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Lesson to learn:

F L

*Chategories of reactors are common in AD
WA O S BT A e ) T

*The different parameters which influence the processing

s [ BEID A5 [ (K] 5R

*Design of a dry reactor

+ 1 BEL [

*What factors con hint the process
it NES N A RRRE R
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Fermenter- and process parmeters Ll

RN B T IER S8

Hydraulic dwelling time The dwelling time of the substrate
B in the fermenter 4 i 7e J i 1 54 1 i

Dwelling time[d] = working volume of the fermenter [m3] /substrate volume
introduced daily [M3d-1] g gt ] = R BAGEGRIL | AEFAR A RIKARR

Arbeitsvolumen des Fermenters [-?}'1.3]

Verweilzeit |d] = — .
Taglich zuge fuhrtes Substratvolumen [m3d—1]

The recommendation for mesophile operation is 30 days.

FEEAT T ENER 30 X
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Example: Dwelling time eimar

ggﬁj‘ '$ I H?J‘I‘Eﬂ

 Usable fermenter volume 1200 m3

KRB U A A B 1200m’

* If 40 m3 is added daily, the dwelling time will be as
follows:

FREA 40m® , FBAEEEEA:
* Dwelling time = 1200 m3/ 40m3*d' = 30 days

PEAN
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Organic dry matter L T4k weimar

Cofermentate comprises of: 5] KXY i &45
— organic substance FHHLYR

— inorganisc substance (annealing residue) JEF WY (REFIK
)

— water /K4

e.g. Maize silage: #illn FKE A E
— 65 % water 65% 7K

— 35 % dry matter 35% T4l

— 5% annealing residue 5% BRBEFRILY (R4
— (= 85.7% of the dry matter) (&[E&% 85.7% )

Organic dry matter (odm) in 1kg of silage 1kg FEFERHFFE Y TR

1000g FM ({EE) 6509 water (7J<) 3509 dry matter (E\E) — 509 ann.res. ( X
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Fermenter- and process paramaters LZZM =

RN S H
Load in the digester chamber

T RERE DL
an important factor for estimating
the possible conversion in
fermenter. f5 B PEYT R BERE A K
LN AN IR 2

(kg oI'S)  org. Trockensubstanz pro Tag [kg oI Sd™']
m3d  nutzbares Garbehdltervolumen [m?]
AP E = BERAITYIRE [ SRR A REGRE i

A
(kg odm = org. dry matter per day [.....J/usable fermenting tank volume
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Fermenter and process parameters LELlS

Sludge load : {5 it :

In order to estimate the accurate loads,
Odm determination in fermenter possible.
DEREFHIN AR, URKBETEIYSENTE
Sludge load [..] = dry matter introduced
per day [...]J/org. dry matter in fermenter
kg oT'S]|

Schlammbelastung —

kg oT Sd]

zuge fithrte org. Trockensubstanz pro Tag kg oT'Sd™*]
org. Trockensubstanz im Fermenter [kg oT'S]

ol EE = BERMANAYLTY R OB BT R
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Hydraulic dwelling time 7K &5 i r) AR

Dwelling time — <10 up to over 100 days possible
15 B I EZE /D T 10 REGE 24K 100 R BERY
- Gas output increases to a maximum F“S5—HIHAKE
- The lesser the poorer is the gas output S{AE/D>, FESEAL
- practice 25-100 days SEEEH—#7E 25-100 K
- Under 20 days decreasing gas output, odour problems
20 RAASH=8, RS0 ERFE
cofermentate higher dry matter 7] KB TR EERE
— Longer dwelling time possible 1] §8%; K [¥){5 &5 b+ ]
- Discharging volume low S /{&F=&4 &
- Increasing load of digester chamber to be observed
ERF VL ASER & &
cofermentate lesser dry matter 7] KEZTH )0 & 21K
- high exchange volume %5 A2 # i FH
— Dilution of biogenous stock 4% [k
— Quick fermentation: observe acid enrichment

PRIE PR : TER R R AR B
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Digester chamber load EHlY&AZEE X

* In mesophile operation: FiE&4 T
range about 0.5 — 10 [kg odm/(d *m? ] il
* Gas output sinks with increasing load
In the range 1- 3 [kg odm/(d *m?) ] a linear decrease of about 10% on

SEFEEABRERRETRE, —MK7ZE 1-3 [kg oTS/(d *m3) ] , F=RE
HERFEEN 10% .

