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History: Department of Waste and Resource

* Foundation of the oldest university in Northern Europe Management
in the year 1419!

University of Rostock 2021

: : W
« 9 faculties with 13,000 students and 274 professors ManagZ?;Znt &

and 2,900 employees Technologies
* Around 1,550 foreign students from 60 countries

 Budget: 180 million € per year and 67 million € Third
Party Funding

* Environmental Engineering & Sciences is one R&D-
Priority some faculties, particularly in the Faculty of
Agricultural and Environmental Sciences

Bioenergy
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Executive Support Team

Biomasse[f):rust::::;ﬂentrum Coordinator for Innovation D B FZ' DeV el O Q m e n t :

Research Coordinator
* Foundation: 2008

Prof. Dr. mont. Michael Nelles . . . .
Coordinator for international affairs

Bioenergy Systems Biochemical Conversion Thermo-chemical Biorefineries ) Loca'“ on: Le| pZ |g
Department Department Conversion Department Department
Prof. Dr-Ing Daniela Thran Dr-Ing Jan Liebetrau Dr-Ing. Volker Lenz Dr-Ing. Franziska Muller-Langer

e Turnover: > 20 Mio. €/year

UFZ-Department UFZ-Work Group

Bioenergy - _MicAS* g Staﬁ:: > 200

System Analysis

e Invest: > 60 Mio. € in phase 2
(2017-2021)

Anaerobic Processes
Processes for chemical bioenergy sources and motor fuels
Intelligent biomass heating technologies

Catalytic emission control
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Systemic contribution of biomass
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J manoetmote - OUStaINable development worldwide

Climate-Neutral Society needs a 1002 Renewable Energy System &
a real Circular Economy!

© DBFZ 2020
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. Waste Management in Germany
Biomass in the German Energy System
Energy and resources from organic waste and residues in Germany

Solutions for the future - the Smart Bioenergy Concept
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Conclusion and Outlook

FACULTY OF AGRICULTURAL AND ENVIRONMENTAL SCIENCES |
DEPARTMENT OF WASTE AND RESOURCE MANAGEMENT



Universitat (|

Rostock

Y rawameas  Waste Management in Germany DBFZ

Extended producer

~ 50,000 First waste responsibility Landfill only for
landfills  management act  and separation at source treated material

Separate of organic at
source is must

Hallo, ich
bin die Neue...
e Kichan und Gadlonotfitle.

~HWE

www.ostprignitz-ruppin.de

Development of Waste Management in Germany

1
1

3

L

1950er 1972 1991 2005 2015

S —— Development and OptimiZation O

closed cycle management system
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Waste Management Hierarchy towards
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Circular Economy
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Reducing material flows

Designing products fit for circularity

Avoiding waste

Preparation for recycling

Recycling & disposal of
harmful wastes

Possible further
utilisation

Source:German Advisory Council on the
Environment (SRU) 2020
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(EU, federal ministry for the Environment ,
Environment ministries of federal states)

Administration and Management R{VIRIERTES!

l (Municipality or private company)

Collectionand | Pretreatment ™ Utilization —
Transport

Laws and Ordinances

Education and Qualification

(Environmental agency of the federal (Universities, Training Institutions, etc.)
states and accredited laboratories)
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mdatoetmoatic VVASTE treatment in Germany 2017

Input 409 Mio. Ton
inside Germany - - Waste Commercial
From that 27 Mio. MSW Mining industry and

Import

Hazardous waste industrial

Bulky waste

Bio and green
waste

Recyclables

3.8
15.4 163 (1 %) 47.9 6.6
(4 %5) (39 %) (11 %5) (2 25)
Mechanical- Chemical-
Biological Sorting & Pre biological Thermal physical
treatment treatment treatment treatment treatment

Source: Statusbericht der deutschen Kreislaufwirtschaft 2020
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s Tedieetimoste - Management in Germany 1990 -2020

Pollution impact

Mitigating effect

B Emissions of greenhouse gases in million tonnes CO,-equivalents

Waste landfilled after 2005 emits almost no climate-relevant greenhouse gases
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Source: IFEU Study 2010, Oko-Institute e. V.
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Waste Management in Germany
Biomass in the German Energy System
Energy and resources from organic waste and residues in Germany

Solutions for the future - the Smart Bioenergy Concept

a & W N F

Conclusion and Outlook
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the Circular Economy
Energy crops By-products & Residues Organic waste
& 2 5
5 | £ Z
% iy
% i;; g Bio-Tonne
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S

