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The story so far in India.....
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Look at these black spots on the lung. The unfortunate - e
owner lives in Delhi and has been breathing polluted H | H h e I WI n e r s m o
air. Air full of carbon particles which accumulate in the Ca plta pun |S | |ent

lungs (black spots). What you can't see is a cocktail
of gases and tiny particles, even smaller than carbon
that get into our bodies.

Actually, you are getting polluted. But those cars are so sexy!

- Haze over the Ganges Delta,
MR NASA-

{1



Particulate pollution:
Ninth largest killer in the world
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High blood pressure

Houszhold air pollution from solid fuels
Tobacco smoking, including second-hand smoke
Diet low infruits

Ambient particulate matter pollution

High fasting plasma glucose

Alcohaol use

Physical inactivity and low physical activity
Diet low in nuts and seeds

Diet high in sodium

Diet low in vegetahles

Diet low in whole grains

Diet low in seafood omega-3 fatty acids
Occupational risk factors for injuries
Childhood underweight

High total chalesteral

Lead exposure

High body-mass index

Suboptimal breastfeeding

Diet high in processed meat

Leading Risk Factors for Deaths in 2010 in India

Deaths in Milliens
0.8 1.2

-
1

ey AMbient PM; s caused an
estimated 627,000 deaths in
India;~-6%o of all deaths in 2010

More than 18 million
healthy life years
lost due to air
pollution.




Air quality: A national challenge....

PM10: Number of critically polluted cities have increased from 57 in 2009 to
85in 2012. Nearly half of Indian cities have critical pollution levels.
ANIL NO?2: Critically polluted cities have from 3 to 4 and highly polluted from 6-8
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Source: Based on National Ambient Air Quality Status report for 20(_)9_ (115 201_2_ (157
2009 and 2012 cities) cities)
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Air quality: A national challenge....

Delhi has fought hard to get breathing space
On vehicles
Introduced low sulphur fuels and petrol with 1 per cent benzene
Mandated pre-mix petrol to two- and three-wheelers
Moved from Euro | to Euro IV over the last decade
Implemented largest ever CNG based public transport programme
Capped the number of three-wheelers
Phased out 15 year old commercial vehicles
Strengthened vehicle inspection programme (PUC)
Efforts made to divert transit traffic
Set up independent fuel testing laboratories to check fuel
adulteration
On industry
Relocated polluting units
Tighter controls on power plants. No new power plants.
Air quality monitoring
Adopted new ambient air quality standards
Expanded air quality monitoring and reporting
Other sources
Emissions standards for generator sets
Ban on open burning of biomass



Delhi has lost its gains. After a short
respite pollution curve turns upward

AGARWAL Particulate pollution decline
DIALOGUE and rise again due to rapid NO2

F{1) Ll increase in vehicle numbers

. NO2 levels rising steadily
PM10levels in
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PM10 reduces despite vehiclesincrease | Massive increase in PM10 levels post 2007
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Change in story line...

Also a climate rogue



Global warming potential of short
lived gases: IPCC Report (AR5 WGI)

Common Notatio | GWP 20- GWP 100-year Source
Name n year

AR5 WGI for

g?rb.‘;" co, 1 1 AR5 WG1, Table 8.A.1 f[he first time
loxide included
Carbon AR5 WG1, Table 8.A.4; from from estimates of
Monoxide co 186 > Shindell et al. (2009)
' GWP for black
sulfur Dioxide 50, 968 71 AR5 WG1, 8SM-23; from Shindell carbon.
et al. (2009)

Oxides of AR5 WG1, Table 8.A.3; from
Nitrogen NO, ~60 149 Shindell et al. (2009) T.he.s.e are

significantly
Fossil Methane | CH, 85 30 AR5 WG1, Table 8.A.1 higher values

than earlier
Nitrous Oxide N,O 264 265 AR5 WG1, Table 8.A.1 estimates

AR5 WG1, Table 8.A.6; from Bond

Black Carbon BC 3200 900 et al. (2013)
Organic AR5 WG1, Table 8.A.6; from Bond
Carbon oc 160 43 et al (2011)
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Some cool and some warm....