* Increasing the load to about 1 [kg odm/(d *m?)]
Commonly: addition of 2 to 3 [kg odm/(d *m?)]
on addition of cofermentate, the value should stay below 5
[kg odm/(d*m?)]
Mono fermentation up to 10 [kg odm/(d*m?)]
REAEE 1[kg oTS/(d *m?)]
BEE: A 2 bis 3 [kg oTS/(d *m?)]
WMRCLEMADEANBAL, BARZRNMAERNZIE 5 [kg
oTS/(d*m3)] VAR, YR KEETE 10 [kg oTS/(d*m?)] PAF
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Weimar
Dwelling time and load of digester chamber [

'L‘%’ : ﬁlﬂﬂﬁm%ﬁ( =

* Substrate parameter such as type, value, quantity, concentration,
degradation speed to be observed

VRS, R, HE, WRE, FWHEEE
* Substrate dwelling time max. load:
W) o k)45 B IF ] DL R B K AR LR
— liquid manure (cow)+ NawaRo 2 50d; 3-4 [kg/m”*3*d].
2 RTR] AR i
— liquid manure (pig) + NawaRo 2 80d; 3-4 [kg/m”*3*d].
M I A] BAEY)

— NawaRo mono fermentation 2 80d; bis 3 [kg/m”*3*d].

PR AT AR )
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Add-on frequency JEYHI A\ Weimar

In practice about 24 portions / day ZEERZL—K 24 4y
with add-on frequency not adjusted to the substrate
— decreasing gas out put

MREVMABREAZR, FBAEDI- BRI
persistant substrates 3-11 Port/day
SEREREYIR 311 4 | R
readily degradable substrates up to 24 Port/day
S B R VTS 24 413 | R

the higher the reactor load and the shorter the dwelling time, the
higher the add-on frequency

RMSERMARBR, UREEREBE, FAARAEE
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Fermenter and process paramaters LGl

Biogas formation rates: RS E:

Gas quantity generated per time unit [I,,/d ]. 14717 (] 117

Gas pipe: P=EHR.

Gas volume generated per day is related to the fermenter volume 7=/ A8 5 DL A FREGE 4

m?> erzeugtes Gasvolumen pro Tag [m*d ]

m>d Fermentergrofe |m?]

m3/m3d=gas volume generated per day [....]/capacity of fermenter[m3]

Gas output e.g. m¥ kg odm i.e. m3 twm with respect to the substrate or m%/ GV
el. energy kWh/t FM
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Methane output, normal conditions KL

HESr=8, PR

* Only the total volume of gas can be measured.

AUOUAT PAR B S SRR B B R

* quantity of methane from volume and content % determine

H e S B AT AT B AR 5 2 2 BRI

— m3 Methane = m3 Biogas * % Methane /100
LA = AR A=

* results given in m3 under normal conditions (NB = 1013 hPa, 273 K)

0L TR (KSKHEN 1013 hPa, 273 K)

—E.g.: %] : Volume 1AFH : 1000m3 Gas
Temperature i) : 25°C =298 K
air pressure “{Jk : 998 hPa

Volume under nc Frit ~4FH =902,5 m3
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Biogas output potential A< ;=SS

Approximate calc.- example according to Buswell.