L Oil-containing Sugar  Starch<ontaining  Wood i
: - y ; Residual products :
Blomas§ biomass containing biomass biomass f‘;t:l:‘g g:::j‘: Waste biomass ;ﬂ;a;t;s
production (rape, soya, oil biomass (e.g. maize, cereal  (residual timber, straw o ' (excrement, (85 mbroalime)
palm, jatropha) (e.g. cane, beet) crops) willow poplar) ' biowaste) € 8
Biomass supply 0 ?
(logistics) P?or:;?ol:ié Processing +  Transport  Transshipment Storage
EL%T:rss?on Biochem. conversion Physical/chem. conversion Thermo-chem. conversion
Alcoholic  Anaerobic Compression  (Trans)ester- e Hydrothermal e ;
digestion  digestion Extraction ification Cocltleat g processes lefrsfcaton it
SOlidfuel  goethano) . BI0EaS/ | Vegetable ' Biodiesel o M | gomethane  BTL 1 Hyarom. 1O/
(e.g. pellets) Biomethane  o0il (VO) (FAME) (Hgvo JHEFA) / BioSNG ethanol) products fuéts
Distribution o Energy i
Storage  Distribution siveryito =p conversion/ RRlyAmater Electric power Heat / Cold

end-user incineration fuel)

© DBFZ, 2012
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DBFZ

9.6% Bioenergy
(biomass, biogenic
waste and liquid

15.9% biofuels)
Renewable

Energies

84.7%

Fossile fuels
(mineral oil, natural gas,
hard coal, lignite), others
and nuclear power 0.7% Geothermics

3.3% Wind energy

1.7% Solar energy

0.6% Hydropower

—0.6% Electricity exchange balance not plotted
Source: Working Group on Energy Balances (AG Energiebilanzen) "Energieverbrauch in Deutschland im Jahr 2021" Last update 2022-02-14
CC BY-NC-ND 4.0 DBFZ 2022
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Waste Management Germany
Biomass in the German Energy System
Energy from biogenic waste and residues in Germany

Solutions for the future - the Smart Bioenergy Concept

a & W b F

Conclusion and Outlook
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Resource base: Biogenic residues

In Germany

DBFZ

AVERAGE VALUES

Year 2015
Unit Mio.tTM
Biomasses 77

AGRICULTURAL
BY-PRODUCTS

FORESTRY BY-PRODUCTS

MUNICIPAL WASTE AND
SEWAGE SLUDGE

INDUSTRIAL RESIDUES

RESIDUES FROM
OTHER AREAS

1076

724

3568

T

THEORETICAL
BIOMASS POTENTIAL

238,4

22 0203 418

818

NOT DATA SITUATION
UNCLEAR

MOBILISABLE

126,1 0

BIOMASS POTENTIAL

7L

257

MOBILISABLE

30,6

USED

BIOMASS POTENTIAL

81,7

138

1.2

0.3

0.3
1.6

0.5
0.6
2.1

livmo S SeHs8_giy

MATERIAL

45,3

ENERGETIC

29,8

MATERIAL OR ENERGETIC

1,4

NOT DIFFERENTIABLE

51

G R

Source: Brosowski et al.: How to measure the impact of biogenic residues, wastes and by-products: Development of a

national resource monitoring based on the example of Germany, Biomass and Bioenergy, Volume 127, 2019
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!

DBFZ

Barbel selbst/pixelio.de

Peter Fenge/pixelio.de
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DBFZ

Cattle slurry
“ Pig sl
Untapped potential 9.1 ig slurry
= Cattle manure
M Pig manure
Current utilization . 4.6

Technical potential

et potential _ 18.9

0 5 10 15 20
Million t dry matter

® Chicken manure

Brosowski, A., Thrén, D., Mantau, U., Mahro, B., Erdmann, G_, Adler, P., Stinner, W., Reinhold, G, Hering, T., Blanke, C.: A review of
biomass potential and current utilisation - Status quo for 93 biogenic wastes and residues in Germany, Biomass and Bioenergy, 95, p.
257-272, D01 10.1016/j biombice 2016.10.017
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Biogas plants (2019): —9,100 plants
A

biogas production plants
[num ber]

= <3

® 3-5

® 6-15

. >15

biogas production plants 12/2018
database: DBFZ database, state 2020

0 30 60 120
klometers

© GeoBasis-DE/ BKG (2018); © Deutsche Post Direld GmbH
@ Deutsches Biomasseforschungszentrum gemeinnitzige GmbH, 2020

