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Goals of today's Presentation

[ Short Presentation of Chair of Energy Systems
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H2 Living Lab — ChemDelta Bavaria
Integration of hydrogen based technologies into industry
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{ Proposed Two-Stage Process for Thermochemical ]

Recycling
Chemical potential — scope — research topics — progress
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Fuel analysis of a heterogeneous feedstock
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Chair of Energy Systems at TUM

(" )
« Head of Institute: Prof. Dr.-Ing. Hartmut Spliethoff

* Located near Munich at Campus Garching

% Scientific staff: ~ 40 Ph.D. students, 5 postdocs y
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(Motivation:
Defossilisation of the ChemDelta Bavaria and integration
of hydrogen technologies

Improving the utilization of available energy

~

J
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/Research focus:

Energy system analysis of the ChemDelta Bavaria
Power-to-X: Improvement of amine scrubbing
columns and

methanol synthesis reactor design

Development of rSOC and CO,-Electrolysis
Investigation on plasma gasification and rotary kiln

pyrolysis

~
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Germany: Potential Waste-to-X Streams TUT "L%{gﬁi,‘ﬁ‘;:;

Sewage Sludge - 2022 Plastic Waste - 2021 Waste Wood - 2016
1 energetic usage

" energetic usage

B material recycling

Il |andfilling/disp. ,

B agricultural usage
Il disposal unknown

> 1.33 Mt potential

7.9 Mt potential

3.6 Mt potential 79%

\ 1.7 Mt sewage sludge (dry basis) 5.6 Mt plastic waste 10.0 Mt waste wood ]

|

[ Substitution of fossil ] [Potential for chemical recycling of] [Synthesis of valuable]

carbon in circular economy heterogeneous feedstocks chemicals
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H2-Living Laboratory - Circular Economy
Container Setup Steam
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Current Status and Objectives
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Identified Feedstock: Municipal Solid Waste (MSW) Paper
B Glas
4 )
47 Mt MSW collected in Germany in 2021 ) o9 B Metal
620 kg/capita of MSW in Germany 2%0 6% 297 B Plastics
- : 0 / 10.2% | Composites
- 4% place in European Union 1.3%~ T Textiles
12.8% 8.5% = Wood
/Waste Separation System \ B Organics
0.2% 2.1% [ Hazardous Waste
I Sanitary Products

10.2% I Inert Material
" Fine Material

Glass f

Organic waste f
__ <> Paper/cardboard waste

‘Jﬁ Packaging/metal/plastics Electronics

& 6.2% M and others

{\ Residual waste j / 39.2% g \70/3.1 %

Household waste analysis in

Survey of household MSW composition in Munich, Munich - 2016
Germany (>1.4 Mio citizens)
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Sampling Process for Munich MSW Analysis 2023 N
ifficulty
v= 14 categories 6200 kg probe mass .
vz sampling in > 42 sub categories > 1 % of MSW per week Milling .and
,-7| different strata | "~~__ sampling
k// ; \\\\ T .
Suburban Residential Area | Res./Business Area Moisture Fuel
,,,,,,,,,,,,, — | Content F------ Analvs!
a—— > - nalysis
<70 units = > 70 units - Analysis
~6200 kg ~3 kg ~10 g
- -(Organics N
_Plastics ----1~
Composites
Paper

Fine Material
\_ "/
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Milling and Sampling
Organic
j‘> Cutting Mill (Retsch®) oo, Fuel
Thermomix® | Analysis

Sample D Cryogenic
Splitter Milling
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Preliminary Results for Organic Fraction and Further Steps

Ultimate Analysis

C (wt-%) (LS 42% 43%
H (W-%)\ .
6% EY S% VM 6% BIN
1

N (Wt-o/o) 1% % 1%
Cl (Wt-%)

O (Wt-%)

3%
1%

Ash (Wt-%)

Suburban Res. <70 Res.>70 Res./Bus. Average

S-content 0.1 wt-%

<+ 100%

[Similar elemental composition in spite of stratification

Preparation and analysis
of remaining fractions

U

Creation of model
feedstock based on data

U

Experimental investigation
» Syngas quality
» Heteroatom behavior
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Thank you very much!
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