LRGN - FIIRYE Buswell FTER

Knowledge on the material composition of the substrate

necessary. AR ERIY) BN B

The gas output depends considerably on the material groups
carbohydrates, fats and proteins with av. mol fractions of

the element CHO.
PR EEBA A, TR, EAS, EERBELU
=HK

T
C.’L' H‘l OZ -
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(nach Buswell)

Molanteil Kohlenhydrat Fett Protein Gesamtpflanze
Kohlenstoff 6 16 6 38
Wasserstoff 12 32 10 60

Sauerstoff 6 2 2 26

Rel. Atommassen

C=12, H=1, O=16

Molare Masse 180 256 142.5 930
Methanertag in Mol 3,0 11,5 3,8 19,7

Molanteil=Mol fraction
Kohlenstoff=carbon
Wasserstoff=hydrogen
Sauerstoff=oxygen
Rel.Atommassen=rel.
atomic mass

Molare masse= molar
mass

Methane output in mol
(according to Buswell)

Carbohydrate, Fat, Protein, Total plants

Aus: FH Bochum, Solarnetz .

ersitéit
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Types and selection criteria for
fermentersystems in biogasplants (2)

AR KERSGHZ

)

S AEFENRAE  (2)
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Anaerobic

Process
C HONS, + (4n—a—2b+3c+2d) H,0 2

1/8(4n+a —2b—3c—2d) CH,
+ 1/8(4n-a+2b+3c+2d)CO,
+ CNH,

+ dH,S
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The anaerobic process- biogas

1. step 2. step 3. step 4. step
name  of |hydrolysis acidification acetatification methane
step production
start- complex simple sugar amino acid, acetat
product sugar, protein, arganic acids
fat
micro- acidogens acetogens methanogene
organisms MmiCro- MICro-organisms | micro-organisms
organisms
by-product |simple sugar |amino acid, acetat
arganic acids
end- '::'::'2 '::Dg, Hg ':'::'2, NHq, Hg, ':'::'2, ':Hq
product
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The anaerobic process

RETTE

substrate methane | carbon-dioxid | ammonia | hydrogene sulfide
M) 5 [/l - %] [/l -] [/l - %) [0l - %]
sugar (glucose) a0 50 - i
bl _ —
fat B i =73 24 - _
proteine
T EA
(average) (I3 | 38 -50 38 18 A

Folie 19 Prof. Dr.-Ing. habil. Werner Bidlingmaier, Lehrstuhl Abfallwirtschaft



Bauhaus-Universitit
Weimar

The anaerobic process

RESFE

3,5 - 5,5 kWh/m? biogas

=
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The anaerobic digestion
RE KB
:> thermophilic mesophilic

50 - 55°C =ik 30 - 35°C i

-stability of process, microorganisms, gas production

IR RE, WA, AR

:> wet WA dry T
10 mass% dry subst. 35 mass% dry subst.

-stability of process, inhibition &L fi5ze, i

il
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The anaerobic digestion

RE K EE

single stage 4

-

two stage %

single stage

two stage

benefit: L4
- lowe costs of invest
- simple control engineering

et /b, R TR

benefit: L AR, HIMRE IR
- higher stability of the process
-individual solutions =, IR RPRIAAR
- higher efficiency req. time and wolume

- better sanitation{ lower pH-in hydrolysis)

disadvantage: &

- no optimisation possible YEALEHE

- pH -problem {instability) pH F25& 1)
- general lower stability A& sE i) L

disadvantage: i i (1357 A R pH I

- higher costs of invest #%&

- more difficult control engineerng
TR I M
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The anaerobic digestion

REKEE

temperature |[':'-::] 30-35 und 50-55
pH ] 5.6
water content mass-“o wh. > 5
redox potential [’ A A Ji H <- 330
alkalinity i) [mg Cally/] >2000
salt [gkgd.b] <200
ammonium [91] <1-25

hy drogene [mmmolar, Vol -%] <3, <1
sulphide H2S

sulphide i [mgil] <1 04000
organic acids VL% | [m] <1 30010
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Characteristics Covered Complete Mix Plug Flow Fixed Film
Lagoon Digester Digester
Digestion Vessel Deep Lagoon Found/Square Rectangular Above Ground
In/Above-Ground In-Ground Tank Tank
Tank
Level of Technology Low Medium Low Medium
Supplemental Heat No Yes Yes No
Total Solids 0.5-3% 3-10% 11-13% 3%
Solids Characteristics Fine Coarse Coarse Very Fime
HRT* (days) 40 - 60 15+ 15+ 2-3
Farm Type Dairy, Hog Dairv. Hog Dairy Only Dairy, Hog
Optimum Location | Temperate and All Climates All Climates Temperate and
Warm Climates Warm

* Hydraulic Retention Time (HRT) is the average number of days a volume of manure remains in the digester.

