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One piece at a time
by Taneli Fabritius, Technology Manager, 

and Janne Kärki, Research Team Leader, VTT Technical Research Centre of Finland

We need electrofuels for reducing emissions from transport and P2Chemicals for cleaner products. The 
Power-to-X (P2X) technology can provide both. What is missing, however, are large-scale production 
facilities. Creating the supply could lead to new export opportunities. Joint P2X demonstration projects, 
which bring together the companies from across the entire value chain, are essential to commercialisation.

S top for a moment to look at the 
things around you. You might be 
able to identify many products 
made from oil, such as various 

plastics or certain cosmetics. Even if you’ve 
embraced the plastics-free life, the chances 
are that you didn’t make them yourself on 
the spot. Oil-based transportation is what 
brought them onto your shelf, not to men-
tion the energy consumed at the production 
stage. The elephant is in the room, even if 
we don’t see it with the naked eye.

Mitigating climate change requires phas-
ing out the widespread use of fossil oil. At 
the same time, though, we need energy 
and base materials to make goods. That’s 
why CO2 capture from industrial emis-
sions (or directly from the air) and hydro-
gen produced from water using clean elec-
tricity have lately become hot topics. These 
and many more innovations promise to 
exchange the unsustainable oil-based econ-
omy for a clean one.

Electrofuels and P2Chemicals still face 
legislative hurdles and barriers concern-
ing competitiveness. In addition, there is  
a considerable demand for additional clean 
energy to start manufacturing them. The 
facilities needed to produce pure hydrogen 
and capture CO2 are still in relatively early 
stages of market penetration. As such, how 

can the world’s oil refineries and the petro-
chemical industry be renewed?

Capacity to production to use
A Nordic Energy Research organisation 

project compared potential electrofuels pro-
duction sites throughout the Nordic region. 
Scenarios show the output of Nordic electro-
fuels could tot up to about 25 terawatt-hours 
by 2045. It roughly corresponds to Finland’s 
total annual consumption of diesel fuel in 
road transport.

It looks like there will be no shortage of 
raw materials for electrofuels in the Nordics. 
That said, sustaining the production will 
require plenty of additional clean electricity. 
If the needed electricity were to be entirely 
covered by wind power, the Nordic countries 
would need 15 gigawatts more wind energy, 
six-to-seven times more than Finland’s cur-
rent capacity.

Energy consumption of fuels in domestic 
transport in Finland is about 49 terawatt-
hours a year, of which road transport con-
sumes 93% (electricity used for electric vehi-
cles is not included in the 49 TWh figure). 
Direct electrification both reduces emissions 
and cuts the total need for energy in trans-
port. The Finnish road map for fossil-free 
transportation shows how to cut emissions 
from the sector in half by 2030. According 

to it, the next phase will evaluate the avail-
ability and impact of electrofuels.

In Finland, there could be several pro-
duction facilities for electrofuels in the 
early 2030s. Annual domestic production 
of 250m litres could cover around 5% of the 
energy used as fuel in domestic transport. 
The significance of electrofuels in reducing 
domestic emissions might not be of much 
relevance before 2030, but we must keep 
the long-term goal in mind. Bringing down 
domestic transport, including heavy-duty 
haulage, to zero-emission by 2045 means 
no further use of fossil-based oil.

On a global scale, the demand for 
electrofuels will be substantial as well. 
Estimates claim that about 70% of the 
world’s energy for transport will come 
from fuels as late as 2050. Emission cuts 
from domestic transportation should be 
utilised as a springboard to commercialise 
novel technologies for export.

The beginning of 2021 saw the launch-
ing of the E-fuel project of the Neste Veturi 
programme. It aims at large-scale produc-
tion and commercialisation of electrofuels. 
Involving 15 partners, E-fuel is an invest-
ment of more than €6.0m to develop electro-
fuels. One of the project’s goals is to improve 
the production efficiency in converting elec-
tricity to fuel by 10-15 percentage points 
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compared with the current technologies. 
A key enabler for this is combining high-
temperature electrolysis with CO2 capture 
and a hydrocarbons synthesis unit.

Meanwhile, new production technolo-
gies for electrofuels are to be commercial-
ised together with companies in the value 
chain. For example, Convion and Elcogen 
are developing high-temperature electroly-
sis in parallel projects.

E-fuels will also demonstrate the end-use 
of produced electrofuels in heavy vehicles. 
New possibilities for reducing CO2 and local 
emissions emerge when knowledge in elec-
trofuels, vehicle technology, and emission 
control are combined.

Demonstrations  
to commercial installations

In the BECCU project, funded by 
Business Finland, VTT, alongside a big 
group of Finnish companies, is developing  
a production process that allows the cap-
tured CO2 from bioenergy plants to serve 
as raw material for polyols, a speciality 
chemical, together with clean hydrogen. 
If the project succeeds, it will be possi-
ble to manufacture polyurethane (used 
in the construction industry, glues, and 
many everyday use goods) out of polyols 

produced in an environmentally friendly 
manner.

Meanwhile, the Park Höchst industrial park 
in Frankfurt hosts the ICO2CHEM project, 
led by VTT. It will serve as a manufacturing 
demonstration of chemical products, including 
paraffin oils and waxes used in insulators and 
coatings, with hydrogen and CO2 side streams 
available in the area. Altana, one of the project 
partners, tests oils and waxes produced within 
ICO2CHEM in its product applications.

Concerning P2Chemicals, the array of 
potential P2X products is genuinely exten-
sive. From the point of view of profitable 
business, it would be reasonable to start 
commercialisation with higher value prod-
ucts that exhibit sufficient prerequisites for 
economic success.

Building extensive chemical production 
facilities can cost hundreds of millions or 
billions of euros. Hence, the technology 
needs to be well understood before inking 

a new plant. Demonstrations allow devel-
oping and testing new technologies and 
collecting invaluable data for investment 
decision-making whether to scale up or not.

Another look
Breakthroughs, be they technological 

or economic, require time to mature – 
from laboratory tests to small-scale pilots 
to full-blown production sites and world-
wide export success. Due to a long-lasting 
commitment to research and development, 
we can develop winning ‘Made in Finland’ 
technologies for the world market, enabling 
producers to stop using fossil oil.

So how can the world’s oil refineries and 
the petrochemical industry be renewed? The 
answer is the same as the old joke about 
how to eat an elephant: one piece at a time. 
One day, when we take another look at the 
goods surrounding us, we’ll notice the poor 
creature is no longer in the room. �

Owned by the Finnish state, VTT is one of Europe’s leading research institutions. 
Our task is to advance the utilisation and commercialisation of research and 
technology in commerce and society. Through scientific and technological 
means, we turn global challenges into sustainable growth for businesses and 
society. We bring together people, business, science, and technology to solve 
the biggest challenges of our time. This is how we create sustainable growth, jobs 

and wellbeing and bring exponential hope. Head to www.vttresearch.com/en to learn more.

Photo: Neste

http://www.baltictransportjournal.com
https://www.beccu.fi/partners/
https://www.spire2030.eu/ico2chem
https://www.vttresearch.com/en
https://www.vttresearch.com/en

