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BIOMASS INPUT IN DANISH AGRO-BIOGAS

Drymatter of biomass 2023 (%)

Amount of biomass 2023 (%)

Cattle manure

Pig manure
Industrial BP/othe...
Deep litter (C/P)
Mixed manure
MSW

Energycrops

straw

Deep litter (poultry)

Other manure
Total: >17 mill tonnes

The average DM input = 13,9%
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Mixed manure
Deep litter (poultry)

Other manure
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Cattle manure

Deep litter (C/P)

Pig manure
straw
MSW

Energycrops
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Total: >2,4 tonnes DM

>30% of DM from
high lignocel-

biomass
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Number of plants

STRAW FOR BIOGAS

]
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+ >200.000 tonnes of traditional straw
20 * |s used for biogas today. Addiotnal
large amounts of seed grass straw.
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The straw ressoruce
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80% Potential 600.000 tonnes/year
Around 20% used for biogas today
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STRAW ENERGY

Bushwell energi (komplet omscetning)

cto+ (a0 (%+2-Nem, + (2224 co
— — — — —)———— — — — —— —
allpbe T\ A= 7 =5 M2 278 2) T 37T 2

450-600 L CH,/kg VS

LHV (bombekaloriemeter)

19,8 MJ/kg VS =551 LCH,/kg VS

Biogas enerqi
B =By(1—e7*)

Bo=210-300 LCH4/kg VS
Kk=0,04-0,07
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STRATEGIES FOR STRAW

straw ab field

High quality straw Secundastraw:
Brlqugt!nq Ensiling
Pelletizing maceration

deeplitter
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100% straw plant>10% straw Small amounts of
Next Generation 2 plants straw
Several plants
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STRAW FOR BIOGAS
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DEMONSTRATION OF A CELLULOSE BASED
INDUSTRIAL BIOGAS PLANT
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*  Continously single-feedstock “

(straw) biogasprocess with high

yield (>425 L CH,/kg VS)
*  High degree of recirculation of

liquid (By UF, wetoxidation etc.)
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*  Sequencing of microbiology . : oxidation
focusing on the hyper-

thermophilic step.

.. EUDP O

(/' AALBORG
UNIVERSITY Det Energiteknologiske Udviklings- og

Demonstrationsprogram

/U AARHUS 0 Biofuel Technology A/S

UNIVERSITY




NEW TECHNOLOGY - STRAW AS MONO
SUBSTRATE
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Methane yield
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Brush filter
"long SRT”

200 7% straw

+ 93% DC liq.
150

Methane yield (L CH,/kg VS)
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6% straw
+ 47% DCliq.
+47% water
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100% straw
+ Sulfur cleaning liquid
+ recirculate
+ ammonia
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+ Micronutrients
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NEW TECHNOLOGY - STRAW AS MONO
SUBSTRATE

Drymatter
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Abundance

FG AND NG AD PLANT FOR LIGNOCELLULOSIC BIOMASS

Different archae can do the same work in Co-digestion of CM with straw - impact of

terms of gas yield temperature and initial inoculum
2,5
R1 R2 R3 R4
100 - Genus
[ [
. g__Candidatus Methanomethylophilus
e . g__Methanimicrococcus —
. g__Methanobacterium g’
.g_MethanobreWbacter 3 ,
. g__Methanocorpusculum “"E
50- . g__Methanoculleus m\
. g__Methanogenium £
. g__Methanomassiliicoccus :;:
. g__Methanosaeta g’
251 . g__Methanosarcina ,Q
o0
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. g__Methanospirillum
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=¢=Thermophilic inoculum 1
Hyper thermophilic —#—Thermophilic inoculum 2
Methanothermobacter —8— Mesophilic inoculum 1
N O,
9 %
== Mesophilic inoculum 2 g 2
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STRAW AND NITROGEN - THE ACHILLES

HEEL?

Nitrogen losses
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N losses (kg tonnes biomass)
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m Nitrate leaching
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-0,002

0,45

Nitrogen

¢ The models shows

0,04 positive effect on
B o002 -0,004 B -0,002NO3 but increased
Energyerops+ Waste@ based  Organic !\IHS loss and
increased NOX by
extra transport
0,14
-0,21
0,30
NH3 evaporation m NOX
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NH,-N loss (% of TAN)
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40 | pH effekt
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20 Tool box of new
Increqun']q technologies
10 Amount of straw
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= Digestate injected BS
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FROM CLOVERGRASS TO ENERGY

Set aside grass >200.000 ha

Realistic around 100.000 ha can be used
for harvest for biogas ( 6000 tons N og
400 tons P for organic farming)

hotosyntesis

Nitrogen rich
digestate

Rhizobium
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PERRENIAL GRASS FROM LOWLAND

Vedvarende grees fra lavbundsomréder og arealer, der ikke anvendes til afgrader.