References: DBFZ Database biogas, state 6/2020, DBFZ 2020

~ 8,900 on-site electricity conversion
of biogas

~200 upgrading to biomethane
Installed electrical capacity
- 5,9 GW,

Gross electricity production
> 31,9 TWh,

Heat supply @

> 19,3 TWh,,

FACULTY OF AGRICULTURAL AND ENVIRONMENTAL SCIENCES | 20
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DBFZ

Biowaste worldwide in Europe and Germany
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= waste worldwide
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GHG-emissions from food loss and DBFZ

If Food Loss and Waste Were its own Country,
it Would Be the Third-Largest Greenhouse Gas Emitter

10.7

5.8
4.4
2.9
2.3
;
) s
China United States Food loss India Russia
and waste
GT COZE (2011/12)*

* Figures reflect all six anthropogenic greenhouse gas emissions, including those from land use, land-use change, and forestry (LULUCF). Country data is for 2012
while the food loss and waste data is for 2011 (the most recent data available). To avoid double counting, the food loss and waste emissions figure should not be
added to the country figures.

Source: CAIT. 2015; FAQ. 2015. Food wastage footprint & climate change. Rome: FAQ.
WORLD RESOURCES INSTITUTE

Greenhouse Gas Emissions from Food Loss and Waste
Approach the Levels from Road Transport

10.0%
8.2%
3.3%
1.4%
S "
Aviation Iron and steel Food loss Road
and waste transport

SHARE OF GLOBAL GREENHOUSE GAS EMISSIONS (2011/12)*

* Sector data is for 2012 while the food loss and waste data is for 2011 (the most recent available). Since the food loss and waste data combines emissions from
various lifecycle stages of the food that is ultimately lost or wasted (e.qg., road transport, landfills), the food loss and waste figure should not be added to the sector
figures in order to avoid double counting.

Source: International Energy Agency (IEA). 2014. CO, Emissions from Fuel Combustion (2014 edition). Paris: OECD/IEA; WRAP. 2014.
Strategies to achieve economic and environmental gains by reducing food waste.

232|hury. UK: WRAP; FAD. 2015. Food wastage footprint & climate change. Rome: FAQ. WORLD RESOURCES INSTITUTE
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Bio-waste in a
circular economy

EEA Report No 04/2020 - Bio-waste in Europe
- turning challenges into opportunities

European Environment Agency gﬂg}

Minimise

EXTRACTION AND IMPORT OF NATURAL
RESOURCES, INCLUDING ENERGY CARRIERS

INCINERATION

LANDFILL

DBFZ

23
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Bio-Waste collected in EU*(2020) DBFZ
[kg per capita]
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. > 166 kg/ca/a

. >91 =166 kg/ca/a

52 <91 kg/ca/a
M- g Challenge for Europe:

r

. <52 kg/ca/a ﬁ

The share of the separate
collection of biowaste in Europe

was around 50% in 2020!

Portugal

ECN data report 2022

24
Sources: ECN & EEA data. Excludes derived estimates
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Residual waste Paper and Lightweight packaging
cardboard waste made from
Organic waste plastic, aluminium, tin
(kitchen & green and compounds
waste) materials

Source: Nassour
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Universitat (| ) Importance of separate collection of DBFZ
Rostock ‘..t _
. biowaste
—» Reduction of waste amounts for disposal
Reduction of waste ( -
—> —®» Less use of landfill area
amounts S J
—» Longer life span for landfills
Reduction of the biog. _’, Lower landfillgas emissions |
fraction in waste (
Segregated ¢ —» Lower leachate amounts
collection Reduction of the water r - - )
. —» Improvement of the sorting quality for waste
_ contentin waste / . J
—» Increase the calorific value of waste
—br C ting: t duct
biog. fraction suitable  -OMPOSTNE: compost produc J
for treatment and use ( - - )
—» AD: Biogas and Compost/digestate
Nassour
FACULTY OF AGRICULTURAL AND ENVIRONMENTAL SCIENCES | 57
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S edieetimoste Bigywaste — treatment Options in Germany

DBFZ

organic wastes
l \ 4
Ani M Lan ing
Anaerobic W < Compostin
digestion sink P 8
Incineration [« Backyard < | Mechanical-
composting biological treatment

Source: Morscheck

26.01.2023
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process into the waste treatment concept

Integration of the anaerobe fermentation PBFZ

material flow
separation

biomass-
power plant

garden and
park waste

org. waste fermentation : composting

4

Source: Kern 2008 biogas compost electricity / heat
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Input in 2018 [Mill. Mg]

