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Kulhydrater
0 Sukker, starch, cellulose fra planter, fibre etc.

Proteiner
0Kgd, soya etc.

Fedtstoffer

0 Animalsk fedt, plante olier, flotationsslam, etc.
Lignin

OTree, halm, hard nedbrydeligt materiale
VFA

B Nedbrydningsprodukter fra andre organiske gruy
DTU Environment . o=



e N —— T ———r
VAL 0] s

Det farste trin | den anaerobe proces er
hydrolyse. Er en enzymatisk proces, hvor
vandmolekyler splitter de organiske
makromolekyler til sma enheder

0 Kulhydrater til glukose enheder

O Proteiner til aminosyrer

O Fedtstoffer til glycerol and langkaedede fedtsyrer
(long chain fatty acids = LCFA)
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ORGANIC POLYMERS

Initiahydrolyse
W Acidogeneddannelse af

SUGARS, AMINO ACIDS, LONG-CHAIN FATTY ACIDS
syrer)

Anaerobic oxidation

Acidogenesis Acetogenes(elanne|se af
acetat)

Electron sinks
LACTATE,ETHANOL
BUTYRATE, PROPIONATE

Methanogenese
Acetogenesis
’ ( Acetate> CO+ CH
ACETATE HYRODROGEN

CARBON DIOXIDE (major pathway app. 70%)
\{ 4H+ CQ = CH+ 2HO

METHANE
CARBON DIOXIDE

DTU Environment




Blogasmitaiiaite

DTU Environment




Methen roigadd:e

Maendge methan som kan produceres per
meaendge af organisk substrat:
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trykkes som:
-CH/gCOD
-CH/gVS
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BeregiwaiC8 hotentiale

ab n ab na b
"HaOp+(N-—-— O->(=+=-—- t(o-—+t—
ChH.0,+( 2 2)Hz (2 2 4)CH4 (2 3 4)C02

(N80350 CH

Both:

12+ a+ 16b g-VS
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KOompowesies

Komponent

Kemisk-
fomel

COD/VS

CH,udbytte

iske

CH, udbytte

type

gCOD/gVS

STPI/gVS

STPI/gCOD

Kulhydrat

(C6H1005)n

1.19

0.415

0.35

Protein

C.H,NO,

1.42

0.496

0.35

Fedtstof

C57H104C)6

2.90

1.014

0.35

Ethanol

C,H:0

2.09

0.730

0.35

Eddikesyre

C,H,0;

1.07

0.373

0.35

Propionsyre
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C3HgO,

1.51

0.530

0.35
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En del af organisk materiale omdannes titnaktasse, typisis 26 af
det nedbrudte materiale

En del kommer unedbrudt ud med det udradnet materidl@%typisk 5
Lignin nedbrydes ikke

En del organisk materiale er strukturel og er ikke tilgengaeligt for
mikrorganismer.

Neeringsstofsbegraensninger.

95% kan opnas. Hvis det organiske materiale er meget stri@%el er 3(
omseetning normal.

DTU
DTU Environment et




Gas yields from different types of organic industrial waste is shown
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Type Organic content TS VS Biogas Notes
(%) (%) yield
msbiog./t
on
Stomach/intes Carbohydrates, 15-20 50-70
tine content proteins, lipids
Flotations 65-70% proteins, 13-18 90-130 Process adaptation is
sludge 30-35% lipids needed
Bentonite 80% lipids, 20% 40-45 350-450 Warning bentonite
bound oil other organics Process adaptation is
needed
Fish oil 30-50% lipids 80-85 350-600 Process adaptation is
needed
Whey 75-80% lactose, 8-12 7-10 40-55
20-25% protein
Concentrated  75-80% la ctose, 20-25 18-22 100-130
whey 20-25% protein
Size water 0% protein, 10-15 70-100 High N-content
30% lipids Process adaptation is
needed
Marmelade 90% sugar, fruit 50 300
organic acids
Soya 90% vegetable oil a0 800-1000 Process adaptation is
oil/margarine needed
Spiritus 40% alcohol 40 240
Sewage Carbohydrate, 3-4 17-22 Sanitation, possibly
sludge lipids, protein heavy metals
Conc. sewage Carbohydrate, 15-20 85-110 Sanitation, possibly
sludge lipids, protein heavy metals
Source sorted Carbohydrate, 25-35 20-30 150-240 Sanitation Plastics

household
waste

lipids, protein

and other particles
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SYNERGI ved samudradning er nar der opn:

fordele set ift. separat udradning af de enkelt
ravarer som samudradnes.
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resiiive esigities voE serudradany