>200.000 ha.

Realistisk sken pd kort sigt: 1 slcet og anvendelse af et areal pd ca. 100.000 ha til hest af biomasse

til biogasanlceg svarer til 6000 tons N og 400 tons P, der efterfalgende vil kunne udnyttes til gedning |
okologisk brug

Ko kveelstol heklar K3 tasforhektar
250 25

T

200 Stor effekt af 2

tildeling af kali

153

100

M kvlatef 4. hest [l Fostor, 1. hest
W Kuzslatal 2 ksl [ Fosfar, 3 host

Et slcet med tidligt 1. slcet (ca. 10/6) efterfulgt af afgreesning

Et slcet med sent]1. slcet (ca. 15/7) efterfulgt af afgraesning

To slcet med tidligt 1. slcet (ca. 10/6) og 2. slcet ca. 25. august

To slcet med sent 1. slcet (ca. 15/7) og 2. slcet 2 mdr. senere

To slcet med tidligt 1 slcet og tilfersel af kaliumvinasse (115 kg K/ha og ca. 3kg N/ha).
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Gras er zgte gron energi

-

Grzes fra engarealer kan mere
end fordoble produktionen af
biogas, og energibalancen er mar-
kant bedre end ved

grunden for et projekt ved Arhus Uni-

Henrik B. Moller ved en af de parceller, hvor Arhus Universitet
med at udnytte afgrader fra engarealer.

Biogasudbytte

landbrugsafgroder som majs og
korn. Samtidig far man flernet
naringsstofferne fra de folsomme
omrader, og man undgar, at area-
lerne ender med at bive til skov.

Af Henrik Bjarne Moller
og Lisbeth Nielsen

Der er en stigende interesse for at an-
vende energiagroder i biogasanley
for pa den mide at oge torstofindhol -
det og sete skub i gasprodubtionen.
Samfidigt er der et stigende arcal med
vedvarende gres, der ikke lengere
bliver afirasset o som har behov for
pleje, si omriderne ikke ender med at
blive til skov

Hyis gresset bliver hostet jevnligt,
kan der fjeres betydelige mangder
naringsstoffer fra miljofolsomme om-
rider, og der kan siledes opnis flere
fordele ved at sammentanke naturple-
energiproduktion. Der erimid-
mange ubesvarede sporgsmal
konomi, udbytte og en hensigts-

riftstrategi, hvilket er bag-

versitet med deltagelse af Danmarks
Miljoundersagelser, DTU-Riso, Brand-
strup Consult og virksomheden Natlan.
Iprojektet har der blandt andet

vaeret gennemfort en rakke praktiske
forsog pé engarealerne ved Fussingo i
2006 02 2007, hvor flgende drifls-
strategier ble undersogt:

A. Tidlig host den 10. juri, hvorefier
arcalet blev a feresset

B_Sen host den 15, juli, hyorefler
ancalet blev afgrasset.

den 10. juni og hest

igen den 25. august

D. Sen host den 15, juli og host igen
den 15, september,

E. Tidlig host og tilforsel af kalium-
vinasse, der er et biprodukt fra pro-

duktion af sprit og ger, og som er
‘podkendt af Plantedirektoratet il
okologisk jordbrug. Arealet fik til-
fort cirka 115 kg kalium/hektar og
cirka 3 kg kvaelstofhektar.

Disse driftsstrategier er sammenlignet
med parceller, hvor grasset ikke er
hostet, og parceller, hvor omradet er
afgrasset

4|Forskning i Bioanerg rv. 23 = marks 2008

o analyseret i sma
parceller pd 140 - 365 m’, idet stor-
relsen affung af, om der var take om
ren host, afgresning eller en kombi-
nation af begge dele. I de strategier,
hvor omradet blev afgrasset efter
host, udgjorde parcellerne en del af et
storre afgrasningsareal.

Graset fa de enkelte parceller
blev hostet, vejet og fiemet, Derefler
blev der udtaget prover for at bestem-
‘me biogasudbyttet og den kemiske
sammensetning.