The exact threshold from negative to positive forcing for several
sources especially biomass burning is still an area of

uncertainty.....

Ratio of black carbon to organic carbon

Smoke from open burning of
biomass or wildfires appears
gray because of the high
ratio of OC which scatters
sunlight and therefore
appears light colored

Soot from diesel combustion

© appears black because of its
& high content of black

carbon, the light-absorbing
component of asrosols

3.8

1.3
. 0.7
0.1 0.2
2 . " - | 1k
Open Residential Industry Residen- Off-road Road transport
burning biomass and power tial coal transport

Mote: All sources emit significant quarntities of other poliutants that may warm or cool the climate, induding GO (warming), MO, (ozoneand MO

warming, nitrate cooling), and S0 (sulfate cooling)
SOURCE: Mon-CO2 Climate Forcers Report (2010), Bond (2007), GAINS
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Black carbon mitigation in
transport sector.....
... Awin-win for health and climate




Global BC from transportation
sector
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Vehicles responsible for ~25% of global
black carbon emissions
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2015 In India transport is responsible for 21%

Industry
1%

Residential
40%

ource: Bond et al., GBC 2007 + van der Werf, 2006 + updates for IPCC AR5

http://www.unep.org/ccac/Portals/24183/docs/BlackCarbonSAsiaFinalReport5.22.12
.pdf
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Black carbon emissions by transportation by
region among top 10 motorised nations 2000-

2050

Though overall global black carbon emissions will decline by 2050,
the relative position of the countries will shift depending on fuel

consumption and level of technology.
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Source: World Bank and ICCT 2014




Share of black carbon from different
sources in different regions

ANIL Regions where biomass and open burning are controlled share of
[:'YH:V:4''[:\M transport and diesel black carbon are higher
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Share of black carbon emissions
from different sectors in the US....
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U.S. BC Emissions in 2005 (0.64 Million Tons)
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Source: Lamarque et al 2010 and USEPA



Black Carbon is the Core of Diesel PM
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Solid carbon spheres(0.01 - 0.08 um

00 diameter) form to make solid particle
Vapor Phase ce oo agglomerates(0.05 1.0 pmdiameter)
hvd b 0 with adosrbed hydrocarbons
ydrocarbons °
\ Adsorbed hydrocarbons
B &8

Liquid condensed hydrocarbon

* 8% eRB ® ® .
sss808 ® particles
@484
° o Sulfate with hydratation

Soluble Organtc
Fraction (SOF) /Particle
phase hydrocarbons

Adsorbed Sulfate (S04)
Hydrocarbons

"‘Bounding the role of black carbon™ Report 2013:
-- Globally diesel BC is expected to be 20 per cent of the total BC emissions

-- Total emissions from gasoline are less than 10% of diesel BC emissions,
although gasoline vehicles are more nuUMerouSgrce: World Bank 2014




Diesel BC vs Gasoline BC: Diesel loses
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Gasoline, all vehicles

Diesel and heavy oil, ships
Diesel, nonfarm off-road vehicles
Diesel, farm vehicles

mFOC

Diesel, superemitter W FBC
Diesel, on-road general

Diesel, on-road general

Aviation fuel, aircraft

O 0.1 0.2 0.3 04 05 06 0.7 0.8
Fractionof BC & OC in fine PM

*Tami C. Bond et al 2004, JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 109, D14203, doi:10.1029/2003JD003697,
2004




We are already worried about diesel-- WHO: Diesel
particles are class 1 carcinogen.. And many more
effects..........