18 I ‘
16

14

12

10

2,40

A

1990 .. 1993 .. 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

47 % of the composting plants treat only green waste
« 53% of plants treat a mix of separately collected biowaste and green waste
destatis, 2020

FACULTY OF AGRICULTURAL AND ENVIRONMENTAL SCIENCES |
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Compost - Marketing Structure
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RO StOCk J Traditio et Innovatio Germ any 2017
3.9 mill. tons of compost
° ()
377 21% 46,49
60,7% 2,2%
7,4%
7,6%
® Soil manufactory m Profigardening
= Hobbygardening ® Landscaping/Recultivation
= Agriculture Specific crops
Others | Agricuiure
" Bundesgitegemeinschaft S
- Komposte.V.
FACULTY OF AGRICULTURAL AND ENVIRONMENTAL SCIENCES | -
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Bl Agriculture and forestry (including
horticulture, perennial crops, viniculture,
hop cultivation, etc.)

Landscaping and management,
other purposes

Source: Federal Statistical Office, 2017
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Threshold values in the biowaste
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Unl\é%g?:l(‘)t?ig \\ ; ";;‘: Traditio et Innovatio Ord Inance (BIOAbfV) and In the D B F z
fertilizer ordinance (DUMV)

 Tresholdvalues |

- Compost according DuMV and BioAbfV  Product quality of

20 tons DM per ha 30 tons DM per ha compost Germany
within 3 years within 3 years 2013;n=2834)

40 40

150 100 33.97

15 1.0 0.42

100 70 23.5

20 2.0

| Nickel(N) TG 50 35 14.7

1.0 07 0.11

1.0 10

100 70 423

| Zink@n) | 400 300 173

0.1 0.1

ngl kg DM 30 30 Bundesgiitegemeinschaft

and dI-PCB (WHO-TEQ) Kompost e.V. (BGK)
FACULTY OF AGRICULTURAL AND ENVIRONMENTAL SCIENCES | 33
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¢ Traditio et Innovatio Quality requirements for compost

TE— » Max. 0.5 weight-% in DM selectable, species-inappropriate material > 2mm diameter
(lirﬁit valiies) > Total surface area of impurities < 25 cm?/1 FM (if more impurities than 0.1 weight-% DM were found)
- > Stones>10mm: max. 5 weight-% in DM

Impurities were sorted out of a 1
liter digestate test sample

& )\ y "l\\._..---‘ :'.- \ ]
o ‘ Et ¢ production of good-looking
¥ ~_ & * b ) compost and digestate is an
S, & -3 ' essential task of composting and
\ g ( y © . :
2 | e digestion plants
LW \ ‘
¢ SECY Y. ¢ ¢

Bundesgutegemeinschaft
Kompost e.V. (BGK)

FACULTY OF AGRICULTURAL AND ENVIRONMENTAL SCIENCES | 34
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By e ol
Frindet

!

DBFZ

Residual Waste in Europe and Germany
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MSW in European Union
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Rostock

Municipal waste treatment, EU, 1995-2020
(kg per capita)

290
200
450
400
350
300
250
200
130
100
20

0

1995
1996
1997
1998
1999
2001
2002
2003
2004

b 2005
2006
2008
2009
2010
2011
2012
2013

Q 2014
2015
2016
2017
2018
2019
2020

aterial Recycling m Incineration = Composting

Mote: estimated by Eurostat.
Source: Eurostat (online data code: env_wasmun)

eurostati&
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Organic waste in Germany and the DBFZ
Netherlands 2019 and 2020
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Germany [% weight] Netherland [kg/cap.year]

= Native-organic waste
89 = Wood/Cork 100 N
3,9
6,3 ' 69
0,5 4 = Synthetic material 58
\ = Metal 50 43
13,5 39,3 = Glass for recycling
= \Waste paper
/ \ = Hygiene product 25 17 15
5,2 / \ = Harmful substance . .
4.6 m Fine waste (0-10mm) 0
2,0
6,7

Composite material 75

= Old textiles
- |ntert ma.terial Organic in biowaste bin organic in residual waste bin

NN = Other refuse

7 433
B Total ®m Food m Green waste

Composition of residual waste in Germany Collection of organic waste in the Netherland

