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Background

* Volkswagen, headquartered in Wolfsburg, Germany is
one of the most iconic automobile manufacturers in the
world.

* It was founded by the German Labour Front in the year
1937.

* It operates more than 60 production plants around the
world

* Volkswagen (10.1 million units sold) was the 2nd
biggest car manufacturer after Toyota (10.2 million
units sold) in 2014




Volkswagen Dies el S c an d a Ne“;);cl':ll:l':;;le\gii(::'ations in Germany, share by vehicle type 2015 - 2018.

1974
Volkswagen paid fine of $120,000
over the use of “defeat devices”

A 4

2009
Volkswagen installed softwares to
circumvent emissions test

l

September 2015
US EPA accused Volkswagen for

using defeat devices or softwares in
the diesel engines

l

9.7 billion dollars fine paid in the
US against diesel gate scandal
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https://www.cleanenergywire.org/factsheets/dieselgate-timeline-germanys-car-emissions-
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https://www.businessinsider.com.au/chart-this-is-what-happened-to-volkswagen-after-the-
emissions-scandal-2015-12 4



How the defeat device work?
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Volkswagen's operating profit from FY 2006 to FY 2017 (in million

euros)
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Additional Information:
Worldwide

https://www.statista.com/statistics/272053/operating-profit-of-
volkswagen-since-2006/

System for trapping nitrogen oxides
thereby reducing toxic emissions




Causes of the scandal

* To overcome fundamental problems for controlling
harmful emissions by it’s smaller diesel cars

* Inadequate internal controls

* Ambitious goals



Consequences of the scandal

e Total of 11 million cars affected worldwide out of
which 500,000 cars in US and 7 million cars 1n
Europe

* Engines emitted nitrogen oxide pollutants up to 40
times above what 1s permitted in the US that may
result in 1 million tonnes of air pollution every year



—France | Called for UK | Announced — China | Beijing
inquiries into VW probe into VW banned diesel cars
diesel cars diesel cars in 2003. In China

) VW mostly sells
: \.‘.T?- & .| petrol cars

-

diesel cars

Us | Sales have _ switzerland | : .
stopped Stopped sales of India | Ordered
2-litre VW models testing all VW cars

https://www.downtoearth.org.in/coverage/air/does-volkswagen-fraud-signal-death-of-diesel--51539



Regulatory limits of Nitrogen Oxides
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EU's response to dieselgate scandal, February 2019

US Standard limit for
Nitrogen Oxides

emissions
0.04 g¢/Km

0.8

2011 Volkswagen Jetta

HIGHWAY
URBAN (LOS ANGELES)
URBAN (SAN DIEGO)

RURAL (UP AND DOWNHILL)

2012 Volkswagen Passat

HIGHWAY
URBAN (LOS ANGELES)
URBAN (SAN DIEGO)

RURAL (UP AND DOWNHILL)

EU standard limit for
Nitrogen oxides emissions

0.08 g/Km
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15 times limit
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20 times
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U.S. limit
.04 grams/kilometer

https://www.nytimes.com/interactive/2015/business/international/vw-diesel-emissions-scandal- 9
explained.html



Suzuki; 41776

Opel; 96381

Fiat Chrysler; 469938

/4

VW (Audi, Porsche,
Seat, Skoda,
Volkswagen); 8 248 946

BMW; 4 406

Renault-Nissan-Dada;
1330 368

Daimler; 1064 015

EU's response to dieselgate scandal, February 2019

VW cars withdrawn for Nitrogen

Oxide

emission

test as of

September 14,2018 in EU.

Regulations strengthen to ensure

the vehicles

introduced to the

market meet emissions limit.

