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Renewable hydrocarbon fuels
Is there a sustainable production of Fischer-Tropsch fuels?

The chemistry of hydrocarbon fuels
Is there a sustainable production of Fischer-Tropsch fuels?

Combustion of hydrocarbon fuels

- Alkanes (CxH2x+2) are major fuel constituents of CNG, LPG, gasoline, jet
fuel, diesel fuel, heating oil and Fischer-Tropsch fuels
- Alkyl benzenes (C6+xH6+2x) important constituents of gasoline
- Alkyl naphthalenes (C10+xH8+2x) constituents of gasoline, jet & diesel fuels
- Alkyl PAHs constitutents of jet & diesel fuels

CNG, LPG and FT-fuels are less complex than fossil fuels,
the latter are mixtures of >1000 compounds

The chemistry of hydrocarbon fuels
If you burn alkanes you get lots of CO2 and water, but stoichiometry matters

Stoichiometric combustion of alkanes:

The chemistry of hydrocarbon fuels
Sub-stoichiometric combustion results in sooting!
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Are biofuels part of a sustainable society?

The chemistry of hydrocarbon fuels
If you burn mixtures, stoichiometric combustion is difficult to maintain!
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3.6- alkanes are combusted as mixtures (exception CNG)
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Are biofuels part of a sustainable society?

The sooting problem
Sooting is an inherent problem when combusting HC mixtures

Fischer-Tropsch fuels contain little aromatic HCs
Soot formation can be reduced
if enignes are adopted well.
Can one fullfill PN standards with FT-fuels
without particle filters?
We will possibly blend fossil- and FT-fuels,
as we do it with biofuels since 20 years!
And with it, the sooting problem remains!
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The chemistry of oxygenated fuels
Renewable oxygenated fuels – intermediates on the way to CO2

Lots of renewable H2 needed,
e.g. from water splitting with renewable electricity
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The chemistry of oxygenated fuels
Renewable oxygenated fuels – intermediates on the way to CO2

Lots of renewable H2 needed,
e.g. from water splitting with renewable electricity

+

Can oxygenated fuels be produced
in large quantities and in renewable ways?
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founder of the HOVAG to support
the local forest industry
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Peak production in 1943
10’000 t/y (12’600’000 L)
1/3 of liquid fuel consumption in
1940-1945 of ~33’000 t/y, incl.
gasoline, diesel, aviation fuel

For comparison:
In 2017, we consumed 6’760’000 t/y
(>200 x), 35% gasoline, 39% diesel,
and 26% jet fuel.

Do you know Emser Wasser?

10’000 t/y Emser Wasser
=
0.15% of todays consumption
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Decision of the Swiss
people (men) in 1956:
465’000 No’s (56%)
365’000 Yes (44%)
No national production of
renewable
oxygenated fuels

New fuels, new risks, new challenges:
The chemistry and toxicity of syn-fuels
Empa at is best, comprehensive investigation on oxygenated fuels in 1952

More lessons from the past

On the operation of
combustion engines
with oxygen-containing fuels

Empa Direktor:
Prof. Eduard Amstutz

New fuels, new risks, new challenges:
The chemistry and toxicity of syn-fuels
If you want to learn more on oxygenated fuels, you must read it!
Syn-fuels to blend with fossil fuels
Independence from import (WW2)
O-containing fuels produced in CH:
Paraldehyde, methanol, ethanol,
acetone, ethyl acetate
Fuel properties: Energy content,
mixability, water up-take, etc.
Engine performance:
Fuel consumption, knocking,
bubble formation, corrosion,
ignition properties, etc.

New fuels, new risks, new challenges:
The chemistry and toxicity of syn-fuels

Δ= - 38%

Δ= - 56%

Oxygenated fuels with considerably lower energy content

gasoline

ethanol
Emser Wasser
methanol
You better double the tank volume
or lower the fuel consumption (0.5x)!