@konomiske fordele grundet stordriftsfordele

Mange biomassetyper ville vaere vanskelige
udradne separat, eller kreeve kraftig fortyndir

Formidling af naeringstoffer til recirkulering |
landbruget
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ProcesineEssige SYNER G eftokier

Minimering af udbyttetab

Positive effekter for det biologiske miljg
O0pH- CO, dynamik

ONH, dynamik
ONaeringssalte, C/N forhold, absorbenter etc.
é |l edende til mere ef fe
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Kulhydrat, uoplgst VEA Protein, uoplgst Lipider
(cellulose, lignin mv.) heemning (plantepr., animalsk veev) (planteolie, fedt)
W max=0.53 di
@ R=1.0 d1 R=1.0 d! NH" > <co,
50% 20%
\l/ 50% \ll 80% \ll
Kulhydrat, inakivt Kulhydrat, oplast Protein, inakivt Aminosyrer Glycerol LCFA
— 1 — 1 — 1
Mmax=5.1 d M max=6.38 d Wmax=0.55 d
NH, > —> co, NH4* Hos < — co, NHy" > < co,
| -
Propionat Butyrat Valerat
Acetat Hmax=0.49 di M max=0.67 dﬁ M max=0.69 dt X
haemning
— — — < — <
NH,* | Co, NH,* | Cco, NH,* Cco,
Acetat | \|/
1 max=0.60 d?
NH;* = < N v
haemning
Brint
Kuldioxid @ Enzymatiskprocess
Metan
@ Mikrobiel omsaetning
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Viclioe proeres pazasicte/ Jorhokl

NH, heemning af eddikesyreomseaetning

VFA haemning af hydrolysetrin
Potenti al ol ammendeo

Kompleks sammenhaeng mellem substrat pH

Karakteristika, gasid@eveegt og pH, som bl.a. e
styrende for Nhemning/regulering, VFA niveau
dermed udbyttebestemmende hydrolyseringsgt
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eiligdSSHhsFAINer, dlyaei Mmv.

TABEL 1 Generelt DTU model

Udbyttetal mv. (excl. udvaskningstab) Antagen Buswel Max. Andel ift. Cellemasse NHy/NH," Metanandel Org. mellemprodukter (model)
nedbr.grad  Metanudb. | Metanudb.  Buswel  (CsH;NO,)  balance  via H,/CO, (udover acetat, H,/CO,)

Komponentbetegn. Kemisk formel % nl-CH4/g-vS | nl-CH4/g-VS % g/g-Vs mg-N/g-VS %

Cellulose (CeH1005), 50% 0.207 0.170 82.0% 0.075 -9.35 21.4%  Glucose, Propionat, Butyrat

Protein (Gelatine) CH7.0300,6N0.350,001 80% 0.316 0.268 84.9% 0.100 108.24 10.8%  Aminosyrer, Prop., But., Valerat

Lipid (Glycerin-tri-Oleat) Cs7H10406 100% 1.014 0.924 91.2% 0.186 -23.04 29.9%  LCFA, Propionat

Oplest Glucose CeH1205 100% 0.373 0.306 82.0% 0.136 -16.84 21.4%  Propionat, Butyrat

Acetat (Eddikesyre) CH;COOH 100% 0.373 0.353 94.5% 0.041 -5.14 0.0%  Ingen

Propionat CH,CH,COOH 100% 0.530 0.467 88.2% 0.126 -15.63 42.8%  Ingen

Butyrat (Smarsyre) CH,CH,CH,COOH 100% 0.636 0.568 89.3% 0.137 -17.03 19.9%  Ingen

LCFA (Oleat) CigH3,0; 100% 1.013 0.924 91.2% 0.178 -22.12 29.4%  Ingen
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G enegdl absminimienn

Praktisk metanudbytte (set Ift. teoretisk maksimum) er
begreenset af effluent tab, bl.a. uomsat VFA.

OAl t andet kunbgstemmt aehydraMiskA 1
belastning (int. Monod veekstkinetik).

Hajere produktion opnas ved starre population af
mikroorganismer

=>Ekstra organisk belastning medfarer ikke
yderligere effluenttab

=>Fordel (synergi) for tilseetning af samudradningssubstr
VS indhold hgjere end basissubstrat
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sClynIn & ngiiraeElisk elasising of Mreresisiane:

For en given procdsstand (grekurve)
er substratkoncentration alene
bestemt af nadvendig vaekst

hastighed som kun afhaenger
 ' af hydraulisk belastning.

Procestilstand (andre kurver)
er derimod meget afggrende
for substrat koncentration

4+ ———— — —
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