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News from politics

Building energy law (Gebaudeenergiegesetz) passed on Sept 08, 2023; effective on Jan 01, 2024
* New buildings must reach a share of 65 % renewable energies
e Options for technological fulfillment:

Connection to heat grid, electrical heat pump, direct electrical heating, solarthermics

Biomass heating, utilization of blue or green hydrogen

Gas heating is allowed, but must be convertible to hydrogen

Heating with solid biomass — requirements on buffer tanks, combination with solar, fine particle filter
are omittet

Heat pump-hybrid heating

e Advisory is mandatory
e Funding: single familiy houses up to 30 k€; if income < 40 k€ additional bonus of 30 %; bonus for fast

realization 20 %

Declaration of intent for partnership in energy and climate between State of Baden-Wiirttemberg and

Andalusia in beginning of October 2023:

e Energy sector: focus on green hydrogen or MeOH applying wind and solar energy

e R&D regarding hydrogen, renewable energies, electro mobility, production of renewable fuels,
decarbonization of industrial processes (based on wind and solar energy)
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Gasification in Germany ..

R&D
m Industry small scale
Industry large scale

LiPRO Energie GmbH&Co.KG

Frauenhofer-Institut IFF

Deutsches
Biomasseforschungszentrum DBFZ

CUTEC TU Clausthal-Zellerfeld

thyssenkrupp Industrial Solutions AG
TU Freiberg

TU Dresden
Frauenhofer-Institut UMSICHT

Hochschule Zittau/

/ Gorlitz

OTH Amberg-Weiden Burkhardt GmbH

RWE

RWTH Aachen TEER

Biotech Energietechnik GmbH

REGAWATT GmbH

Air Liquide E&C

Spanner Re? GmbH

TU Darmstadt, Energiesysteme
und -technik

Holzenergie Wegscheid GmbH

Karlsruhe Institute of Technology

Technical University of Munich

Uni Stuttgart IFK Stadtwerke Rosenheim GmbH

FAU Chair of Energy Process

@ IEA PLAGAZI KOPF SynGas | | ecoloop Engineering o
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Industry Activities - RWE Phosphorus from Sewage Sludge

MFC (Multi Fuel Conversion) within ITZ-CC (Virtuelles
Innovations- und Technologiezentrum Carbon Conversion)

Pilot plant in NiederauBem Gatocksmtar

Atmospheric entrained flow gasifier (max. 850 kW,,,)
Three-component fuel mixing, refractory lining, dip quench, liquid ash discharge

Klarschlamm

-7y

Multi-Fuel-Conversion-Anlage (MFC)

Eintrags- Sauverstoff Phosphor-
schleuse

—

Fuels: Sewage sludge, sewage sludge ash, lignite (ca. 130 kg/h, max 800 kW,, ), hard coalll M 15 g s b

Temperature ~1,500 °C

Objective: Prove recovery of phosphorus from sewage sludge / sewage sludge ash
Erection in 2020, funding provided by State of North Rhine Westphalia (Ministry of
Economics);

Total project budget (incl. cost for plant operation): 6.7 Mio. €

Partners: Fraunhofer UMSICHT, Ruhr Universitat Bochum

Perspective: Waste gasification

Update MFC plant October 2023 = no news since April 2023:

- Max. duration of operation limited to 4 h (generally 1 to 1.5 h) before break-
down of pneumatic conveying due to problems with pneumatic conveying of
lignite powder, which could not be fluidized properly

- Pneumatic conveying with hard coal improved

- Project ITZ-CC will be finished end of May 2023

- Further tests will be carried out in 2024

IEA
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Source: RWE; https://www.group.rwe/presse/rwe-power/2019-08-01-neue-
versuchsanlage-gewinnt-lebenswichtigen-rohstoff-phosphor-aus-klaerschlamm-

zuruck

www.ieabioenergy.com
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Industry activities - Plagazi (Germany: Handelsvertretung Bock)

Waste Transformation Technology
*  Optimized plasma gasification
* Intellectual property covered by both and foreign

Syngas Use
*  Produces ultra-clean syngas for use in downstream conversion technologies
*  Negative raw materials cost advantage

Environmental Benefits

*  Close to 100% recycling of organics

*  Mesisorexceeds US EPA requirements

* Mo potentially hazardous ash, dioxins, furans, or other pollutants

Other Benefits

*  Cost competitive with landfill disposal

* Reducestransportation, insurance & environmental costs and liabilities
*  Extends life of landfills

Benefits in developing PEM projects
* Standard modular design
*  Flexibility to process a variety of heterogeneous waste streams

patent inworld markets Update October 2023
Neue Energie Premnitz: Company foundation for construction of the new plant; after

