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Overview

Examples of feedstocks
Feedstock characterisation

Gas yields (Buswell equation)
Anaerobic biodegradability testing

pre-treatments

examples (percolation, chemical pretreatment)
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Feedstocks for AD
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Molasses

Main components soluble sugar
H,OH
H 0. H SOP AN
HH H HO
H O CH;OH
H OH OH H
Total solids 50-60%
VS >98% of TS
Methane vyield 300 m3t1TS
Availability commodity
£150/t

University of Glamorgan

Prifysgol Morgannwg



Energy crops

Main components sugars, starch
cellulose, hemicellulose

Total solids 30 — 35%
Volatile solids 90 —-98% of TS
Methane yield 300-400 m3t1 TS
Availability (Wales) 10,000 ha @17-21 TS ha't
(maize)
seasonal

Data compiled from;

Charlton et al., 2009. Chem Eng Res Design 87:1147-1161
Welsh Assembly Government, 2007
http://www.statswales.wales.gov.uk

Big East Biogas Handbook

University of Glamorgan
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Grass / silage

Main components sugars, cellulose
hemicellulose

Total solids 30-35%

Volatile solids 90-98%

Methane yield 260-400 m3t1 TS
Availability (Wales) 1,009,700 ha @ 10t TS ha'l
Value £20 — 40 / tonne

Data compiled from;
http://www.statswales.wales.gov.uk

Big East Biogas Handbook

University of Glamorgan
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By-products (e.g. Wheatfeed)

Main components starch, cellulose, fibre
Total solids 85%

Volatile solids 90-95 % of TS
Methane yield 320-400 m3t1 TS
Availability 31,200t/ year

(from one local plant)

Physical properties of |Chemical
the wheatfeed composition
Bulk density = 3.6 Kg L' Carbohydrates = 85% | VVholesale as feed £165 / tonne
Weight =3+ 0.34 g (20% Starch , 65%
Dimensions holocellulose)
D=0.8+0.025cm Water =15%
L=21+02 cm Protein =2%
University of Glamorgan
Hawkes et al., 2008 Bioresource Technology 99: 5020-5029 Prifysgol Morgannwg

G. Shipley — personal communication



Municipal and C&I wastes

Main components - Vegetable
peelings, bakery, teabags, meat, paper

Availability (Wales) 870,000t/ year

Methane yield 400 m3t1TS

Gate fees / waste permits / ABPR / PAS110

Figure F: Proportion of weight of all food and drink waste, split by food group

All Other Fresh veg
16% & salads
23%

Dairy &
eggs
7%
Meat & fish
Data amalgamated from: 7% _
Environment Agency Wales C&I survey 2007 'i;';‘/k
WRAP 2009 The composition of municipal solid waste in Wales Meals ?
http://www.statswales.wales.gov.uk 8%

Big East Biogas Handbook
Bakery Fresh fruit

10% 13%



Animal slurry / sewage

Data from:
Renewable Energy Route Map for Wales
Big East Biogas Handbook

Components undigested material
Total solids 5-15%

Volatile solids 70-85% TS
Availability 5,929,600 t slurry (18%)

96,000 t sewage sludge

Methane yield 180-200 m3t1 TS
Suitable for co-digestion

Waste regulations

University of Glamorgan
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Online compositional databases

ENEr gy, govy, V| B 4] | % |I’.? | L~
ﬂf Favorites '{5 @ - £l -
| @Biomass Program: Feedstock Composition and Propert. .. | | & - B (=1 @ * Page -~ Safety = Tools - @v 2

U.5. DEPARTMENT OF Energy EfﬁCIenCy &

ENERGY Renewable Energy

Biomass Program

Biomass Feedstock Composition and Property Database
Return to main search page or close this window to return to the main Web site.

This page is dynamically generated. If you're using a specialized screen reader and having difficulty understanding the page content, please contact the webmaster for a verbal or written

description.