Folie 24
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Covered Lagoon Digester. Weimar [N

a5 ) Lagoon K EA

* Covered lagoons are used to treat and produce biogas from liquid
manure with less than 3 percent solids.
17 i 1P lagoons  FH b BRI AL =V H A, — MR URE A [R5 B/ T 3%

VAR LSS .
* Generally, large lagoon volumes are required, preferably with depths
greater than 3,6 m.

— MK Lagoon AAFR 22K IR EEAE 3.6 KLL .
* The typical volume of the required lagoon can be roughly estimated by
multlplylng the daily manure flush volume by 40 to 60 days.

B WAL Lagoon AP it A48 ml LA Hﬂtﬁiﬂ)\ﬁ’]ﬂﬂi‘fﬁﬁﬂﬁu 40 &
60 X (i)

* Covered Iagoons for energy recovery are compatible with flush manure
systems in warm climates. Covered  lagoons may be used in cold climates
for seasonal biogas recovery and odor control.

X o i Lagoon i — AR AT A% R BANE S AR, R4
A PAFERL B3 1 B 90l 2= v = RSO R A5 s
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Complete Mix Digester
SBER A

* Complete mix digesters are engineered tanks,
above or below ground, that treat slurry manure with a solids
concentration in the range of 3 to 10 percent.

SCAVR G FE A el R B A, FH T AR
[E RS AE 3-10% HIIEFEIE K .

* These structures require less land than lagoons and are
heated. Complete mix digesters are compatible with
combinations of scraped and flushed manure

XD & AR/ (R lagoons M ELES) , FF H A2
P, X e AR A R Al A T B MR IR 3 .
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VALORGA-Process — dry single stage 8
VALORGA g - +3k—Ers

Biogas

B\ i
Zufluss

—= 4A‘m‘luss
I

Gaseindiisung ~ “UIAFEE
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Plug Flow Digester
WA

* Plug flow digesters are engineered, heated,
rectangular tanks that treat scraped dairy
manure with a range of 11 to 13 percent total
solids.

«ﬁ%ﬁmdzﬁ?ﬁ% EHE A, KITIE

— FBOA P [ A S AR 11-13% BT HESE

 Swine manure cannot be treated with a plug
flow digester due to its lack of fiber

RS e md, BimAGEE Tt

\:[_:IZEEI
TEE
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KOMPOGAS-Process — dry, single stage
VALORGA iff¥ - Fik—Bak

Mittellager-
Gasraum schacht

Substrat

< T \ e

\_Y_J
Antrieb
r—

u Rihrwelle mit Paddel u

Substrateintrag

| Rohr-Warmetauscher

Pressentwasserung

Rezirkulation
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Fixed Film Digester Weimar [

[ S R e i

Fixed-film digesters consist of a tank filled with plastic media. The media
supports a thin layer of anaerobic bacteria called biofilm (hence the term
"fixed-film").

[ 5 62 A I e P PR R il il o XA IR 22— M DRAE R AR R, R
AN bt L 3] D

As the waste manure passes through the media, biogas is produced.
Like covered lagoon digesters fixed-film digesters are best suited for
dilute waste streams typically associated with flush manure handling or
pit recharge manure collection.

MR FENE I XA, AR fﬁn?iT SUEAE lagoon A [ e ik
— MR S MR A AR R, e Y g v IS S A AR, B
A e NEFSIER BTN 1 )5t

Fixed-film digesters can be used for both dairy and swine wastes.
However, separation of dairy manure is required to remove slowly
degradable solids.

