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Biogas Technologies may contribute to

v I N

Reduction of diff.us_e Qeneration of eco- Humus re-production,
greenhouse-gas emissions fnenc.zll.y energy (heat, oroduction of fertilizers,
from dumpmg sites and electricity) and bio-fuel and other chemicals,

landfills (methane) recovery of valuables

o ”
out” due to
Corn, sunflower,

— Biogas Crops — —* competition with

wheat, rye, etc. _
food production
Typical input Cor.nmerual ’ _
material —— Biowaste — agricultural and — Highly accepted
(“substrate” municipal biowaste
“feedstock”) Municipal waste, . Promising but

B Mixed waste = landscaping waste challenging

CO,, H, —— Inorganic Gases —> Under development
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Methane yield of different waste fractions
(the same amount of methane is produced either in landfills or in fermenters!)

Methane yield, CO,- equivalent, energy-equivalent,
Type of waste inm3/MgVsS inMg/MgVs inkWh /tVS
Municipal Solid Waste, 60 % Biowaste 150 - 280 2.2-4.1 1,500 - 2,800
Market waste 275 - 420 4.1-6.2 2,750 - 4,200
Food waste 250 - 580 3.7-8.5 2,500 - 5,800
Waste from oil and fat separators 520-1,100 7.6 -16.2 5,200 - 11,000
Slaughter waste 400 - 1,200 5.9-17.6 4,000 - 12,000

Consider:

The concentration of Volatile Substance (=organic dry mass) amounts often from 8-33 %
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Characterization of common biowaste

e

Food production,
food processing

Food preparation
waste

Post-consumer
waste

Expired food

Mostly “fresh” material: High water content, low VS (=oDM)!
High to medium biodegradability

Low biogas yield due to high water content (!)

Large particle size, shredding is necessary

Separate Collection is possible

Medium concentration of impurities

—

YVVV|VVVVYVYY

Waste water (washing, cleaning) with very low VS

May contain non-biodegradable dirt, sand etc.

Solid residues from processing with medium to high VS(with
inhibitors?) and high (very high) biogas yield

—

Y YV V

Mostly solid, pasty waste with medium VS

With some impurities (sand, dirt, packaging materials)
Medium to high biogas yield due do higher concentrations of
oil/fat, hydrocarbons, proteins

Often mixed with other MSW (!), separate collection is strongly
recommended

May contain preservatives and other food additives

—

Removal of packing materials (plastic, paper, carton, aluminium)
necessary

Medium to high VS, but may contain preservatives and additives
High biogas yield
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Biodegradability Substrate, organic waste constituent

Proteins
J (Keratins)

Non biodegradable Plastic, glass, metals,
ceramics etc.

Poor biodegradability

Cellulose

Medium
biodegradability

Hemi-

Cellulose
Good / very good
biodegradability

Excellent Protgins |
biodegradability (Mucms)

The biodegradability determines the process intensity (e.g. degradation rate) but not the
biogas yield. In other words: The higher the biodegradability, the faster the degradation of
the substance. Oil and fat are high-yielding!
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Problems arising from

Technological and other consequences

High biodegradability of
biowaste constituents

» aerobic or anagrobic biodegration of biowaste starts immediately
after waste ¢ Log- mand cannot be stopped

> Biodegradation rome eterm- at higher temperatures

> Easily biodegradable conStee&dls Offjps S within a few days
completely Cle

nCy
> Thus, immediate collection, transportation affé®igestion without
intermediate storage is necessary to obtain a high biogas yield

High moisture content
of biowaste

water as result of

hydrolysis. This wateras o ubstances and
organic acigSed :

> Therefore, containers, trucks) must be tight
to avoid po water needs treatment (digester!) .

Residues of the biogas
process

L ast after-
treatment (drying, separation, rotting etc. Impossible

» Drying and separation before landfilling or incineration is
recommended
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High solid fermentation for “biogas from waste”
Examples of technologies
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Wording

What is a ,,stage”, what is a ,phase” in biogas technology?

Stage:

Individual and separate reactor (fermenter) for the conversion of feedstock or intermediate
Products of the fermentation.

