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Overview

Sustainable Low Carbon Transport Assessment
a. Concepts
b. Assessment
c. Model System

Scenario storylines

a. Business as Usual (BaU) Scenario

b. Sustainable Low Carbon (Examples)
i. Coal by wire
ii. Regional Pipelines
iii. Dedicated Freight Corridors
iv. Urban Low Carbon Transition

Results: Example: CO2 Mitigation from Freight Sector
(More results in Presentations during Next 3 Sessions)

Conclusions
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What do we mean by Low Carbon?

UNFCCC Low Carbon Target

2°C Temperature Stabilization

IPCC Representative Concentration Pathways (RCPs)

Emission Paths for RCPs

Climate Shared Socio-Economic Pathways
Change _
Outcome | ssp1 | ssp2 | ssp3 | ssp4 Increasing
RCP2.6 2°C World mil%ill-ltﬂn
RCP 45 3°C World Increasing
RCP 6.0 4°C World climate
RCP 8.5 5°C World — hazard
6°C World

Baseline

warming

= Cells contain information about mitigation, adaptation,
residual climate impacts

Ref. Krieger et. al. 2010

Total Radiative Forcing (W /m?)
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Papers Available online (August 2011)
in ‘Climatic Change’, Springer
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CO, emissions (GtC)

Global Emissions Pathways
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Sustainable LC Society: Framing

Low Carbon and Inclusive Development

e Mapping Transitions
i. Demographic (Gender/Age Profiles, Urban/Rural)
ii. Income (Growth, Distribution)
iii. Behavior (e.g. Consumption, Conservation)
iv. Governance/Institutions (Conventional /Green)

e FEconomics: Paradigm Shift

i. Cooperation & Co-benefits (e.g. energy security, AQ)
ii. Finance (e.g. discount rates)

e Policies

i. Technology (Avoid Lock-ins): Infrastructures; Targeted R&D; IPR

UNEP

CENTRE

ii. Coordinated policies to gain co-benefits (e.g. CO2 & Local Pollution)

iii. Global carbon price/tax
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Objective Options Decisions/Indicators

Modes (avoid lock-ins)
Infrastructures Supply-push (public finance)

Market Integration (PPP)

Land-use (Zoning, V/H City)
Inclusion (Access)

Institutions (Decentralized)

Efficiency (Standards)
Technologies Taxes/Subsidies (Targeted)
R&D (Finance, IPR)

Awareness/Education ()
Behavior Governance (Policies, Rule)

Incentives (Tariff, Taxes)

Back-casting

Sustainable Low Carbon Mobility Framework

ENER

Targets

National
Socio-economic
Objectives
and Targets

Global
Climate Change
Targets
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Technologies delivers multiple
dividends

 In developing countries,
significant opportunities exist for |

. . . . Sustainable Development +

gaining co-benefits Low Carbon Tax

Million tSO2

=

 Technology Assessment should 2
consider all costs and benefits

9000 2010 2020 2030 2040 2050

“For developing countries, the Climate Goal ——>:

‘good news’ is that their
resources policies are often so
: :;.......... T hnology &
i Institutiopal Innovations;
Colbenefits

bad that there are reforms

which would be both good for
the economy and good for the
environment.”

environment and natural

Economicfsociakdicator

Economic/social Indicator

National Development Targets

Joseph Stiglitz Climate Quality Climate Quality




i?‘:\‘“"ﬁ UNEP

UNEP Soft-Linked Integrated Model

Soft-Linked Integrated Model System (SLIM)

DATABASES
Socio-Economic, Technologies, Energy Resources, Environment
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Scenario storylines

a. Business as Usual (BaU) Scenario

b. Sustainable Low Carbon (Examples)
i. Coal by wire
ii. Regional Pipelines
iii. Dedicated Freight Corridors
iv. Urban Low Carbon Transition
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Changes due to
price of carbon

Sustainable
Mobility
i. Public Transport
ii. NMT
iii. Urban Design
iv. High speed rail

Passenger Passe
S

Conventional Low
Carbon Scenario

Architecture for Transport
Scenarios

Base (BAU)
GDP - 8% CAGR
CO2 - 3.6 deg C

Changes due to
targeted strategies + a
carbon budget
equivalent to
conventional scenario

Sustainable Low
Carbon Scenario

GDP ~ 8% CAGR GDP - Pegged to 8%

CAGR
CO2i2desiC CO2 -2 deg C
Sustainable S :
. ustainable Fuels i
Technologies . Sustainable

. . L i. Bio-fuels Logistics
i. Electric Vehicle's . . .
- ii. CNG i. Dedicated Rail Co.
ii. Fuel Economy . _

iii. Clean Electricity ii. Coal by wire

iii. ICT - Navigation | :
iii. Regional Pipelines
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il GDP, Energy, Emissions:
BaU Growth Scenarios
0 GDP (GDP in 2005 = 1) = s GDP/capita (us $2005)

