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EXECUTIVE S|

Climate protection is one of the political priorities of the European Union. In December 2019, EU
leaders committed to the goal of climate neutrality by 2050. The European Commission's Green Deal
sets a target to reduce greenhouse gas emissions from 40% to 55% by 2030 and is included in the
12 legislative proposals of the 'Fit for 55" package. This goal, like the one set out in the Paris Agreement
at COP21, to limit global temperature increase to "well below 2 degrees Celsius compared to pre-
industrial levels”, requires deep decarbonization and a commitment to a circular economy.

The United Nations Industrial Development Organization (UNIDO) describes the circular economy as
"a new way of creating value, and ultimately prosperity, through extending product lifespan and
relocating waste from the end of the supply chain to the beginning — in effect, using resources more
efficiently by using them more than once.” Sustainable gasification turns out to be one of the
technologies that can fulfil those requirements. With first applications starting in the 18th century,
the industry sits on a robust background that is increasingly transferred onto modern and clean
applications. By offering other ways of valuing solid waste biomass and other resources than applying
direct heat through combustion, gasification is increasingly recognized as a complementary solution
to meet the challenges we are increasingly facing in the energy transition. Syngas resulting from the
gasification process, is the raw mixture of chemical elements that contains and can generate a large
spectrum of low carbon or renewable final products: gaseous fuels (methane, hydrogen, ammonia),
liquid fuels (Fischer-Tropsch, mixed alcohols, methanol / DME) and direct conversion into heat
and/or power.

Today's applications are implemented from tailormade and commercial solutions including small to
medium scale Combined Heat and Power, large scale co-firing and a number of plants producing
fuels and chemicals. The rationale is either to produce bioenergy with negative, no or low impact on
greenhouse gas emissions or to operate infrastructure with a more efficient waste-to-energy
solution as opposed to the existing older widespread methods. With the rapid development of and
changes within the gasification sector, we expect projects to be operating at even higher efficiency,
lower emissions profiles and lower costs in the near future. Additionally, when using a sustainable
woody biomass, the by-product of biochar or CO2 provides an extra and unique benefit from
gasification as a net Negative Emission Technology (NET).

Gasification is a highly promising and already commercialised technology - one that is
ready to scale-up. It has many benefits to our planet:

a low greenhouse gas and a low or no toxic emissions profile

high energy efficiency

versatility to create valuable, cleaner applications from many types of solid fuels
operates as a circular economic model

allows development of net negative value chains

=A =2 =4 -9 A

Its success and ability to scale to become the waste-to-energy/fuel method of choice depends on
the levels and type of political, policy, economic and commercial support, in order to reduce costs
and raise awareness of its strong potential to accelerate the net-zero responsibilities of the waste,
energy and fuels markets.
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CHAPTER 1: FUNDAMENTALS
GASIFICATION?

Gasification, or — more precisely thermochemical gasification - is capable of converting dry, organic
solid substances like ligno-cellulosic biomass (including plants, crops and wood), waste or coal at
elevated temperatures and with a controlled deficiency of oxygen and/or steam into a hydrogen-
and carbon monoxide-containing gas (called 'syngas’, ‘producer gas' or ‘wood gas’) and - depending
on technology - also char (called ‘biochar’ when using biogenic raw materials). Aside from
gasification, other existing technologies that produce usable gases from organic material include:

9 Biogas produced from anaerobic digestion, liquid and/or wet biodegradable biomass is
converted into a methane-containing gas at low temperatures with the help of
microorganisms.

1 Two other thermochemical processes can convert wet biomass into hydrogen-containing
gas: hydrothermal carbonization (HTC) and supercritical water gasification (SCWG).

This Whitepaper deals exclusively with thermochemical gasification of dry, solid biomass and waste
into syngas and (bio-)char.

1.1. Brief historical background

The history of solid fuel gasification (wood and coal) starts in the late 18th century. The syngas was
mainly used as a burning gas for direct heat use or the use in steam engines. With the further
development of the chemical industry in the 19th century, the hydrogen-rich gas became interesting
for several synthesis processes (e.g. producing ammonia and liquid fuels). In the beginning of the
20th century, most developed cities established gas distribution networks which were operated with
syngas produced from coal or wood. The automotive sector started to develop wood gas operated
vehicles, which were very common in the time of the second world war due to the lack of liquid fuels.
Coal gasification had the next renaissance in the 1970s as a consequence of the oil crisis. In this time,
the technology was used for power production as well as for the production of liquid fuels by means
of Fischer-Tropsch synthesis. With decreasing prices for liquid and gaseous fossil fuels, the
importance of gasification technologies faded at that time.

Today, gasification uses renewable raw materials to close the CO2 cycle at high efficiency with no
toxic emissions or pollutants resulting in. If, additionally, enough biochar is produced in the process
from biomass waste and is used for soil remediation, modern biomass gasification plants can be
defined as a carbon sink.
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