Samples Variety Extractives Ash Total Lignin Total Lignin 0
ASTM E-1690-95 ASTM E-1755-95 ASTM E-1721-95 and T-250 ASTM E-1721-95 and LAP-004
percent mass percent mass percent mass percent mass
15.99 5.76 17.56

Switchgrass Alamo

Samples Variety Acid-Insoluble Lignin Acid Soluble Lignin Acetic acid Uronic acids
ASTM E-1721-95 LAP-004 LAP-017 Scott 1979
percent mass percent mass percent mass percent mass

1.17

Switchgrass Alamo

Samples Variety Arabinan Xylan Mannan Galactan

ASTM E-1821-96 or E-1758-95 ASTM E-1821-96 or E-1758-95 |ASTM E-1821-96 or E-1758-95 ASTM E-1821-96 or E-1758-95
percent mass percent mass percent mass percent mass
2.75 20.42 .29 .92

Done & Internet 3 - ®ioowm -

:'.'-’ start 15 Inbox - Micrasaf ... B RE: Biogas Regio... ] Feedstocks - Pre... g Presentationl ﬂ Microsoft Excel - ... part?_Biogastrai. .. [‘ 6 Internet Expl...

Prifysgol Morgannwg N




{= Biomass datapage Phyllis - Windows Internet Explorer

@;‘; @ |§ ecrnl V| B[4 X |I’J | peaid
{\? Favorites {,:‘5 @ - £l -

I#Biomass datapage Phylis . & - f___] . | gég - Page - Safety ~ Toals » |®|v >
r ~
Z ;
=z

home | general information how to use Phyllis | definitions used in Phyllis | preferences

composition of a single material | average composition of a group of materials | selection via NTA 8003 | search for materials

General information

Sample information L3
Group RDF and MswW

Subgroup MSW

Material MSW

ID-number 1518

Reference: K. R. G. Hein: Combined combustion of biomass/sewage sludge and coals; Clean Coal Technology Programme 1992-1994, Stuttgart, VD, ISBH 3-928123-16-5 (1994).

Remarks: MSW from Germany

Material composition

Proximate analysis (wt. %) | Ultimate analysis (wt. %) Elemental analysis (mg/kg sample (dry})

dry daf ar dry daf ar Al - WD Fe - MND Pb - ND
Ash  44.2 27.2 C 30.8 55.1 18.9 Msr|| As - HND Hg - MD Sb - MWD
Water 38.5 H 0.96 1.7 0.6  Msr B - HD K - MD Se - HND
Yolatiles - - - 0 1.5 38.5 13.2 Msr|| Ba - MWD Mg - MD Si - ND
N 1.09 1.95 0.67 Msr|| Ca - HND Mn - MND Sn - MD

Calorific value (kJ/ke) S 0.78 1.4 0.48 Msr||[ Cd - WD Mo - ND Sr - MD v

Done & Internet v Eon -

1a Stalt GZT ki ME A o | P /2 8 Internet ...

University of Glamorgan
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0n) 7" © v view data - Cropgen - crop BMPs -
iad >
[Er Home @ =

= & Cut |

= New -~ Spelling 4 W selection = 7 =) 2 ¢ Replace
[ ] |l@ | W ~ ;L‘ :F = B §§ ﬁ Lae
il
A
i