[:Y\,]|M Strong link with lung cancer.............
BAIGAAII%‘EGE Toxic Air Contaminant Unit Risk/Million People Detection limit (ppb)

20l5 Acetaldehyde 2.7 0.10
Benzene 29 0.05
1,3-Butadiene 170 0.04
Carbon Tetrachloride 42 0.02
Chromium, Hexavalent 150,000 0.06 (in nanogram)
Para-Dichlorobenzene 11 0.30
Formaldehyde 6 0.10
Methylene Chloride 1 0.10
Perchloroethylene 5.9 0.01
Diesel particulate matter 300 N/A

Note: Unit Risk represents the number of excess cancer cases per million people per micrgramme per cubic meter TAC concentration over a 70 year lifetime
exposure

A diesel particulate matter unit risk value of 300 is used as a reasonable estimate in the “Risk Reduction Plan to reduce Particulae Matter Emissions from
Diesel Fuelled Engines an vehicles (ARB, October 2000)

Source: California Air Resource Board
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Lessons from vehicle producing
countries.....




India -- dieselised........

ANIL Diesel car share jump from 4% in 200 to 53% in 2012
AGARWAL Some decline reported after diesel price deregulation this year
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Source: Based on market data




Diesel vehicles locking up enormous

energy and carbon...

-- Average weight and engine size during 2009-10 and 2012-13 has
increased by 6%.
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-- On an average the weight and size of new vehicles is increasing
at a rate of 2%. While 87% of petrol cars have engine size below
1.2 litres, 40% of diesel 1.5 litre and above.

-- Even at a moderate and flat growth rate of 20 per cent a year, the
total diesel cars in 2020 will be double the size of the total car sales
today.

Share of diesel cars in new car sales Average Weight (kg)

1120 - Average Engine Size (cc)
o | 49%
. . 39%
0 35% 36% I

2009-10 2010-11 2011-12 2012-13

1360 -
1101 1346

1100 -
1340 - 1333
1080 - 1072 1320 -
1064 1300
1060 1300
1280 - 1273
1040 - 1037
1260 -
1020 -
1240
1000 - T T T 1220 . .

2003-10 2010-11 2011-12 2012-13 2009-10 2010-11 2011-12 2012-13
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Why diesel makes us climate

insecure?

-- Black carbon emissions from
diesel vehicles are several times

_ 175 -

more heat trapping than CO2 170 -
= 165

-- CO2 emissions from the < 10|
upstream diesel refining process 2 1>
will increase:European Commissio 6 s

has found lifetime pollution costs of 1‘3‘2

Euro IV compliant diesel car is mucl
higher than petrol cars.

-- Rebound Effect: Diesel fuel has
higher carbon content than petrol. If
more diesel is burnt encouraged by
its cheaper prices and more driving,
more heat-trapping CO2 will escape.

PM (gm/km;

-- Nullifies marginal greenhouse
gas reduction benefit of diesel car

CO2

Petrol cars (> 1400cc) Diesel cars (< 1600cc)

PM

Petrol cars (> 1400cc) Diesel cars (< 1600cc)



Emissions standards trajectory in India.....

India: Euro IV norms 10 years behind

ANIL Europe; Euro Il 15 years behind Europe
AGARWAL Leapfrog to Euro VI standards in 2020
AL 0.1600 -
--EU
0.1400 |
-=-USA
0.1200 + —-4India selected cities
0.1000 -=|ndia rest of the country
0.0800 -
0.0600 |
0.0400 -
0.0200
OOOOO [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [
O 4 N O <t 1N O~ 00 O NN < 1N O~ OO 4 NN < W
O O O O O O O OO0 O ™ ™ ™ ™ ™ = = = == = o 0 O O N N
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N NN N AN AN NN NN NN AN NN NN NN NN NN NNy o
piled from Diesel Net, USA data Note: Europe has additionally introduced particle number standards at Euro V
, Germany level

Future norms of US and Europe are tightening NOx norms for diesel more




Very high ratio of Black Carbon to
Organic Carbon in diesel emissions

ANIL World Bank study 2014: Fleet-wide averages taken in a global
AGARWAL emissions inventory model shows black carbon share of
DIALOGUE PM2.5 emissions for diesel vehicles for European standards

2015 IS very high (in %)

Euro | Euro Eurolll |[EurolV |EuroV | EuroVI
LDV 70 80 72 69 25 25
Bus 65 65 61 83 83 7
LHDT 70 81 72 69 23 25
MHDT |70 80 72 68 23 25
HHDT 65 65 61 83 83 8

Source: World Bank 2014



Importance of early action

New official proposal: Too little too late.....