Type-approval

Conformity of
production

production

In-service
conformity

market +

usage Market

surveillance

OLD

® NEDCtesting
TAA issues certificates
® |imited review of
TS/TAA work

® Manufacturer ensures
conformity of
production

® TAA certifies it

® Manufacturer ensures
these checks
@ TAA certifies it

® |imited market
surveillance, performed
along with other general
consumer products

EU's response to dieselgate scandal, February 2019

L 2

TYPE-APPROVAL FRAMEWORK

NEW

® \WLTP + RDE testing

® TAAissues certificates

® New quality control
arrangements for TAAs
and TSs

® rorum of TAAs and

MSAs

Increased Commission

role throughout all

stages

Manufacturer ensures
conformity of
production

® TAA certifies it

® Manufacturer continues
carrying checks and
reports on them
Mandatory checks to be
carried out by TAAs,
which granted type-
approval

L Mandatory testing
required by MSAs in
Member States
European Commission
(JRC) carries out its own
tests
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Air Pollution

* Air pollution broad spectrum of health
effects such as asthma, COPD and
cardiovascular morbidities.

* Particulate matter (PM) , gases or even
a combination of both.

* Particulate matter (PM):

— Diesel Exhaust

— Polycyclic aromatic hydrocarbons (PAH’s)
— Carbon Nanoparticles

» Gases

— Nitrogen dioxide
— Sulphur dioxide

— carbon monooxide

11



| Airway

* Interaction with the lung lining fluid

Antioxidants
- .. . GSH, vitamins C & E, thioredoxin, uric acid, thiol proteins
containing antioxidants —> Radical fatty acids, ecSOD, ecGSHpx

| | = © 308 &
generation > depletion of the mﬂ:g Neutrophil - N

fluid Protein Lipid CHO
antioxidant defense. Antioxidant

 Initiation of cellular responses

—>Release of cytokines and tight

junction modification

Romieu, 1., Castro-Giner, F., Kunzli, N., & Sunyer, J. (2008). Air pollution, oxidative stress
and dietary supplementation: a review. European Respiratory Journal, 31(1), 179-197. doi:
10.1183/09031936.00128106
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In-vitro study

Multi-cellular human bronchial models exposed to
diesel exhaust particles: assessment of
inflammation, oxidative stress and macrophage
polarization

Jie it , Swapna Upadhyay t , Xiaomiao Xiong, Maria Malmléf, Thomas Sandstrém, Per Gerde and

Lena Palmberg

TContributed equally

Particle and Fibre Toxicology 2018 15:19

Liquid-rich monolayer culture

Medium

e Air-Liquid Interface (ALI) Cell culture ([ @ @ @ @ @ @

with Primary Bronchial Epithelial cells
(Pbec’s)

* Diesel Exhaust Particles (12.7 pg/cm?)
exposed to ALl culture

e Co-culture of Pbec’s with macrophage

(a)
2-D ALI culture

Air exposure

Medium
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Macrophage Polarization

Important role in host defense

M1 Phenotype : Classical Activated
macrophage
M2  phenotype: Alternative activated

h IL-1B, IL-6 Pro-inflammatory
maCI'Op age — |L-12,1L-23, — Pathogen clearance
TNF Tissue damage

-0, [L-1ra
—
TGF-

M1 pehnotype: Induced by Helper T cell
(Th1) response=> TNf-a, IFN-y, NFKB

Allergic inflammation

IL-LIL-6  __ Tissue remodeling
IL-10, TNF-a Fibrosis

M2 phenotype: Induced by Th2 response =
MRC-1, IL10 = wound healing and tissue
regeneration

Anti-inflammatory

= IL-10, TGF-pt— Tissue remodeling
Phagocytosis
Fibrosis

Saradna, A., Do, D., Kumar, S., Fu, Q., & Gao, P. (2018). Macrophage polarization and
allergic asthma. Translational Research, 191, 1-14. doi: 10.1016/j.trsl.2017.09.002
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Inflammation
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e Increase in pro-inflammatory and cytokine levels
after Diesel Exhaust particles exposure

* Macrophage polarization towards M2 Phenotype
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Tissue Injury Markers
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Increase in tissue injury markers after Diesel Exhaust Particles

Macrophage Polarization towards M2 Phenotype
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