= 153 Copy = Save = Mare T3 Advanced ~ = GoTo~
Paste B 7 Ul A Iy - = abs ||| Refresh Filter _ Sizeto  Switch Find
| il = || ) | | All- | X Delete 7 W Toggle Filter || Fit Form Windows ~ kg Select -
Clipboard I Font ‘ Rich Text Records Sort & Filter Window Find
x
M Read-Only This database has been opened read-only. You can only change data in linked tables. To make design changes, save a copy of the database. Save As ..
material record l:ﬂl =
e Homargas B v e o addd v
|NA. | part l:l growmth stage |N.A_ | |N.M |
subztrate characteristics
DM content M contert lignin content M.k pre tieatment |Mone ‘
W5 content C content [M.M hermicelulose content
storage |M.H
Azh content M ratio celuloze contert MM
particle size |Standard procedure head 0.8 mm ‘ ather M. ‘
reactor - MM
g3 monitaring (M.
type |Batch | wvolume | 100 ml ternp ‘ 1
mising MM ‘ working volume HRT ather ‘
test duration |46 dayps
input amounts innoculumr
zludge zource [Anaerobic digester breating domestic sewaage sludage [primary] | rtrients |MN.h ‘
substrate | 29VW54
replicates |Triplicates or Duplicates
water T3 inhaculum / substrate ratio
Vg 2/1VY5 basis flushing [N.M ‘
ather |N.M
buffer |M.M
system
EMP . . L]
> CH4 per kg VS [0.298 (0.002) VS conversion methane content other details
b

eference 41 | Sheua

CLA k. r H Y bl kd red CHA nar la TS (ANY] Al CHA car bd | roabarial (Bl hd
o

Record: M 1o0f729 | » M X Mo Filte | Search

300 Search Desklop ’&___.g_ [
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Feedstock Characterisation - Why

To ensure the correct treatment option is chosen
To make sure the plant runs smoothly

Correctly size plants

Assess feedstock variability

Need for dilution, additional nutrients/chemicals
Potential odour and gas cleanup problems

Quality of the resulting digestate

\\\\\\

University of Glamorgan | /
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Feedstock Characterisation -
Sampling
Care should be taken
Representative sample is essential
Fresh is best

Think about volume/mass required

Sub sampling technigues

......

University of Glamorgan | /
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Feedstock Characterisation -
Sampling

Large contaminnts rei;noved (bones, string,
plastic, large r, metal

~4 T

e

énding using food

fﬁogénisation — chopping using food 2" stage homogenisatin - b
processor liquidiser

15t stag. ho

University of Glamorgan
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Feedstock Characterisation - Units

Wet Chemistry
g/l, g/kg, g/%TS
g9/% VS, kg/m?3, kg/ton

Gas Production
Biogas or methane?
ml/l, ml/g VS Added
ml/g VS Destroyed

m3/tonne material
added

University of Glamorgan =5

Prifysgol Morgannwg



Feedstock Characterisation — Basic

Parameters
TS Temperature
VS Alkalinity
pH HRT

Gas production

Gas Composition

University of Glamorgan P g

Prifysgol Morgannwg



Feedstock Characterisation —
Chemical Analysis

COD - Chemical oxygen demand Nutrients and trace metals
Ammonia Elemental Analysis (CHNSO)
Carbohydrate Pathogen

Lipid Siloxane content

Protein Inhibitory Compounds or elements

VFA - volatile fatty acids
NDF — neutral detergent fibre
ADF — Acid detergent fibre

Lignin

University of Glamorgan
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Feedstock Characterisation —