[.Y||™ --2017-18: Euro IV nationwide
[.Td.\:1" .M - 2020-21: Euro V nation-wide: (with 10 ppm sulphur fuels)
DIALOGUE Bim 2024-25: Euro VI nation-wide

Need to leapfrog to Euro VI nation-wide in 2020
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China: Taming diesel

-- Dieselization of car fleet has not been such a problem.
Very small differential between diesel and petrol prices.

-- As a policy matter government officials have discouraged
light duty diesels. Diesel cars banned in Beijing.

-- Proposal from China’s Ministry of Environmental
Protection (MEP) State Council to introduce 10 PPM sulphur
fuel by end of 2017.

-- Proposal of quicker steps in key regions.

-- Beljing has already introduced Euro V emissions
standards.
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Diesel in Europe.. A mistake?

Massive dieselisation in Europe — 50-75%
-- Price differential between diesel and petrol; high
taxation that puts premium in fuel economy and CO2
mitigation and fuel efficient car led to this.....

Recent rethink on diesel in Europe:

-- Directive of the European Court of Justice on violation of
air pollution standards in UK. Implications for rest of
Europe

Vehicle tax rates introduced in UK in 2001 that
Incentivised diesel vehicles but penalised petrol cars to
reduce CO2 has now been dubbed as a ‘Blunder’...

-- France to phase out diesel cars. French Premier says
diesel was a ‘mistake’



European trajectory: Post Euro VI?
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Euro VI + action on off-road sources
and ships + walk + cycle+ public
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The US moving towards
technology forcing regulations...

-- Car segment has not dieselized as it has in Europe.

-- The US does not maintain differential between petrol and
diesel prices. Consumer preference has remained in favour
of petrol vehicles.

-- The US also sets the same NOx standard for diesel cars as
for petrol cars.

-- Relatively higher diesel penetration in the recent years has
coincided with the introduction of tighter emissions
standards of Tier II.

-- Heavy duty truck and bus fleet as well as off-road
vehicles are an important source of black carbon
emissions.



The US trajectory....Post Tier II?

ANIL
LLLULLY  Tier 3 emissions standards: move technology

DIALOGUE [N 2
zolis trajectory towards zero emissions

California’s black carbon mitigation programme:
-- Mitigation of in-use emissions programme
for heavy duty vehicles -- retrofitting or re-
powering of old diesel engines,

-- Reducing emissions from off-road vehicles
and non-road transport; Marine pollution.

-- Focus on rail based freight movement.
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Opportunities in vehicle importing countries...
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Sri Lanka: Remarkable impact of fiscal
measures on diesel market

2,500,000,000

2,000,000,000

1,500,000,000

1,000,000,000

500,000,000

-- High import duty etc
on all cars.
-- Double the tax on
diesel cars

Change of Fuel Consumption hy-tr)ar‘;;gOncessmn for
-- 10 ppm sulphur diesel
phase-in started...

B Petrol
Diesel

2007 2008 2009 20010 2001 (up to
Aug.
31st, 2011)
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Emerging roadmap in Africa region
An opportunity........

Action on low sulphur fuels: Since January 2015:
East Africa: Kenya, Uganda, Rwanda, Burundi and
Tanzania moved to 50 ppm.

