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Global aim and grand
challenges

Achieving energy efficiency, resource
security and preventing environmental
pollution are great societal challenges that
need to be urgently tackled. To address
these key points, the chemical industry
has to undergo an essential transition
from a fossil-based to a renewables-based
enterprise, while—at the same time—
significantly improving practices related
to sustainability and green chemistry.l?2
This would bring significant environmental
and economic benefits overall;. while
creating revenues for the agricultural and
chemical industry sectors and various:other
stakeholders in the European Bioeconomy.*

But how to achieve this transition when our
conventional methodologies, developed
in the past centuries, were designed to
gradually add functionality to simpler
petroleum-based  molecules  (typically
alkanes, alkenes, simple aromatics)? In
contrast to fossil resources, renewables are
highly oxygenated biopolymers; therefore,
their implementation would require finding
efficient depolymerisation and controlled
deoxygenation strategies in order to
access usable chemical building blocks.®
And what kinds of consumer products
can we and should we produce from
renewables? Undoubtedly, great efforts
should be devoted to connecting the initial
depolymerisation strategies with accessing
bio-based products that spread a wide
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value-range: from fuels to fine chemicals.
Notably, we need to design, simultaneously,
for improved performance of products as
well as minimising their adverse effects on
human health and the environment.

Lignocellulose

Lignocellulose is a non-edible, renewable
starting material consisting oflignin, cellulose
and hemicellulose. An estimated 136Mt of
lignocellulose waste was generated in 2015
by agricultural and forestry activities in the
EUS This waste could serve as valuable
input into biorefineries for the sustainable
production of bio-based fuels, chemicals,
materials. However current approaches are
largely inefficient, especially concerning the
efficient depolymerisation and valorisation
of the lignin constituent. Moreover, besides
second-generation biofuels, other product
portfolios, especially higher-value molecules,
have not been explored.

Connected to these global challenges,
and in full accordance with the principles
of green chemistry, this project aims to
develop entirely new catalytic processes
and sustainable waste-to-value chains
with a focus on lignin depolymerisation
and the production of bio-based amines.
This approach will open possibilities for
the implementation of lignocellulosic
biomass as renewable raw material for
innovative, environmentally beneficial
and economically feasible lignocellulosic
biorefineries.”
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Cleave and couple: amines
from renewables

Amines are crucially important classes
of chemicals, widely present in
pharmaceuticals,  agrochemicals  and
surfactants or polymers.® Yet, surprisingly,
systematic approaches to obtaining
this essential class of compounds from
lignocellulosic biomass in a waste-free
manner have not yet been realised.
Ammonia is produced on a large scale and
can even be obtained from renewables.
In principle, the shortest and most
sustainable route to amines would be the
direct coupling of ammaonia® with biomass-
derived alcohols and water as the only
by-product.’®** Lignocellulosic' biomass
and molecules derived therein, is already

‘abundant in alcohol moieties. Moreover,

carefully designed depolymerisation and
defunctionalisation  strategies  should
deliver specific alcohol functionalities in
platform chemicals.

Project aim

" The central aim of this project is to enable

chemical pathways for the production of
amines through alcohols from renewable
resources, preferably lignocellulose waste.
Two key scientific challenges are addressed:

a. The development of efficient
lignocellulose  processing  strategies
(upstream) by inventing new catalysts,
and methods to enable efficient cleavage/
depolymerisation reactions, maximising
the value gained from all chemically
different components of lignocellulose.

b. The development of new catalysts and
methods based on abundant metals,
for the atom-economic coupling of the
derived alcohol building blocks directly
with ammonia and for further coupling
reactions, in order to access value-added
amines that may find application in various
areas such as polymers, fine chemicals,
pharmaceuticals.

The extensive defunctionalisation of renewable
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