* Paositive net energy balance for conversion of most
targeted waste streams =

@ IEA
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permission of the GmbH, start of approval process

Plagazi AB and Korn Receycling agreed to conduct a pre-study for construction of a Plagazi

waste to hydrogen plant
CH: several feasibility studies running

Problems from the point of view of the German representative of Plagazi:

long duration of approval processes in Germany

politics does not see the possibilities to produce H2 from waste in Germany (example:
declaration of intent between Baden-Wiurttemberg and Andalusia regarding installation of

a European H2-net)

www.ieabioenergy.com




Industry Activities - Blue Energy CHP

Up date 2022
Blue Energy Europe Holzgas-Heizkraftwerk Senden

Wood gas cogeneration plant to be converted
into an advanced bio-energy park

Future Products:

- Heat and Power
- Bio-oil

- Hydrogen

Status April 2023 = no new information in Oct. 2023

- Plant out of operation due to lack of approval from
licensing authority

- Wood oil was initially classified by the authorities as
waste, approval according to waste law demanded

- Currently: Submission of new permit application outside
waste regime

- Still no progress in 04-2023

Source: BlueEnergy: https://blue-energy-group.de/bioenergiepark-senden/

IEA
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Unsere Geschaftsbereiche

Betrieb von Vertrieb von yduktion & Ve =\s
Oko-Kraftwerken Oko-Kraftwrken von Oko-Brennstoffen

o : : O Herstellung und Vertrieb von Oko- O Herstellung von Oko-Brennstoffen fir
Constructlt?n and operation of Kraftwerken im Bereich der Kraft- die Verwendung in eigenen Kraftwerken
power stations (CHP) : Warme-Kopplung KWK und zum Verkauf an Dritte
o . O Einsatz gunstiger und regional O Versorgungssicherheit der Kraftwerke
o Utilization of regional verfugbarer Rohstoffe aus eigener
feedstock from own Produktion
roduction
P O Erreichung der hdchsten Wirkungsgrade
(0] .
Low energy cost at high
availability
. T . . -> Production and distribution of
-> Operation and distribution of ecological power stations .
ecological feedstock
BLUE ENERGY GROUP
AKTIENGESELLSCHAFT
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Die Thermochemische Gaserzeugung

Wood gasification

Klassische Methode Blue Energy
Holzverbrennung Holzvergasung

-A“‘“Rn-._,hﬁ__ Oxidation
(Verbrennung)
. 1

—— Holz-Produkt-Gas
(aus Pyrolyse und Vergasung)

Kohlevergasung s
(Reduktion der Kohle)

Pyrolyse |
(Verkohlung) J

Blue Energy Group BLUE ENERGY GROUP
Folie 8 - AKTIENGESELLSCHAFT



Die Reaktionen im Gaserzeuger

verholzte
Biomasse

sa. 100L°C

@ Der Prozess der Vergasung

Am Beispiel eines
Festbett-Gleichstromvergasers

Schritt 1 - Trocknung

Die Warme treibt die Restfeuchte

als Wasserdampl aus und bricht
das Holz auf

Schritt 2 - Pyrolyse/Entgasung
rerlegt das Holz in Dample, Gase
L Koks: dabei ist Teer ein
typescher Dampdanteil

Schritt 3 - Oxydation

liefert durch Teilverbrennung die
Wandlungsenergie und bildet die
wernige Asche

Schritt 4 - Vergasung

rerlegt die Dample, die Gase und
den Koks in ein brennbares
Rohgas

Schritt 5 - Gasreinigung

Befreit das Rohgas von Rickstan
denund kihit es

Thermochemical gasification

Heating up of the feedstock in the gas
production unit, conversion at 200 — 500°C
to water vapor, volatiles and gases +
formation of char.

Partial oxidation with minimum of air.
Gasification of the char at temperatures of
900-1000 °C

Product = burnable raw gas consisting of
CO, H2, CH4, CO2 and N2.

BLUE ENERGY GROUP
AKTIENGESELLSCHAFT



Referenzprojekt: HolzGasAnlage Senden

Blue Energy Group BLUE ENERGYGROUP
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So erreichen Sie uns

Nehmen Sie gerne Kontakt mit mir auf:

Blue Energy Group AG
Dr.-Ing. Christian GrofR3
Daimlerstralie 31

89250 Senden

Tel.: +49 7307 20 19 2-24
Mobil: +49 173 753 2462

E-Mail: cg@blue-energy-group.de

Web: www.blue-energy-group.de

Blue Energy Europe BLUE ENERGYGROUP
Folie 11 AKTIENGESELLSCHAFT



Industry Activities - Sulzle Kopf Syngas

Prozessdetails . KOPF
Flielbild zweistufige Gaserzeugung ‘f | SynGas

A) Thermolyse

B) Wirbelschicht
C) Zyklon

D) Luftverwarmer
E) HeiRgasfilter

F) Venturi

G) Waéschergruppe
H) Hg-Filter

1) H,S Filter

J) Polizeifilter

K) BHKW

L) Faulgasbrenner
M) Not TNV

N

) Warmeauskopplung

Fluidized Bed Gasifier for Sewage Sludge with CHP via Gas Engine
Commercial plant for Sewage Sludge in Koblenz

- 525 kW heat

- 440 kW power

Status April 2023 = no new information in Oct 2023:

After Buy Off plant in batch operation.

Contractual relationship:

Stadtentwasserung is owner of the plant

Kopf SynGas responsible for maintenance, service
and plant operation with own personnel
Deficiency of precipitant as consequence of Ukraine
crisis and generally reduced amount of sewage
sludge lead to deficiency of fuel and discontinuous
operation.

Plant shall be adapted for acceptance of external
sewage sludge to meet with the fuel deficiency




\‘
-
Research activities - TU Freiberg, Institute of Energy Process Engineering and

Chemical Engineering

e Chemical recycling:
pyrolysis and gasification of carbon-containing waste

 Hydrogen production via electrothermal or thermochemical conversion processes
—> gasification of biogenic waste and residual materials with subsequent maximization of the H, yield

* P-recovery: co-gasification of sewage sludge and coal

 Plasma integration in partial oxidation process

e FlexiSlag: fixed bed slagging gasifier — waste, solid feedstock, 10 kW, 40 bar

* Plasma Gasification: Entrained flow gasification, DC plasma torch, fuel gas = steam

IEA
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Research activities - TU Darmstadt, Energy Systems and Technology

e Research field “Gasification & Innovative Energy Conversion Processes”
— deals with flexible processes allowing for the production of electricity and chemicals
—> on the basis of renewable raw materials (biomass or municipal waste).

* Projects:
e HTW gasification of residual biomass:

waste wood and sewage sludge to SAF

RDF for chemical recycling
Bubbling fluidized bed, T = 650 — 750 °C, post gasification in free board, T = 800 — 900 °C

Gasification medium: oxygen + steam d;p’f;;;"a”._ﬁ h——;::;:;:;;‘::n
e CLARA: Chemical looping gasification for sustainable production of bio-fuels

torrefied biomass (straw) to FT biofuels S| |¢S

1 MW, pilot plant B B
Feed screw < Loop Loop . Feed screw
oxygen carrier — Seal Seal — biomass

VaVaVaVa MeO | /AVAVAVAN
Me O

L ] 1 ]
Fluidization f oxygen carrier { Gasification
medium air transport controlled agent

by L-valve/Cone valve :.te:;m-nfl.joz

https://clara-h2020.eu/

IEA
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Research activities - TU Munich, Chair of Energy Systems

International Future Lab REDEFINE H2E

* Focus on research into novel technologies and associated systemic aspects for the
production of green hydrogen using
* Reversible high-temperature electrolysis (rSOC)
* Innovative gasification (e-Gas)
e Bio-catalytic synthesis of basic chemicals and energy carriers (bio-Cat)
 Framed by elaborate system-level aspects investigations (SLAM)

H,0 + CO, Replace oxygen with H,0 (+CO,) as plasma gas
biogas, etc.
Objectives:

* Provide data and knowledge for design and
optimization of plasma-assisted gasification

* How do biomass particles convert when entrained in a
Gasification Syngas -> plasma stream?

- 'Biomass'

Pretreatment
e.g. grinding, drying (H,/CO<1)

e Provide robust experimental data for validation of CFD

(1000-1400 °C for simulation
entrained flow)

@ |EA Source: K. Umeki, Conversion of Pulverized Biomass in Plasma; Presentation at 11th International Freiberg Conference, 24-29 Sept 2023, Rotterdam
= Bioenergy 15 www.ieabioenergy.com



Research activities - KIT ITC - HP-EFG

Status October 2023
e Repair of cooling screen mouth after blockage
in test campaign March 2023

Outlook

e Burner development for waste-based pyrolysis oil

e First tests with tyre pyrolysis oil planned in 2024

— Characterization of fuel conversion and flame structure

Slagging high-pressure entrained flow gasifier
® pPcacior = 40/ 80 bar (abs)

® P, =5MW

® Mrye1max = 1000 kg/h (liquid and suspension fuels)

® Njigmax = 1000 mPa s

® Gasification medium: O, / steam

® Optical access to flame zone

IEA
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Thanks for your attention!
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