North Africa: Morocco, Tunisia and Mauritius have met
50 ppm or below target

Nigeria and South Africa: Euro Il emissions standards

South Africato leapfrog to 10 ppm by 2017. Six refineries
to build capacity. Proposed to meet EU 5 Vehicle emissions



Importance of early action

ANIL India— Due to the emissions standards roadmap in force, the black carbon
emissions in 2015 are nearly 47% lower than they would have in the
AGARWAL - -
absence of the policy. (ICCT Estimates)
DIALOGUE
20]5 Saved more than 6,300 premature deaths in India’s 337 largest cities
because of PM2.5 reductions in 2010. This translated into economic
benefits of about Rs. 50,000 crore in 2010 -- 0.7 of India’s GDP that year.

0.45

H BAU W Continued Dual Standards W MNational Leapfrog W World Class
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0.00
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Figure ES-7: Projected total PM,, emissions with further policy action (2010-2035)

Source: ICCT
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Lessons: -- Opportunity in technology
leapfrog and mobility transition.....




Need leapfrog...

-- Euro VI -- NOx limits for diesel and petrol vehicles narrow down
but remain. Has more stringent limits for heavy duty vehicles.

ANIL

[.{q:\:{''[.\M -- Particle number standards force use of a diesel particulate filter
) [:Y®i[q1]4 nheavy duty vehicles.

r{I]L} -- Need stringent in-use vehicle regulations and compliance
programme

-- Fleet renewal programme for heavy duty vehicles based on
stringent emissionsostandards.

250 250

250 -

200 -

150 -

100 -

62 62
50 - 45 43 43
. 12 12
0 - : .
Euro 4, 2005 Euro 5, 2009 Euro 6, 2014 US Tier 2, Bin 5 ARB SULEV

2007/2009

Source: CSE H Gasoline NOx mDiesel NOx Diesel PM X 10



Increased vehicle activity.....Need

mobility transition
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Figure 1-2: Vehicle Activity Forecast By Region, to 2050. Source: Data from Facanha et al. (2012).
Source: World Bank 2014
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India’s opportunity: Reinvent mobility

Majority in India walk, cycle and use public transport.
Protect this baseline and improve........ Need preventive action

Source: TRIPP, 2010

V' urban Mobility
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Integrate co-benefit indicators
with air pollution regulations

World Bank study for India (July, 2013):

-- Outdoor air pollution is 29% of the total
environmental damages

-- Health cost of PM10 — 3% of GDP
-- PM10 mitigation cost less than 1% of GDP

-- Annual savings from health benefits can
be more than USD 100 billion.. And CO2
emissions can be reduced by upto 60%
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Co-benefit from Delhi CNG bus
programme

Delhi CNG programme

New study shows that in comparison with the warming potential of
black carbon emissions from the older diesel fleet, CNG has been
less warming.....

-- When black carbon from diesel is not considered estimated CO2

(e) increase due to switch

600 - h . ;
. n in z
-- When black carbon is taken Cha ge CGEE

neutral Upto 30% reduction in Buses

o+, | —— s i
CO2 CH4 CHe |Bg oOC 502
fexh.) (leak.)
Source: Conor Reynolds and M

Kandlikar, British Columbia =600 -
2008




Action on diesel black carbon is a win-win....

ANIL -- Need upward harmonisation
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-- Leapfrog emission standards. National roadmap to accelerate move
towards Euro VI vehicles and fuels (with 10 ppm sulphur fuels).

--- Need investments in refineries to produce clean fuels
-- Need fiscal measures to accelerate the roadmap.

-- Accelerate fleet turn over of heavy duty vehicles linked to stringent
emissions standards.

-- Reinvent mobility — walk, cycle, use public transport.

-- Build compact cities to reduce vehicle miles travelled

-- Increase the share of rail based passenger and freight transport
-- Phase in action on off-road and non-road transport emissions

Leverage the opportunity for co-benefits of health and climate




Do you think

we are not seeing
the point?

b

10 =
INDUSTR

Thank You.....
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