10

9.69 4
7.27 4000 3542
3.39 4.03 2193

0 L

2005 2020 2035 2050
2005 2020 2035 2050
I Low Growth W Medium Growth High Growth I Low Growth M Medium Growth [ High Growth
4000 Growth Scenarios

2000 Primary Energy ) oo Carbon Emlssmns/
High
5000 /

2000

- u ﬂ l l : /Lﬁ
ﬂ ﬂ £3000
0 [l [l 2000 I

Typlical LCS Trajectory
2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

mtoe

W tigh Growth B Medium growth [ Low Growth 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
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. AND SUSTAINABLE
oir  Infrastructure Alternatives: Coa Wire -
State Wise Coal Reserves
Total Proven Reserves 959 Composition of Railway Freight Traffic (%): 2010
Madhya billion tonnes
Pradesh — [MaharastraOthers
1% Tharkhand
elfpien
Chandi gatr{
. - w
? West Bengal
2%
Easgtern Coal Fields Ltd.
hurrb
Bharat Cooking Coal Ltd.
] Central Coal Fields Ltd.
@® Major Places { Northern Coal F ields Lid.
—+——  Major Railway Linge=n Western Coal Field Ltd.

Lignite Mines

Coal reserves

South Eastern Coal Field Lid.
Mahanadi Cgal Field Lid.

North Easl; Coal Field Ud. (&
unit uncier oL HQ)

Singareni Collieries Co. Lid.
Neyvelli Ugnlgforpuraliun

b

Thinninathapurd uy

m Coal M Iron Ore, Steel & Pig Iron

H Cement B Foodgrains
M Fertilizers H Petroleum Oil Lubricants

[ Container Service [ Others
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o o EXisting Gas Basin

Integrated Regional Energy Market:
Co-benefits

Co-benefits of South-Asia Integrated
Energy-Water Market

Benefit (Saving) Cumulative $ Billion
from 2010 to 2030

Energy 60 Exa Joule

o1 - w80 CO, Equiv. [ 5.1 Billion Ton
4801 - 2000 « .
2001 - 5000

wore wom s\ _ SO, 50 Million Ton

Total

Spill-over Benefits /| Co-Benefits

» More Water for Food Production (MDG1)

» 16 GW additional Hydropower (MDG1&7)

g :
Eveing Gas Pipeines Th ; * Flood control (MDG1&7)

Gas Pipelines under construction
Proposed Gas Pipelines

Existing LNG terminals angel . n"‘”‘"’%”j":ﬂ‘ . 0noO
Proposed LNG terminals * Lower energy prices enhances competitiveness
of regional industries (MDG1)

Proposed Gas Basin
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DEVELOPMENT

7000 e I BAU
1
6000 - |
m3wW
5000 -
mLCV
4000 - = HCV
3000 -~ H Train

2000 m Ship

1000

0
2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Freight movement by transport infrastructure type (Bn Tkm)

100% -
90% -
80% -
70% - m3W
60% - mLCV
50% -
mHCV
40% -
30% - M Train
20% -  Ship
Track Load 10% -
Legend w— > 85% loading 0% -
* Major Towns =425 loading 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

= >T70% and < 85% loading
> 60% and < 70% loading

— Proposed Freight Corridor
~—— _Assumed Corridors

Sectoral shares in freight transport infrastructure (%)
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adial roads (2035)

Ahmedabad city in 2035 (sssumed)

Ahmedabad City: Pop. In 2010 - 5.5. Million

Co-benefits: Transport Transitions

&)  City Planning (Example: Ahmedabad)
Carbon and Other Co-benefits

UNEP

CENTRE

ENERGY, CLIMATE
AND SUSTAINABLE
DEVELOPMENT

Per Capita CO2 Emissions (Ton)

8.15

5.63

3.13
2.16

2005 2035 BAU 2035 LCS

2050 BaU

2050 LCS

Co-benefits: Water per capita (ML/million)

100 - =2W
90 1 M Train
80 1 Bus
70 1 M Large Passenger Vehicle
60 1 mcarg3w
50 -
40 -
B
20 ~ M-
101
ol . e I
2005 2035 Bau 2035 LCS 2050 BaU

2050 LCS

300 255.704
223.199

200+--16399---------1 F-rd b casas

[63:99 148.974 169.25
00 +--4 -4 | |- -

0
2005 2035 2050
O Base OWECC
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Water-Energy & others

Million Ton CO2

Infrastructure

Nuclear

Device Efficiency

Renewable Energy

Fossil Fuel Switch

Residual Emissions

0
2000 2010 2020 2030 2040 2050

Sustainability Approach: aligning climate
and sustainable development actions

* Low Carbon Price

» Bottom-up/Demand-side actions

» Behavioural change

* Diverse Technology portfolio

Technology Co-operation Areas
» Transport Infrastructure Technologies
* 3R, Material Substitutes, Renewable Energy
* Process Technologies
» Urban Planning, Behavioral Changes