Chemical Analysis

Type of Organic content CH DM Vs Biogas vield Unwanted physical Other unwanted
feedstock ratio Ya % of ms*kg'r Vs impurities matters
DM
Pig shury Carbohydrates, 3-10 33 70-80  0,25-0,50 Wood shavings, Anfibioties,
proteins, lipids bristles, water, sand, disinfectants
cords, straw
Cattle sy Carbohydrates, 6-20 5-12 B0 0.20-0,30 Bristles, soil, water, Antbiotfics,
proteins, hpids straw, wood disinfectants, N'H_1+
Pouliry shory Carbohydrates, 3-10 10-30 80 0,35-0,60 grit, sand, feathers Antibioties,
proteins, lipids Dismfectants,
Stomach/intestine Carbehydrates, 3-5 15 80 0.40-0,68 Amimal fissues Amntibioties,
content proteins, lipids disinfectants
Whey 75-80% lactose - 8-12 90 0,35-0,80 Transportation
20-25% protem impurities
Concentrated 75-80% lactose - 20-25 90 0.80-0.95 Transportation
whey 20-25% protemn mpuritias
Flotation sludze 63-T0% proteins Animal fissues Heavy metals,
30-35%lmds - disinfectants,
organic polhitants
Ferment. slops Carbohydrates 4-10 1-5 B0-95 0,35-0.78 Non-degradable fiut
remains
Straw Carbohydrates, 80~ 7090 B0-30 0,15-033 Sand, gnt
lipads 100
Garden wastes 100- 60-70 90 0.20-0,50 Seal, cellulesic  Pesficides
150 components
Grass 12-25 2025 90 0,55 Gt Pesticides
Grass silage 10-25 1525 90 0,56 Gt
Fruit wastes 35 1520 75 0,25-0,50
Fish o1l 30-50% hpads -
Sova 90% vegetable o1l -
ocil/margarine
Aleohsl 40% alcohol -
Food remains 10 80 0,50-0,60 Bones, plastic Dismfectants
Organic Plastic, metal, stones, Heavy metals,
household waste wood, glass orgame pollutants
Sewage sludge Heavy metals,
organic polhitants

University of Glamorgan

AL Seadi (2001)
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Feedstock Characterisation —
Buswell Equation

*Theoretical maximal biogas and biomethane production

J n - In - In
C.H,ON,S. + {c 222y ijnx) — {i po2 2 ijag +[i Lt ijmj +nNH | +sH,S
| 4 27 4 2)7 2'8 4 8 4 4 4) 72 o

*Does not take into account the solubility of gasses
*Assumes all VS is available for conversion into biogas
*Does not account for any inhibition

*Useful as a guide

University of Glamorgan
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Feedstock Characterisation —
Buswell Equation

Elemental Composition (%TS)

60
50 - I I - 3k ' ]
40 T
30 uN
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S
uH
20 - —1 I I
50
10 - r ,
| J ' 0 | i ' [ r . | | | |
1
0 e 1 i
o e > > 2 @ o o > * @ <& > &
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Q 3 é Qz’b A&Q

Esteves and Devlin (2010)
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Feedstock Characterisation —
Buswell Equation

600

500

400

300 +

200

Theoretical maximum yield

100 ~

‘@&

m3 CH4/tonne of waste

B m3 methane /tonne of VS

Esteves and Devlin (2010)

University of Glamorgan
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Feedstock Characterisation —
Other Estimations

Biogas (NI/kg TS) | CHa%

Carbohydrate 700-720 70-71
Lipid 1200-1430 67-70
Protein 790-830 50

COD 545-660 55

University of Glamorgan
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Feedstock Characterisation —
Other Estimations

® From the literature
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Feedstock Characterisation —
Digestibility Testing

Batch

Relativly heap
Relatively fast — 30 days
Small scale so more tests can be carried out

Standardisation is debated i.e. Seed to substrate
ratio

Provides details on maximum biogas and or
biomethane production

Not representative of the full scale process

Continuous

Expensive
At least Four HRT’s required

In depth gas analysis can be carried out
(e.g.Siloxanes, sulphur compoounds)

Produces representative digestate, liquours and
gas production as full scale plants

Dewatering can be evaluated

University of Glamorgan
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Feedstock Characterisation —
Digestibility Testing

Oxitop Batch Reactor Automated Methane Potential Test
System (AMPTS) Batch Reactor

University of Glamorgan
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Feedstock Characterisation —
Digestibility Testing

Custom Built 10 | batch Reactor university of Glamorgan

Prifysgol Morgannwg




Feedstock Characterisation —
Digestiili Testing

Three Semi Continuous Reactors yesiy of Glamorgan \§J

Prifysgol Morgannwg



Feedstock Characterisation —
Digestibility Testing

Semi Continuous Reactor

University of Glamorgan
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Feedstock Characterisation —
Digestibility Testing

\
I
]

e

———————1
% 1

Continuous Reactor

University of Glamorgan
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Mechanical pretreatment