FACULTY OF AGRICULTURAL AND ENVIRONMENTAL SCIENCES |

DEPARTMENT OF WASTE AND RESOURCE MANAGEMENT 27



Treatment of residual waste In

Universitat [ - DBFZ
Rostock Nl Traditio et Innovatio
- Germany
Landfilling Storage
prohibited Maintenance for landfill gas and
until 2005 leachate. How many years are the
needed maintenance?
- Mechanical Material for recycling
Residual - Biological SRF for energy recovery
Waste Treatment
(MBT) Biological inert material
for landfilling
Energy
Incineration
(WIP) Material for recycling
Inert material for
landfilling or utilization
for road construction
FACULTY OF AGRICULTURAL AND ENVIRONMENTAL SCIENCES | -
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Waste Management in Europe and Germany
Biomass in the German Energy System
Energy from and resources from organic waste and residues in Germany

Solutions for the future - the Smart Bioenergy Concept

a K W D F

Conclusion and Outlook

FACULTY OF AGRICULTURAL AND ENVIRONMENTAL SCIENCES |
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Biomass - a limited resource

DBFZ

BIOMASS
Renewable
Resource

FACULTY OF AGRICULTURAL AND ENVIRONMENTAL SCIENCES |
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7 Tradito et Inovatio DBFZ — ,,Smart Bioenergy Concept*

DBFZ

© DBFZ 2020
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Biobased products and energy fuels DBFZ
— targets and sectors

P
JEk
L;;]\ | %)

Traditio et Innovatio

Chemistry/
Engineering pharm.
industry

I Se ctors  agriculture  Processing
Targ et and forestry industry

Energy Waste
sector management

Climate
protection

Security of
supply

Quelle: Martin Dotzaver/DBFZ

Innovation

Rural
development

Quelie: chtkunst 73_pixelio.de

Quelle: Heike._pixeiio.de

Biobased
Knowledge

Biodiversity

Quedie: Didi01 / pixedio de

Quele: Margot Kessier_pixelio.de

Quelle: H.0 Volz_pixefio de

FACULTY OF AGRICULTURAL AND ENVIRONMENTAL SCIENCES |
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ROSTOCK s o timovati Bioeconomy-Cluster in Germany
__Wood M Chemicals __Energy
Harvesting, logistics Production of basic Polymers, materials Energetic utilization,
and manufacturing, chemicals from non- und products from optimization in the
innovative food biomass biomass overall context of the
construction cascading value-

added chain
Management of the Bioeconom Education for the Bioeconom
Cluster Management, logistics, Academical education,
governance und organisation, advanced training for professionals
management of innovations and marketing retention of skilled workers
FACULTY OF AGRICULTURAL AND ENVIRONMENTAL SCIENCES | 43
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DBFZ
Examples of biobased products

Bikler: DBF Z/Bioeconomy e

,Tragende Saulen” from

Moulded-Wood - - Bio-Foams

Bio-WPC Casting

ioener _'y

Adhesives from
,Lignin ' 4

L i" =

FACULTY OF AGRICULTURAL AND ENVIRONMENTAL SCIENCES | a4
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i Gren il DBFZ
ROSTOCK sl madiioetmovate Bioeconomy-Cluster in Germany
1 Cascade Utilisation
Classical materials chain GIEDEUTE
products
g = i Bio-based
o2 B Olefins products
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Biomass Digester CHPU Feed-in

biogas technology today:
— energy (electricity, heat, fuel)

A
— .;@ — material utilization (fertilizer)

Fertiliser Decanter

© DBFZ: Maria Braune, Bjorn Schinkel; UFZ: Heike Strauber
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biogas plants in the future are bio-refineries

Biomass Digester CHPU Feed-in

l — e — il} —

Fertiliser Decanter Extraction Chemical
industry

© DBFZ: Maria Braune, Bjorn Schinkel; UFZ: Heike Strauber
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e Long term vision (2050): the global Energy System is based on 100 %
renewable energy and the bio based economy is well developed in a climate
neutral society worldwide!

« Sustainable utilization of biomass, particularly organic waste an residues
are key elements in the energy system and bio based economy of the future

« The waste segregation at the source is a key element to achieve high
biowaste recycling rates and a good quality of the compost and/or digestate

« Germany is on track to implement in long term a sustainable Circular Economy
and Energy System, but there is a long way to go!

 The successful international cooperation is one important base to design the
future in this field!
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DBFZ

Prof. Dr. mont. Michael Nelles

michael.nelles@uni-rostock.de michael.nelles@dbfz.de

Director Scientific Manager

Department Waste & Resource Management Deutsches Biomasseforschungszentrum
and China-Coordinator of the University of  (DBFZ) in Leipzig, the Centre for Biomass
Rostock, Germany Research in Germany

Homepage: www.auf.uni-rostock.de/aw Homepage: www.dbfz.de
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