Million Ton CO2

& 20C Stabilization (E.g. All Sectors)
Mitigation Options at National Level

0
2000

CENTRE

ENERG LIMATE
INABLE

Conventional Approach: transition with

conventional path and carbon price
» High Carbon Price
 Climate Focused Technology Push
» Top-down/Supply-side actions

Technology Co-operation Areas
» Energy Efficiency
» Wind/Solar/Biomass/Small Hydro
* Nuclear/Low Carbon Infrastructure

W Water-Energy
Reduced Consumption
Ml Recycling
Material Substitutions
M Device Efficiency
y M Renewable Energy
/’ Infrastructure
W Fuel Switch

H Residual Emissions

2010 2020 2030 2040




UNEP Energy Security Co-benefits

Energy Mix in 2050 (MTOE)

- BAU 2825

= LCS CT 2945
LCS SS 2207
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Results:
Example: CO2 Mitigation from Freight Sector
(More results in Presentations during Next 3 Sessions)
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Overall Energy Demand: Transport

Energy Demand BAU
(Mtoe)

350.00

300.00

250.00

200.00

150.00

100.00

0.00

2010 2015 2020 2025 2030 2035 2040 2045 2050

m Qil mGas w Electricity m Bio fuels
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CO2 Emissions: Transport BAU

CO2 Emissions (Million tCO2): BAU
1,200
1,000
ELC
800
NGC (')
600
w JTF
400
m OIL
200
2010 2020 2030 2040 2050
(*) Natural Gas emissions include both
emissions from energy and fugitive emissions
Emission Intensity of Grid
(Million tCO2/GWh)
Scenario 2010 2020 2030 2040 2050
Base Case 0.99 0.94 0.86 0.74 0.69 OTU
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CO2 Reductions: Demand Strategies

CO2 Emissions (Million tC02): Logistic Grid +

Electricity Cleanin
1,200 y g
Cumulative I Reduction
1,000 1 reductions between |||||| _ Reduction +
2010 and 2050 are |||||||,|_|,|,|,__,. e
800 1,794 Million tonnes |||||||||_||_[[[l|_
||||||[l|!l'[!|!|-|'-" NGC ()
600 ._.i‘,"'ll!l'”!l'"!l' - ITE
= OIL
400
200
2010 2020 2030 2040 2050

1,200

CO2 Emissions (Million tCO2): Sustainable Mobility
+ Electricity Cleaning

1,000

Cumulative reductions

| between 2010 and 2050

are 4,655 Million tonnes

800

””m Il Reduction

+ Reduction +

600

400

200

2020 2030

ELC
NGC{')
JTF

m DSL

2040 2050

UNEP

CENTRE

ENERGY, CLIMATE
AND SUSTAINABLE
DEVELOPMENT
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CO2 Reductions: Supply-side Strategies

CO2 Emissions (Million tCO2): Fuel Economy
1,200

Cumulative reductions
1,000 | between 2010 and 2050

are 1,696 Million tonnes |\|\||||||H\”" " Reduction
800 ||||||||||! ELC
NGC (')
600 JTF
m OIL

400

200

2010 2020 2030 2040 2050

* Other supply strategies
— Electric Vehicles
— Bio fuels
— Natural Gas

DTU
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Overall CO> Reductions

Emissions Sustainable Low Carbon Scenario

1200
1000
Sustainable mobility
800 = Sustainable logistics
600 B Fuel Economy
Electric Vehicles
400
Bio fuels
200 .
B Emissions
0

2010 2015 2020 2025 2030 2035 2040 2045 2050
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Conclusions: Framework and Method

Transformation Pathway matters to Low Carbon Transition

Linking Low Carbon Actions and Development Targets
 Avoid technology & policy lock-ins into high emissions

Co-ordinate Bottom-up & Short-term Actions under Top-down
and Long-term Vision and Policies

‘Sustainability: ‘Co-operation’ and ‘Co-benefits’
e Cooperation delivers co-benefits

e (Co-benefits:
1. reduces welfare losses
1i. Delivers Low Social Cost of Carbon

LCS would still need adaptation actions, but adaptation costs
and risks shall be much lower

HE
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Conclusions: Results

Passenger transport: Sustainable urban design, modal shift
can contribute nearly a quarter of emissions reduction in
freight transport, Facilitate non-motorized transport

Freight transport: Location decisions, Modal shift and
regional energy market development can contribute nearly a
quarter of emissions reduction in freight transport.

Vehicle Technologies: Fuel-Efficiency Standards, Remove
fuel-subsidies, Environmental taxes,

Fuel Mix: Low carbon transition due to global carbon price
will influence significant change in the transport fuel mix
including decarbonisation of electricity

Co-benefits: Sustainable low carbon transitions will deliver
significant co benefits, e.g., reduced air pollution, energy
security, energy access, etc.
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Thank You

Questions / Suggestions
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