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= Where are we today?

= Where do we need to go?

Energy Teclinology
. Perspectives 2012
Pathways to a Clean Er System

= How do we get there? - # "

Technology Roadmap
Hydrogen and Fuel Cells
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Energy Technology 3Erspectives

Comprehensive, long-term analysis of trends
and energy technology potential to 2050

Three main scenarios:

6DS: limited changes

4DS: current strategies for energy efficiency
extended to 2050

2DS: CO, emission mitigation scenario

Find out more: WWW.iea.org/etp (/ p—
iea "


http://www.iea.org/etp

| . ETP
C?a{rbon ygjcen;.lt’y G’f?supply isstuck 2015

Energy Sector Carbon Intensity Index (ESCII)
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Meaningful progress at a global scale has yet to be
demonstrated
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Contribution by technology area to CO, reductions (6DS to 2DS)
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10 efficiency 38%

0 Nuclear 8%
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...and we to have the tools to develop a strategy and be
proactive (/
iea’ By Agency

Source: IEA ETP 2015
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Contribution by sector to CO, reductions (6DS to 2DS)

Cumulative reductions by sector and technology

Other
transformation
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Transport represents 20% of CO, savings in the 2DS
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MoMo: project history

World Business Council for Sustainable Development and the
Sustainable Mobility Project (SMP) transport model

SMP model developed further as IEA MoMo

Deeper analysis of vehicle technology potential, including plug-in
hybrid electric vehicles

Elasticities of travel and ownership with respect to GDP and oil prices
Integration of significant historical data in MoMo

Development of scenarios for the IEA Energy Technology Perspectives
(ETP) project in 2008

Improved user friendliness and detailed modular approach
Expanded coverage of countries and regions

Development of modal shift scenarios

Vehicle, fuel and infrastructure costs associated to scenario

Progressive transition to systems dynamics platform
Assessment of urban transport activity and potential




The I1EA Mobility Model &

MoMo: what is it?

Analytical tool used to elaborate projections of transport activity,

energy demand and CO, emissions
Core of transport analysis in ETP

Essential tool for transport-related activities on...

energy efficiency: Global Fuel Economy Initiative (GFEI)
energy technology: Electric Vehicle Initiative (EVI)

cooperative efforts: Railway Handbook on Energy Consumption and CO,

International
- Energy Agency
lea/
Secure e Sustainat
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emissions with International Union of Railways
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The IEA Mobility Model |

MoMo: what is it?

Spreadsheet model of global transport

Mainly focus on vehicles and energy — also covers emissions, safety,

infrastructure and materials

Based on hypotheses on GDP and population growth, vehicle fuel

economy, fuel costs, travel demand, and vehicle and fuel market shares

World divided in 29 regions, including several specific countries

Contains large amount of data on technology and fuel pathways
Full evaluation of life cycle GHG emissions
Valuation of transport expenditures: vehicles, fuels and infrastructure

International
Module on material requirements for LDV manufacturing ( T

inable e Together
© OECD/IEA 2014
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The 1EA Mobility Model

MoMo: key modelling steps

GDP, .
population, Vehicle
structure of scrappage !
the transport Transport activit New vehicle y
system (pkmptkm vkm)y | registrations | Energy - co,
' S by age and b g oo
and vehicle stock » PYag DY use emissions
T powertrain
v Fuel ori T Energy Emission
uel prices _ ctors
Pollutant Vehicle price cons:::;(;;::on f
emissions | |- Emission factors by powertrain P

Generation of transport activity (pkm, tkm, vkm) and vehicle stock

Evaluation of new vehicle sales by powertrain and characterisation of vehicles

by vintage
Energy Agency

Calculation of energy use (/
iea/

Estimation of CO, and pollutant emissions

© OECD/IEA 2014



The IEA Mobility Model

MoMo: analytical capability (1/2)

LDVs and freight trucks
Stock/sales model has been developed
Activity, intensity and energy use are estimated

CO, emissions are calculated (well-to-wheel and tank-to-wheel, using ETP
modelling framework)

Pollutant emissions (CO, VOCs, PM, lead and NO, ) estimated
Vehicle and fuel costs are tracked

Buses and 2/3 wheelers

MoMo tracks stock, stock efficiency, travel, energy use and emissions

Rail and air

Total travel activity, energy intensities, energy use and emissions are tracked

Shipping (/ temton
1ea/

To date, MoMo tracks sectorial energy use and emissions

ire e Sustainable e Together
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The IEA Mobility Model |