Fig. 13. Correlation of specific energy (lower caloric value) and specific air consumption

New fuels, new risks, new challenges:
The chemistry and toxicity of syn-fuels
Oxygenated fuels with low energy content and high evaporation heat!

gasoline

No tetra-ethyl lead needed!
Evaporation heat (kcal/kg)

55

ethanol

263 204 239

methanol

Emser Wasser

Lessons from the past

New fuels, new risks, new challenges:
The chemistry and toxicity of syn-fuels
All you wanted to know on oxygenated fuels, available at Empa since 1952!

Lessons from the past

Lots of relevant data since 1952!

Toxicity of exhausts was not an issue in 1952!
Impact on catalytic converters was not an issue as well!

The chemistry of oxygenated fuels
Formaldehyde, methanol, ethanol and other alcohols – a playground for chemists!
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The chemistry of oxygenated fuels
Oxygenated fuels - whatever you want, chemists can make it!
But can you afford it? These are valuable chemicals!
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Are exhausts of oxygenated fuels toxic?
Many ways to get intoxicated
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Are exhausts of oxygenated fuels toxic?
What combustion products would you expect if you burn oxygenated fuels?
An educated guess:
the compounds you used to synthesize them!

+

Are exhausts of oxygenated fuels toxic?
Many ways to get intoxicated, mostly chronic diseases, only CO kills quickly

Acute toxicity:

- CO, formaldehyde, methanol

Chronic toxicity: - oxidative stress
- inflammation
- chronic obstructive pulmonary disease
Genotoxicity:

- mutations
- cancer

How toxic are combustion exhausts, what endpoints to consider?
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green house gas

non-reactive

12800 ppm deathly

acute toxic

class B1 carcinogen

genotoxic

irritant, neurotoxic

acute toxic

blindness, death

acute toxic

Are exhausts of oxygenated fuels toxic?
The combustion of methanol leads to toxic intermediates!

Problem: Acute toxicity

Are exhausts of oxygenated fuels toxic?
CO limit 1000 mg/km for gasoline vehicles corresponds to ~1300 mg/m3 exhaust

Problem: CO intoxication
ppm (mg/m3)
- headache, dizziness in 6-8 h

100 (125)

- headache, dizziness in 2-3 h

200 (250)

2x

35 (44)

- headache, dizziness in 2-3 h, loss of judgment

400 (500)

- frontal headache, in 1-2 h

800 (1000)

- dizziness, nausea, convulsion in 45 min in 6 h Euro-4,-5,-6
1000 mg/km
- dizziness, nausea in 20 min, death <2h
Euro-2
- dizziness, nausea in <10 min, death <30 min
2200 mg/km

1600 (2000)
3200 (4000)
6400 (8000)
12800 (16000)

- dizziness, convulsion, respiratory arrest, death <20 min
Pre Euro-1
- unconsciousness after 3 breath, death <3 min
35000 mg/km

New fuels, new risks, new opportunities:
The chemistry and toxicity of syntetic fuels
Hazard assessment of synthetic fuel exhausts

A lot home work ahead of us!
- New fuel specifications
- New emission standards

(for formaldehyde, methanol, etc.)

US LEV
8 mg/mile (5 mg/km)
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New fuels, new risks, new opportunities:
The chemistry and toxicity of syntetic fuels
Hazard assessment of synthetic fuel exhausts

A lot home work ahead of us!
- New fuel specifications
- New emission standards

(for formaldehyde, methanol, etc.)

- New instrumentation
(FID does not work)

- Cell toxicity tests
- Genotoxicity tests

(mutagenicity and carcinogenicity)

- Multi-compartment analysis
(impact on soil, water, air)
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New fuels, new risks, new opportunities:
The chemistry and toxicity of syntetic fuels
Hazard assessment of synthetic fuel exhausts

A lot home work ahead of us!
- New fuel specifications
- New emission standards

(for formaldehyde, methanol, etc.)

- New instrumentation
(FID does not work)

- Cell toxicity tests
- Genotoxicity tests

(mutagenicity and carcinogenicity)

- Multi-compartment analysis
(impact on soil, water, air)

- Impact on catalysts & filters
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New fuels, new risks, new opportunities:
The chemistry and toxicity of syntetic fuels
Oxygenated fuels - whatever you want, chemists can make it, but is it renewable?

Is this the way to go?
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