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Collapse of the Münchenstein railway bridge in 1891

You might know this technology, it’s also used in Paris

- bridging society, research and industry

- bridging research and applications

Empa’s mission is:

- building better bridges
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l 2 Federal votes on environmental politics
- Construction of a railway link through the Swiss Alps, 21.9.92 
- Initative to protect the Alps, 20.2.94

l 2 Tunnels of 57 km, overall 153 km shafts & tunnels
l At costs of more than 20 billion CHF
l Constructed from 1993-2017 
l Hundreds of construction workers and diesel engines involved

Visionary decisions of the Swiss people 30 years ago!

NEAT – the longest railway tunnel 
in the world
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NEAT – the longest railway tunnel 
in the world
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l Enough fresh air at the construction site? 

l Concentration of pollutants within occupational health limits? 
(MWC of diesel exhausts: 0.1 g/m3 (> 1000x dilution needed)

l Start of the VERT project (since 1995 with Empa)
VERT: Verminderung der Emissionen von Realmaschinen im Tunnelbau
(reduction of emissions of real-world enignes in tunnels)

NEAT – the longest railway tunnel 
in the world
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Diesel engine exhausts cause cancer in humans

World Health Organization, IARC
Diesel engine exhaust: a group 1 carcinogen



9

Diesel engine exhausts cause cancer in humans

World Health Organization, IARC
Diesel engine exhaust: a group 1 carcinogen

only 125 years after 
Rudolf Diesel’s patent!

Group 1

June 12, 2012

Lung cancer 
in exposed workers
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Diesel engine exhausts cause cancer in humans

World Health Organization, IARC
Diesel engine exhaust: a group 1 carcinogen

diesel exhaust exposure:
 a potential public health burden

Lung cancer 
in exposed workers

12’315 workers, 8 mines
198 lung cancer death

(16’000 in 1’000’000)
(1 in 1’000’000, target value Swiss LRV)
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Diesel engine exhausts cause cancer in humans
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Miners study II, 18 years later, extended cohort study in 2023
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Diesel engine exhausts cause cancer in humans

World Health Organization, IARC
Diesel engine exhaust: a group 1 carcinogen

U.S.A. miner’s study II, 18 years later, exteded cohort study 2023

Lung cancer in exposed workers

12’315 workers, 8 mines
from 198 up to 409 lung cancer death

(from 16’000 up to 33’000 in 1’000’000)
(1 in 1’000’000, target value Swiss LRV)

4’887 workers died
1251 cancer death

besides 409 lung cancer death
92 prostate
91 intestine

74 urinary (kidney, bladder)
67 pancreas

61 non-Hodgkin lymphomes
51 leukemia

(102’000 cancer death in 1’000’000)



Diesel soot particles – Trojan horses
for genotoxic compounds

Non-treated diesel exhaust is a toxic cocktail, it is much more 
deadly than what we expected 20 years ago

1/3 of the miners died on lung cancer 
(409 of 1251) 

2/3 of the miners died on other cancer
(842 of 1251)

Evidence for the Trojan horse effect?



Are there any omissions?



Are there any omissions?

We burned 30 years on diesel converter technology!

About 1/3 of the global vehicle fleet burns diesel

But about 2/3 of the global vehicle fleet burn gasoline



What was hidden under the term «other technologies» ?

Are there any omissions?



GPFs for gasoline vehicles

What was hidden under the term «other technologies» ?

Are there any omissions?

Gasoline Gasoline



GPFs for gasoline vehicles

VW Touran 
FSI (GDI)

VW Touran 
TDI Diesel 
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Are there any omissions?



Are there any omissions?

We burned 30 years on diesel converter technology!

About 1/3 of the global vehicle fleet burns diesel

But about 2/3 of the global vehicle fleet burn gasoline



Dr. Andrea Ulrich
2. Nov. 1961 – 12. März 2013

A good colleague and dear
friend to remember!

2013
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Europe is flooded with soot nanoparticles of GDI vehicles

GDI vehicles on the rise

- 30% of the EU fleet will be GDI in 2020
- 53 mio GDI vehicles in Europe (2010-2020)

Nanoparticle emissions of GDI vehicles



GDI fleet properties: Mean GDI fleet (n=7)

GDI-1: Mitsubishi Carisma (1.8 L)
GDI-2: VW Golf (1.4 L)
GDI-3: Opel Insignia (1.6) 
GDI-4: Volvo V60 T4F (1.6 L) 
GDI-5: Opel Zafira (1.6 L)
GDI-6: Citroën C4 Cactus (1.2 L)
GDI-7: VW Golf VII (1.4 L)

Diesel benchmark (with DOC+DPF, EGR)   
DI: Peugeot 4008 (1.6 L)

Euro-6
Euro-6

Euro-3

Euro-5
Euro-5

Euro-4
Euro-5

Euro-5

The sooting problem of GDI vehicles



GDI particles indeed are nanoparticles of 10-200 nm

Nanoparticle emissions of GDI vehicles

Millions of new «sooting stars» are born every year now! 

- GDI particles are nano!

- Maxima at 20 & 80nm

- Bimodal distribution



Europe is flooded with soot nanoparticles of GDI vehicles

GDI vehicles on the rise

- 30% of the EU fleet will be GDI in 2020
- 53 mio GDI vehicles in Europe (2010-2020)

GDI vehicles, on average, release:
700 x more nanoparticles 
and 17 x more genotoxic PAHs 
than a Euro-5 diesel vehicle with DPF!

Before you buy a GDI vehicle, please read the GASOMEP report  
(https://www.empa.ch/web/s604/soot-particles-from-gdi)

Nanoparticle emissions of GDI vehicles



30 years VERT on diesel technology

14th VERT Forum: We should change gears now with gasoline 
vehicles. Empa, March 22, 2024  

Something to celebrate, but much more work ahead of us!

NPTI for gasoline vehicles

Filters for gasoline vehicles

Reduction of genotoxicity


