamic case for action in the 2020s

Minimum build of low-carbon by
2030, on the way to 2050

What do a range of scenarios for 2050,
together with plausible overall build
rates and build trajectories by
technology, imply for minimum low-
carbon build by 20307?

Value of bridging technologies

What role might ‘bridging technologies’
have on the long-term path? Are some
worth deploying given their consumer
acceptance benefits (e.g. PHEVs), while
others waste time needed for transition
to low-carbon (e.g. gas CCGT)?

Commities on

Option value of offshore wind & CCS

Given uncertainties over the availability of
nuclear and CCS, and the costs of these
and offshore wind, what is the option
value provided by offshore wind and by
CCS?

Lessons from historical /
international transitions

How long do transitions to new
technologies (e.g. heat pumps, ULEVs)
really take, given need to roll out
infrastructure, gain consumer acceptance
and turn over stock? Role for scrappage?
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Commiittee on

RCEP ESF Workshop, 24 October 2012
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