Screens

Depackaging

Hammer mills

Trommel sieves / communiting drums
Rotating drum pulverisers

* AlIr classifiers —_—
« Magnetic separators e,
« Hydro-pulpers / separators '

Degritter
Homogenization

University of Glamorgan
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Ligno-cellulosic feedstocks

OH OH OH

z z z

OH OH OH
p-Coumaryl alcohol Coniferyl alcohol ~ Sinapyl alcohol

) © O ;
: @©
625 o
B &Y 5

Macrofibril @
e @

Plant cell

10-20 nm

Pentose

Hexose

Crystalline
cellulose

EM Rubin Nature 454, 841-845 (2008) doi:10.1038/nature07190

University of Glamorgan
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Pretreatment methods

Pretreatment Mode of action (in addition to in- | Potential Inhibitor Residue Need for re- Low in- Low opera- | Applicable Proven | Additional re-
creasing the surface area) sugar formation | formation cycling vestment tional to various at pilot | marks
yield chemicals costs costs biomass scale
Mechanical - 4+ ++ 4+ + _ + T
Liquid hot wa- | « Removal of hemicellulose ++ ++ ++ + ++
fer
Weak acid + Removal of hemicellulose (major) ++ - - +/- + + ++ Spedcially suitable
» Alteration lignin structure (minor) for biomass with
low lignin content
Strong acid » Hydrolysis of cellulose and hemi- ++ - - - +- ++ ++ Strong acid s
cellulose hazardous, toxic
and corrosive.
Alkaline + Removal of lignin (major) and ++ ++ - - ++ +- +/-
hemicellulose (minor)
Organosolv « Removal of lignin (major) ++ ++ + - - - + ++ High quality lignin
+ Removal of hemicellulose (mi- Solvent used may
nor), depending on solvent used be inhibitor for
cell growth
Wet oxidation » Removal of lignin (major) +- ++ + ++ +
* Dissolve hemicelluloses
+ Decrystallization cellulose
Steam explo- | « Removal hemicellulose (major) + + ++ + + +- ++ Low environ-
sion s Alteration lignin structure (minor) mental impact
AFEX + Removal of lignin (major) and ++ ++ - Mo need for small
hemicellulose (minor) particle size for
« Decrystallization cellulose efficacy
COz explosion [ « Removal of hemicellulose + + ++ ++ - More cost effec-
* Decrystallization cellulose tive than AFEX
Combined me- | » Removal of lignin (major) and ++ ++ - - +/- +i- + +

chanical/
alkaline

hemicellulose (minor)

+ = positive characteristic: E.g. high yield of fermentable sugars, no or low fermentation inhibitors, no residue formation, no or low need for recycling of chemicals, low investment costs,
high applicability to different biomass types, proven at pilot scale, low operational costs
- = negative characteristic: E.g. low yield of fermentable sugars, high amount of fermentation inhibitors, high residue formation, need for recycling of chemicals, high in vestment costs, low
applicability to different biomass types. not (yet) proven at pilot scale, high operational costs

Taken from - Harmsen et al., 2010. Literature Review of Physical and Chemical Pretreatment Processes for Lignocellulosic Biomass . ECN

University of Glamorgan
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OFMSW - MBT (ISKA GmbH )

Buchen 165,000 tpa e
Heiloronn MBT, 88 tpa " o

Physical sorting / separation

>120 mm fraction to percolation -> AD
<120 mm fraction to compost

mechanico
processing

processwoier
Cleansd percoiofor foerob hyamolsis]

>

A A

Taken from Monson et al., 2007 Anaerobic Digestion of Biodegradable Municipal Wastes: A Review
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ISKA GmbH

Stirring
arms

j ‘

h .. - g & o ‘&}"r..v— -r‘—‘ f.,',
‘ _ Aeration
= ‘ - % channels
d

AN

v J o]
-

= -

Percolating
waste stream

-
-
.