[ 5 IR et ] AT T 9 AR MR A8 ) AR B . SR1M, W2 iEAT IS 48
ME B AR o ) 25 PR AC B
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3 U D f-Injekti NS
Zulaufwarmeubertrager ampf-Injektion ﬂ/ﬁiﬁfj]\
AN RS AN
| z i ~
é Abfall —ﬁ rL
| —— Ablauf - OFF ’ & -O—>—Ablauf
i th . i th
Zulauf 7Y
iﬁﬁ N biologische Aufwarmung
i o
Abluft %<
Abfall—— "4 o
Zuluft——{-———-——_ 1 %%:7“
N @LL s
LTI 777
@—__ /~ —~——Feststoff
O > Ablauf %!
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The anaerobic digestion

REKEE

Qv

A~~~~~7
AV.~~~~7
<
L e
= 14
% b.,,,,,
=
LéJ f~~~~~7
E r~~~~~7
-
2
S *ihhhhf
(&)
SUNENN Y I] h
Y \ \ \ \ \ \ \ \ \ \
till 49 qy v i¥ 40 i7 v A 44 Yoo
Vas mMESO OTHERMO
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The anaerobic digestion

REKEE

IR
YFoen
A\*hhhl—
<
m\hhinn— I_
2
% _
b Annnu—
>
|: ERERE
(&)
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& *ih.h— —
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"~~~~7 [ | —
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The anaerobic digestion

RE KB
-

Feoven =

Yervenn =

1|
ool

Yeonan

CAPACITY (TON/YEA

Yeeven
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mWET oO0 DRY
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The anaerobic digestion

REKEE

Qeveann

Avvaanne
W Veooes
g v
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=
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Process flow chart fermentation plant Weimar

KW AR
Delivery and treatmentif £ 7175 4 2

Bk 2Ty i
Waste gas %) |
purificationr _
L2 5
L . e / B
AT
!

Lot

Gas treatment

. FOL
J\ and Use
S

SARLEEFA P

» Waste water

‘ v Purification
‘ BRIk EAL

drainage fi7k

Secondary rotting f& 2T
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Degradation steps for the formation of Methane & CO X

S CO2 k=4 K R 2
1. Degradation of carbohydrates according to Buswell:

R Buswell BR7KALSHYIH] AR

anaob+[H+ijzo IR (”-"Hbjcm n (”+a—bjc:/-/4
42 2 8 4 28 4

e.g. Glucose* BlIE % CH vOs - YCOx + YCH¥

2. Degradation of amino acids to acetic acid, Ammonia and carbondioxide

RIERIFBAN LR, BRARKLEY)
CH3CHNH2COOH + 2CH2NH2C00H + 2H20 > 3CH3COO0H + 3NHs + CO2

3. Degradation of fatty acids to acetic acid, hydrogen and carbondioxide:
JEWT IR A LIR, SR EY)
a) Butyric acid g CHrCHYCOO™ + YHYO - YCHrCOO + H’
b) Propionic acid A&  CH-CHCOO + YH-O - CH-COO + YHx+ COx
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Degradtion steps for the formation of Methane & CO.§

Fke A CO2 S~ K FEEE 2

4. Carbondioxide - Reduction to Methane, Water and heat:

KA S YIRRARA S, KFHEe
CO2 + 4H4 + H20O  + neat

5. Reduction of acetic acid to Methane and carbondioxide:

LR FEfRE R B IRk &Y
CH3COOH — CH4 + CO2
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Degradation reactions and inhibitory influences

o 82 S I DA B il 2

— Erwlnschte Abbaureaktion (gehemmt)

I 1T S 1 86 8L 2 NFg/ NH 4+

Hemmender Einfluss

FIH 52 M H, CO»

I

|

* Vermuteter, hemmender
Einfluss

CH,

I

I

I

I

I |

' CH COO-+3H2 +CO2
Essigsaure

>| CHy4+ CO> I

TR A 2 | cHa CHyCOO-

Propionsaure

e —— ——— — — —

CH3COO-
Essigsaure

— Adaption possible over many weeks R PREIT [
— Drop in pH - value only in the advanced state FHUGRTE
— > High concentration of propionic acid subsequent to ammonium inhibition

i
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Parameters of process control