MoMo: analytical capability (2/2)

MoMo has a user interface that allows
What-if scenario building
Back casting
Use of elasticities for ownership and mileage

Mode shift scenario building for passenger travel

MoMo also estimates material requirements and emissions:

Analysis of future vehicle sales (e.g. fuel cells) and how they impact materials
requirements (e.g. precious metals)

Full life-cycle analysis for GHG emissions from LDVs (including manufacturing)

Recent MoMo developments include
Urban/non-urban travel splits applying data from global set of mobility surveys
Land transport infrastructure requirements in support of travel demand growth
Fuel cost, T&D, storage and distribution infrastructure assessment G?/@, Erry gy

ire e Sustainable e Together

Cost estimations from vehicle, fuel and infrastructure investments

© OECD/IEA 2014



The IEA Mobility Model

MoMo: who supports this work?
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ETP

Energy consumption in transport 2015
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Source: IEA Key World Energy Statistics 2014
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7 ETP

Energy consumption in transport 2015

Global transport energy consumption by mode

[ Other
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Road transport accounts for % of transport energy use
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Source: IEA Key World Energy Statistics 2014
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ETP
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Energy consumption in transport 2015

Global transport energy consumption by fuel type in 2012

Transport 102 EJ Road transport 79 EJ

m Oil products m Natural gas m Electricity m Biofuels

Despite fuel economy measures and alternative fuels
introductions, transport is still highly dependent on oil.

International
- , Energy Agency
o < iea
Source: IEA Key World Energy Statistics 2014 i, A
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Transportgpnergy}oﬁjook to 2050

Transport energy forecasts by region

m Shipping
Aviation

M Rail

EJ

B Heavy-duty vehicles

M Light-duty vehicles

@ 2-, 3- and 4-wheelers

2012 2050 2050 2012 2050 2050 2012 2050 2050
6DS 2DS 6DS 2DS 6DS  2DS
World OECD Non-OECD

Global transport energy use could increase as much as
75% by 2050 without concerted action.

International
- Energy Agency
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Source: IEA Mobility Model P—
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Shifting mobility demand growith

Passenger light-duty vehicle growth to 2050 (6DS)
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Passenger vehicle market will continue to drive transport
market as non-OECD countries continue to grow.

International
- Energy Agency
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Source: IEA Mobility Model S A
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Avoid, Shi,ﬁ,and-lm&,ove Appraach

Transport CO, reduction potential by contribution

GtCO-eq
'_l
o
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2000 2005 2011 2015 2020 2025 2030 2035 2040 2045

Scenarios to low(er)-carbon transport

* Avoid unnecessary travel
e Shift to more efficient modes
* Improve the energy efficiency of each mode

Source: IEA ETP 2014

ETP
2015

[ 6DS

Efficient Vehicles
B Low Carbon Fuels
W Shift

W Avoid



£ ETP

Transpor technplogyparadigmishift 2015

Global portfolio of PLDV technologies (2DS)
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FCEV
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120 - M Plug-in hybrid gasoline
§ 100 M Plug-in hybrid diesel
é 80 - M Diesel hybrid
§ 60 [ Gasoline hybrid
40 B CNG/LPG
20 M Diesel
5000 2010 2020 2030 2040 2050 " Gasoline

EVs, PHEVs and FCEVs account for nearly % of new
vehicle sales in 2050 under the 2DS.

International
. , Energy Agency
N < iea
Source: IEA Mobility Model .



Giobal transport expendltures to ETP ‘

2050 A /S : 2015

Global transport expenditures to 2050 (vehicles, fuel, infrastructure)

600
Rail

B Roadway and parking

M Other fuels

HOil

USD trillion

[ Other vehicles

M Passenger LDVs

Improve Avoid / Shift 2DS

‘Avoid, shift and improve’ approach could reduce global
transport expenditures by USD 70 trillion to 2050.

International
ieal Energy Agency
Secure e Sustainable e Together
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Avoid and Shift

A Tale of Renewed Cities

High-density environments and good

Apolicy guide on how
to transform cities

transit use less energy

Time frame to alter urban design is
often long

Structural change = behavioural change

International
Energy Agency

Secure e Sustainable e Together
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2015

Infrastructurg.andtransport growth

Infrastructure and carrying capacity index (road and rail)
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Road paved lane km

Rail track km e« Road activity (TU) eeee Rail activity (TU)

Note: transport units (TU) are passenger and freight-tonne km

Rail carries more than 20% of global land transport
activity using 2% of total infrastructural km.*

*Activity is passenger and freight-tonne km. Infrastructural km include road paved lane-km and track-km.