Single stage biogas plants:

All biochemical conversions take place in parallel with resne~’
Multi-stage biogas plants : rage s\ -
The individual steps of bioconversions t-' u\‘t'\?\e > '

rage sySY . tors in a
defined sequence. Most com~ A LW “\f\p\e‘? « hydrolysis” stage and a
o H V24 u
methanation” stac- e WY

e“Ce.‘ ase s\S can
Phase: \:)o\lb\e‘p“ase S\steﬁ‘s
It character sxr\%\e'p\preferably) hydraulic properties of the feedstock and
intermediate products. Pumpable material is called “liquid phase”, non-pumpable
materials or bulk solids belong to the “solid phase”.
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Type

Phases and stages

Brandenburg
U University of Technology
Cottbus - Senftenberg

Representative
technologies

Fully homogenized

Single phase, single-

BTA, AAT, Strabag, AAB, Arrowbio,
Entec, Envirotec, Envitec,

fermenter or double stage Schubio, AMB Haase, Biostab,
Preseco etc.

Perkolation Double phase; BEKON, Bioferm, Loock TNS,

technology single- oder double Biocel, Biopercolat,

stage GICON, Kompoferm, etc

Axpo Kompogas, Archea,

Plug flow Single phase; single Dranco (vertikal), Valorga,

technology stage

Strabag, ATB Aufstrom, ATB
Schwimmbett, etc.
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Single-stage and double-stage

General layout:
Conventional single stage process

Biogas

nput
(mashed) b B
o e

G B

S

Organic load rate
OLR= 2...8 kg/(m?**d)

fa i)

A R,

>}‘{.\

Average hydraulic retention
time HRT >>12d

RN
st 47
Y TS

Brandenburg
University of Technology
Cottbus - Senftenberg

b-tu

Risks and disadvantages:

- Overfeeding is possible

« Low pH-value or exceeding the
buffer capacity

 Self-inhibition

- Incomplete degradation

« Long hydraulic retention time

- Little process control only

- Less flexible against change of
input material

- Low methane concentration of

the biogas

Fermentation
residues
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Single-stage and double-stage

General layout:

,gas splitting”
Double stage process _ _
Hydrolysis gas, Biogas, > 70 % CH,
mainly CO, and H,
Input
(mashed)
— pH < 6.5 pH7.0-8.3

Fermentation
residues

OLR = 10...50 kg oDM/(m**d), OLR = 5...30 kg COD/(m*d),
HRT =2...5d HRT =1...7 d (in case of
immobilized methanogens)
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When do double-stage processes disclose their benefits?

Single-phase systems (liquid systems):

o When the composition of the substrate changes often.

o For rapidly acidifying substrates that lower the pH and/consume the buffer capacity
quickly.

o At high rates of litter.

o For controlling the biogas generation (“biogas on demand”).

o For improvement of methane concentration.

No or negligible advantages for slow hydrolysating and/or well-defined, constant substrates.

Double-phase systems (solid-liquid-fermentation):

o For removal of impurities, non-biodegradable waste and valuables after the 15" stage,
reduction of process disturbances.

o For the use of heavily contaminated substrates because of the selective degradation of
biogenic materials.

o For substrates with high concentration of organic, but non-biodegradable materials, like
landscaping waste (e.g. hedge trimmings).

o For consumer-oriented biogas production (“biogas on demand”).

o For increasing the methane concentration.
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High solid (dry) fermentation (c,;,< 75 ... 85%)

High solid High solid Biogas
fermentation, with

percolation

fermentation, static Biogas

Solid |
residues residues

High solid fermentation, .
with percolation and Biogas
external methanation Hydrolysis gas ~—

alalaBalalalalalalolsl
: T3/ T A

v AT B

Solid
residues

filling

/
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The GICON® Process, developed by BTU Cottbus

spraying

70 -80 % CH,,
<< 200 ppm H,S

_= packings

residues

percolate reflux biogas
biogas generation
control valve
substrate
= X
spraying hydrolysate
methane reactor
substrate
 ————
percolate process water reflux
> 2 percolators = hydrolysate
solid residues to
composting or as aeration and
fertilizer hydrolysate buffer make- up tank
tank

Process configuration Y
to waste water treatment

or liquid fertilizer
utilization

Slurry
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GICON Biogas Plant in Richmond, Canada, for processing of biowaste

_:'/f///;/ "' :
<~ -
v m ~ '. :.Tu" \

‘ ! [ERE
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Strabag LARAN® Plug-flow-fermenter

/ |

Biowaste, Separation, size Biogas Recycling, Disposal
landscaping redluction, 1 recovery
waste etc. blending, water
Make-up for feeding
into grid, use as fuel
biogas

pre-treated waste

digester Very robust, c_qntinuous
| discharge process, gmbltlous
dewatering design, high energy
residue consumption, no control
of biogas generation.
:l Aftertreatment of

residues is necessary

press water

www.strabag-umweltanlagen.com, found on Sept. 1., 2014



http://www.strabag-umweltanlagen.com/
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Feeding pump