University of Glamorgan

Taken from Monson et al., 2007 Anaerobic Digestion of Biodegradable Municipal Wastes: A Review Prifysgol Morgannwg



Percolation

MSW 100%
(50-53 % DS)
Mechanical
disturbal
processing p Selwbet_
3% metis
Screen throughpt,
12% 83 %
Percolation
5% bilogas

water for
18% composting

mineral
% substances

DS degrad.
4% (cox H20)

%

5% degrad

7?0?& , I8 %
Energetical
uisation | SOt

OFMSW < 120mm continuously fed
through system with stirring

Hot water added from top

3 days residence at 38°C,
Degritting

Screw press to separate solids
Percolate liguor COD 200-250 kg/t
5% mass conversion to biogas

Water recycling from digestate

University of Glamorgan

Taken from Monson et al., 2007 Anaerobic Digestion of Biodegradable Municipal Wastes: A Review
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Acid pre-treatment of SAS

140

120
E
o
£ 100
bt
g 80
=
=
E 60
=
o
&
2 40
I
=
tg ) . '

0

Untreated pH3 aH 1 pH1Fresh
Sample

5% TS SAS acidified with conc HCI for 24 hrs then neutralised with NaOH.

University of Glamorgan
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Gas production after acid pretreatment of
secondary sewage sludge

500

200 // le

Normalised biogas Production (ml/g VS)

=—pH2
pH3
200 -
pH5
100
¥ I I ' T
0 ’ 10 15 20
Oxitop 35°C (blank subtracted) ime (e
100 ml inoculum 0.4 g VS substrate Deviin et al (2011)

Topped up to 150 ml with DI water

L D
University of Glamorgan | ‘gs
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Semi-continuous feeding
acid pre-treated secondary sewage sludge

25

N
o

=Y
6]
!

+ Untreated = pH2

Gas Flow Rate (ml/min)

=
(@)

Time (hrs)

12 day HRT, 35°C

University of Glamorgan
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Effect of pretreatments on
solubilisation of protein

Protein Content (g/l)

12

10

O Column B
'|' B Column O

Digested Untreate Pressure  Freeze
d Cook

0o

alo  Alkaline

Pre-Treatment

Acid  Audtoclave Ultra 30 Ulra 19 Enzvme

University of Glamorgan
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Effect of various pretreatments on

s00

400

300

Volume of Gas Evohlved {ml)

[n]
=
]

gas production

+ Urtreated

= Pressure Cocker
Freeze Thaw
0o

* A0aC:

+ Alkaline

+ Acid

- Autoc!ave

- Ultrasonic 30
Ultra 15
Ereyme
Digested

v

0:30

rimar

10 15 20
Time {Days)

: secondary sludge in terms of VS University of Glamorgan

Prifysgol Morgannwg




Cumulative hydrogen (mL}

Acid / Alkali pretreatment of poplar

CIHa
[ NaOH

= s =] i =t
i A i A i

Content of the total reducing sugar (%)
o
[

(=]

up 0.5% 1% 2% 4% B%
HCI and NaOH concentrations (wiv)

0 T T T T T T T T
20 40 &0 B0
Time (hour)

Cumulative hydrogen (mL)

Enzymatic pretreatment of poplar

=

5]

B

-
=]
1

—&—UuUpP
——025%

T T T T T T T
20 30 40 50

Time (hour)

Taken from; Cui et al., 2010 Int. J. Hydrogen Energy 35:4041-4047
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Conclusions

A wide variety of materials can be used as feedstocks for AD.
Consider availability, cost, handling and storage requirements,
composition and biodegradability.

Proximate analysis and chemical analysis is useful in ensuring
the plant is operating efficiently.

The Buswell equation - theoretical energy yield.

Digestabillity testing to confirm gas yields.

Pretreatments can aid processing and enhances gas production.

University of Glamorgan
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" The sole responsibility for the content of this document lies with the authors. It does not
necessarily reflect the opinion of the European Union. Neither the EACI nor the European
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