(/ reratonal
. 1ea’
Source: IEA Mobility Model, UIC (2013) and IRF (2013) oo

ainable e Together
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Moving forward ststainably |
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m e a S u re S [1] China’s target reflects gasoline vehicles only. The target may be higher after new energy vehicles are considered.

[2] US, Canada, and Mexico light-duty vehicles include light-commercial vehicles.
[3] Supporting data can be found at: http://www.theicct.org/info-tools/global-passenger-vehicle-standards

International
Energy Agency

iea/

Secure e Sustainable e Together

Source: GFEI (2013)
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Transpo}lele;:;ﬁrifrﬁation trends

Electric vehicle and global PLDV sales
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Global electric vehicle sales topped 125 000 in 2012.

Despite progress, this still represents a tiny fraction of PLDV sales.

International
- Energy Agency
1ea’

Source: IEA Mobility Model sesps R PR
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Low carbon transport + grid |

Ready for maximal
energy/CO, benefits

More effort needed to get
maximum energy/CO, benefits

nnnnnnnn ional
.ea’ Energy Agency
1
Source: ETP 2014 ( >
Secure e Sustainable zether
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EICtricighidg; I"rﬂliative (EV1)

Electric

Announced at Clean Energy Ministerial in 2010 (-) Vehicles
" Initiative [EVCIEY

. CASEBOOK
8 = 16 countries: Canada, China, Denmark, France, Germany, India, Italy,

Japan, Netherlands, Norway, Portugal, South Africa, Spain, Sweden, United Kingdom,
United States

Four primary objectives:
Common data collection/analysis efforts (Global EV Outlook)
Greater RD&D collaboration (co-operation with IA-HEV)
City forum linking cities within EVI countries (EV City Casebook)

Industry engagement

Recent Events:

EV-Smart Grid public/private roundtable at CEM5 in Seoul, May 2014

key takeaways

Big Ideas Workshop in Copenhagen, May 2014

global EV stock

EVI/ISGAN/IA-HEV workshop in Vancouver, October 2014

ssanger cars

© OECD/IEA 2014



|" Global Fuel Economy Initiative
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GLOBAL FUEL ECONOMY INITIATIVE
obalfu

l Six core partners: FIA
y z Foundation, UNEP, IEA,
%! ITE, ICCT and UC .
THE GFEI FUEL ECONOMY TARGETS Davis, financial support ===
From 2005 baseline: from GEF and EU

o T ] ==

GFEI recognized as

leading initiative In
energy and climate

- ' AR 7 reports and discussions

by 2030 in all new cars globally
50% —
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FIA Foundation (%) o jea " & Transport For
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Rai.'way ,Hand.bok on Energy

Consu p’tion‘??\d CO, emissions

What is it?
Statistical handbook on rail, energy use and CO, emissions

Data/figures on:
Rail passenger and freight transport activity, split by traction type
Comparison with activity on other transport modes
Rail final energy consumption by fuel
Information on electricity production mix

Rail CO, emissions (including emissions from electricity generation emissions
for rail, tank-to-wheel for other modes)

Specific energy consumption (final energy per unit activity) and CO, emissions
for rail

Regional coverage: China, Europe, India, Japan, Russia, USA, World

International
- Energy Agency
1ea’
Secure e Sustainat

inable e Together
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ETP 2016: urban energy focus

Focus on avoid-shift-improve potential through city
framework as world continues to urbanise

Update of 2DS assumptions: assessment of technology
deployment potential in urban/non-urban contexts (e.g.
electric vehicles)

Congested cities

’—I?‘awled cities HDMW
h o 9'6} o m Lb % @

@g

(X )

Developing cities Multl Modal cities o

Urban density < iea) b o
Source: Tale of Renewed Cities (2013) e

Rivate motorised travel




nclusijns ) N "‘,
,

Transport must be part of the solution for
decarbonisation

Transport decarbonisation cannot take place in isolation
Key challenges include:
the long time frame needed to alter urban design

the need to make sure that promising technologies,

such as battery electric vehicles, can be developed at
lower costs

Need early action to move towards increased
sustainability
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Explore the data behind ETP

www.iea.org/etp Contact: john.dulac@iea.org
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