Biogas plant BSR, Berlin-Ruhleben
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Liquid fermentation for “biowaste to biogas”
- Examples of technologies -
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The pulper system

Biowaste, — m

Commingled MSW

Plastic, metals,

sand, glass ...
Biogas )
Process water for

recycling &
disposal
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| Biowaste

Sieving, Dissolution,
~ mesh70 mm  (mainly organics) pulper
: < e > /
:\ \\': e 9 ! l

E‘ overflow

l

Mechanical separation

N

Valuables Inert residues
Tap for landfilling

Innovative Waste Management at

Commingled MSW,

Brandenburg
University of Technology
Cottbus - Senftenberg

b-tu

Liquid fermenter with dry
pre-treatment system

Hydrolysis

|

Methanation

}

Dewatering

}

Composting

Disposal
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Anaerobic Sequencing Batch Reactor ASBR

filling

—

Settling
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Biogas

overflow
—_—

Residues + sludge
—_—

Brandenburg
U University of Technology
Cottbus - Senftenberg

Avantages:

« High performance, high stability,
short retention time

» De-coupling of hydraulic retention
time and biomas/solid retention time

» Less sensitivity against solids

 Low energy consumption (mixing
time 10 — 30 min per cycle!)

» Suitable for single- and multistage
processes

One Cycle (total cycle time: 4 — 6 hrs)
consists of:

— feeding

— mixing

— settling

— discharge of clear liquid (overflow)
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Getting higher methane concentration
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Higher methane concentration via gas splitting '

Hydrolysis gas, Biogas, > 70 % CH,
mainly CO, and H,

Input
(mashed)

pH 7.0 -8.3

Fermentation
residues

OLR = 10...50 kg oDM/(m**d), OLR = 5...30 kg COD/(m?*d)
HRT_Z---5d HRT_Z...7d
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Higher methane concentration (and higher yield)
through temperature control

Hydrolysis gas, Biogas, > 80 % CH,
mainly CO, and H,

Input
(mashed)

Fermentation
residues

HRT_2uu-5d HRT_Z...7d

Hydrolysis: thermophylic or hyper-thermophilic Methanation: mesophilic
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Higher methane concentration through pressurized methanation

N
Hydrolysis gas, Biogas,
mainly CO, and H, g >90 % CH,
Input /‘\ = ...100 bar
(mashed) > /
Packed bed

column with
immobilized

Filtered

hydrolysate methanogens
% “m "fiﬂ' :;«'*"
OLR =10...50 kg oDM/(m3*d), Liquid
HRT=2..5d fermentation

residues +
dissolved CO,
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Basic Idea: Use of Carbondioxid as source fiir the hydrogenotrophic
Methanation with Hydrogen

4H,+CO, ——>CH, +2H,0 AG, =-135,6kJ

trickling bed reactors |iquid substrat

The Idea

Electrical energy from Windmills and
PV-panels cannot be stored.

Water electrolysis delivers hydrogen.
With carbon dioxide, it can be
converted into methane on a
biological way. The trickling bed Gaseous
reactor has a high performance and substrate, e.g.
efficiency!  CO, +H, H,

Conversion rate for hydrogen: 100%!
Methane concentration: > 98 % K-/ \l—/

Low gaseous pressure drop versus lenght

Biogas Biogas

»

A
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Methanation via batch operation, conversion rate n,, and methane concentration c,,,

n H, [%]

N =
w |

w [

0 1
0 2

V2 (Q=2,25 Nm3/(m?.5-d))
V5 (Q=2,25 Nm3/(m?.5-d))
V3 (Q=5,94 Nm3/(m?.5-d))
V6 (Q=5,94 Nm3/(m?.5-d))
V4 (Q=11,6 Nm3/(m?.5-d))
V7 (Q=11,6 Nm3/(m?.;-d))

N2
CcHa,Ende
Yeua
Pcha
Pcha

PCH4

4 6 8

Retention time t [h]

= 99-100%

= 94-99 Vol%

= 0.25-0.26 Nm*CH,/m*H,
=1.17 Nm3CH,/(m?3;-d)
=6.5 Nm3CH,/(m3-d)

=0.15 Nm3CH,/(m?-d)

100

80

¢ CH, [%]

e

p—
/)