1 igur 1 er det vist, hvor stor en
procentdel af det teoretiske biogasud-
bytte, der kan opnds ved 90 dages ud-
ridning i en forsogsreakdor, hvor bio-
‘massen afigasses portionsvis. Heraf
fremgir det, at nesten alle strategier-
ne giver et udbytte pé over 50 pro-
cent. Generelt har der veeret en ten-
dens til en lidt lavers omseetning af
biomassen i 2007, og ved at udskyde
forste host fra juni tl jul blev omszzt-
ningen reduceret med mere end 20
procent

Resultateme skal blandt andet vur-
deres i forhold til, at majsensilage, der
erhostet optimalt, i praksis giver et
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DOUBLING OF ORGANIC FARMING

Total nitrogen (kg/ha) distributed on new 300.000 ha

300 organic
250 VIDENSYNTESE
(1]
Green > e .
tripartite i~ ' S
~ 150
< - ==: 107 kg available N
@ 100
° ===- 65 kg avaialble N
= 50
300.000 0
m Conventionel L|vestOCK manure A Gree N Trl pq rtlte
B Conventionel Livestock manure untreated
B Organic livestock manure
m Organic waste not recycled by AD today Vi skal have meget mere graes. Graes er jo undervurderet. Vi har e
510.000 m Organic waste already recycled by AD gjort for lidt ud af det i Treparten. Vi skal tale meget mere om grees.
ha B Garden waste Graes er jo fantastisk. Det holder pa neeringen i jorden og dermed mindre

B Meat and bone meal etc kveelstofudledning.
:%trgﬂt.e_ e ——— o — Du kan bruge fibrene til at producere tgj. Du kan traekke protein ud, du
I eanic COvercrop roo I kan bruge som erstatning for protein du importerer. Du kan bruge

m Organic cover crop for AD

| . I restprodukterne til at putte ned i dit biogasanlaeg.

B Organic clower grass root N

I 1 Grass on 100.000 ha carbon rich soil I Der er nogle af arealerne ned til vores fjorde, hvor der i dag er landbrugs-
l Organlc clovergrass top N harvested on 15% of area o produktion, der stér og forurener med for meget kvae(stof.

&
“Wsis s
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SUSTAINABILITY OF BIOGAS

Transport
Diesel Electricity
(2,7 kg CO2/liter) Energimix

{0,150 g CO2/kwh)

45 days with thermophilic

operation (49-55C). + increased
retention times of 60 and 90 days.
Serial connections of 2 digesters
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CH4 leaks(1-2%)

MENTAL EFFECTS o

Amine
scrubber

%ﬁ sustainability ﬁfy
Arficle
Heat NG . Agricultural Biogas Production—Climate and
Heat Environmental Impacts

Henrik B. Maller ™%, Peter Sarensen *, Jargen E. Olesen %, Soren 0. Petersen *(, Tavs Nyord *

exchanger and Sven G. Sommer?

! Department of Bialogical and Chemical Engineering, Aarhus University, Blichers Allé 20,
843 Tiele, Denmmark; sgviiboe au dk

*  Department of Agrecoiogy, Aarthus University, Biichers ALE 20, 8430 Tiek, Denmark; pegroaudk (S
jeltagra e di (LEOL; snpsmnmmsm )

* Caonito, L 20, 120 Denmar; it d)

* G henrikh. dk

Digestateis 20° C

Abstrack Livestock manume is a major source of the gmenhowse gases (GHGS) methane (CH,) and

H nitrous oxide (M0). The emissions can be miti i by production of biogas through anaerobic
When It Ieaves the digestion (AD) of madure, mostly together with ofher biowastes, which can substitube fossil enengy
biogas plant and thereby meduce €O, emissions and postdigestion GHG emissions. This paper prsents GHG

balances for manure and biowaste management as affected by AD for five Danish biogas scenarios.
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SUSTAINABILITY FOR FUTURE BIOGAS
TECHNOLOGY

Kg CO,-equivalents ton!
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Energycrops+ Waste based

Organic

NGA

Straw_mono

CCS

B Carbon sequestration

B N20 maize cultivation

B N20 form NH3 loss

B N20 leaching

W N20 storage

W N20 storage

B Methane storage

® Methane leaks

W Fertilizer savings
Transport

M Proces heat

H Glycerol for heat

M Gas to the grid

® Net impact
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CONCLUSION

1. Straw plays a major role in the further development of the Danish biogas sector and already today
more than 20% of the gasyield comes from straw or straw rich byproducts. Less than half of the plants
use straw today and most of the straw is used on few plants.

2. Thereis a huge potential to increase the energy yield from straw and today only 50-60% of the straw
energy is converted to methane.

3. Anew generation of straw plants is emerging with mono digestion of straw where a much higher
enerqy Yield can be achieved with a high GHG reduction.

4. The use of straw results in a fertilizer product with high risk of asmmonia losses that need to be solved
by new technology for future development.

5. There is a very high climate impact of biogas from straw that can be increased by CCS. The GHG
mitigation can be almost doubled by CCS.
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