;Zéttﬂ

0 2

V2 (Q=2,25 Nm3/(m?.5-d))
V5 (Q=2,25 Nm3/(m?.5-d))
V3 (Q=5,94 Nm3/(m?.5-d))
V6 (Q=5,94 Nm3/(m?.5-d))
V4 (Q=11,6 Nm3/(m?.;-d))
V7 (Q=11,6 Nm3/(m?.;-d))

(2012)
(2014)

other processes, 2013

Retention time 7 [h]
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Methane enrichment via additional methanation as add-on-technology

Hydrolysegas
>99 % methane
Bioabfalle, NawaRo

> 99 % methane

Biogas

Bewidsserung
Perkolatricklauf

70 - 80 % CH,,
Steuerung oder <200 ppm H,S,
. rodgen Regelung der
Trickle : Methanproduktion
Substrat b gas-
ed
cleaning
aBewisserung Hydrolysat Sl
r
% methane
Methanreaktor
Substrat biogas Trickle hydrogen
— - 5 B —
bed Fliissi
) Perkolat Riicklauf Abprogukt
Perkolatoren im = Hydrolysat
Garagenverfahren
\ 4
Festes Abprodukt
zur Kompostierung Beliiftungs- und
Hydrolysatbehilter Schénungsbecken
- Zwischenspeicher -
oy Schlamm

Anlagenkonfiguration Abwasser, Fliissigdiinger

<

oder Eindampfung und
Diingerproduktion
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How to start with the industrial
introduction of waste fermentation?

Problems:

High investment costs

Price for electricity made from biogas is too high
compared to other sources

Needs subsidies from government or “eco-tax”
But: Saving of disposal costs, replacement of
natural gas or fuel pay!
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The bad example: Biogas plant in La Habana, Cuba: Nice, but not working because of
ignorance of waste logistic.

|l

,,,,,,

R uz x
A RIS X XY Ak !
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Appropriate simplification of the process layout

Layout of most biogas plants:

substrate

Biogas plant

ttp://www.schnellmg

Combined heat &

Power Plant
100 % chemical

energy of biogas
Organic valuables Minerals (sand, l

residues stones)
40% electrical 60 % (waste)
energy heat
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substrate

Biogas plant

biogas t Electrical energy

Lttp://www.schnellog

Combined heat &

/ \ Power Plant

Organic Minerals (sand,
: valuables
residues stones)
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Layout of simplified plant:

substrate Boiler (less costive

than CHP, existing?)

Biogas plant

biogas

I"E- www.classic-mbh.de

Brandenburg
University of Technology
Cottbus - Senftenberg
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e.g. food
processing
industries, paper

mills, dairies etc.
Heat

Process
industries

N

Organic
residues

Minerals (sand,

valuables
stones)

100 % chemical
energy of biogas

. 3

100 % heat (e.g. steam, hot
water etc.)
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The positive example: The producer of waste, the investor and the beneficiary are
the same person (or company). Simplifies everything!

Substrate
Waste

processing,
blending

Biogas plant

o) = b
0
e Biogas

: The company benefits
Organic waste from ¢ ) :
Process industries rom Its own Wjite'

Heat demanding
Process industries

Fossil
fuel

. Replacement of
. e.g. food processing natural gas or
disposal industries, paper mills, (existing) Boiler oil by biogas

dairies etc.

Example: Pilgrim’s Pride Ltd.

Smiley: http://www.gbsun.de
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Biogas technology in progress



Brandenburg

x
Instltutfz for Bio-Energy and University of Technology
Innovative Waste Management at
Cottbus - Senftenberg

BTU Cottbus-Senftenberg

The timeline of biogas technology Biofilm technology, engineered
process designs

Double and multi stage fermenters

Singe stage fermenters

Carbon dioxidg_,

+ hydrogen
Municipal + —

Renewable industrial waste

—
resources
Manure + co-

011 € 12—
manure —

*

1980 1995 2005 2015
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Biogas plants: From single-purpose to multi-product technologies

Conventional biogas plants: Biogas, 50-70% methane
Liquid and solid
Substrate (e
biowaste) ‘ Biogas plant ‘ residues

Modern biogas plants:

Biogas, 75-99 % methane

Substrate (e.g. Solid & liquid fertilizer &
biowaste, MSW, Biogas plant ‘ compost, humus

industrial waste))

reproducers
Valuables ' ‘ ’ Chemicals & compounds
(metals, glass, plastic, batteries... (NH,, P, acids, fibres etc.)

Residue derived fuel (RDF) as
replacement for fossil fuels
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