AR N T

Good process conditions can be deduced from the following propertles

WM B B AR T R A

1.) Biogas quality: constant amplitude and average values of CH, content
YR TR T e B3 sh I HL R AR F e SR Y B B

2.) Biogas output: constant and within limiting values, according to

A

the waste composition

R HE, T HARTE AR RAE Y, AR [ A 20 s e 70

3.) Analysis values: satisfactory profile for organic acids,
acid and NH, concentration within limiting values

ST WA NURVRRE, BLAR, NH4 WG FEAR PR A A

4.) Temperatures: constant and close to optimum
WL HE, JF HARDCA I R B3

5.) Inoculation: suitable inoculation rate adjusted, according to oTS,__, load

B EE MY, AN

6.) pH-value: reaction later, especially if ammonium is high

F%6'"%54&) m fw%ﬁ Dﬁ@%ﬁ %?ﬂ@giﬁlingmaier, Lehrstuhl Abfallwirtschaft

Die Parameter sind entsprechend ihrer Prioritat aufgelistet!
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Inoculation M4

Input iﬁﬁ )\ Output iﬁij.‘ilj

Fermenter 7/3\@% ﬁ%
Impfung {Ff( ﬁ{j

Inoculation rate (number of inoculations / number of insertions): 0.25 < inoc. rate < 1
PR L] CGRAED 0 0,25 < R < 1

Press water - Recirculation also has an inoculation effect!

W4gK - PEA A BR r1EH

Guidelines for inoculation: 4[5 5& :

* Due to inoculation , it is important that the acids break down at the

fermenter exit(especially Propionic acid), in order to avoid non-reduced
acids being re-transported to the fermenter entry
PERE R B AR AR T B, DU MRAE ARl h gl . CRenl 2N IR
T REGR, DSl VA AD A AR ) PR A BT [P AL 1) A e v
« 0TS, high in waste, slightly higher inoculation rate in order to
dilute the acid concentration at the entry
BRI e, ARG, LR R TR v () Rk L
* no partial fermentation possible!
ANIE) 5] M L A !
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flow time and dwelling
time

T A5 B B[R]

ARG I [R] 190

Systemgrenze fur Durchlaufzeit

Input : 'Qutput

Impfung %ﬁﬂj CIE@

L Systemgrenze fur Verweilzeit /2% éﬁ{% Iééj HUL I\ETJ T@

Flow time: 1 iz i [#] Dwelling time: {5 F4 i [1]
m? (Fermenter filling volume) m® (Fermenter filling vol.)
R PP ST SR AR AN B PR FE AR AR

m? (Input + Inoculation) daily —

T T o ARl B m3 (Input) daily 7} K4 N\
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Flow time and dwelling
time)

17 days <  dwelling time {541l < 25 days
10 days < dwelling time 1) [ [i1] < 15 days

12 - 14 days should be attempted for flow time
TvHE e 12-14 REfE

If possible not longer because:
AN B R, Y

Substrate liquifaction and ammonium inhibition as consequence
to the strong TS degradation takes place

LA ) ) Do e A5 ) S A AT 2z A
If possible not shorter because:
B AN BN TR IR, R

the plug flow should be maintained,

disinfection should be guaranteed,

as well as enough time should be given for the degradation

of organic acids.

Wi N iz AR T I TR], I EORFRG . B A LR I R DR RE — B[R]
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Influence of temperature on growth of bacteria

i BEXT B Al AR HI R

Under ideal conditions:

Normale Wachstumsrate /4 K%
(& L

Optimum 4k
Ammonium inhibition and
o other influences can lead
Saureblliende Methanproduzierende to deviations,
P IS A
PR optimum temperature
depends on waste
. Compostion

45 47 49 51 53 55

57 50 61 63 65 G A B 0 T s 4E
Temp. °C) g, il e AR [ e 4

Optimaler Temperaturbereich J M AN 7]

DA RE Y [
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Influence of temperature on ammonium
inhibition
The equilibrium betwEeRENH Z0dPéH] Bajsts according to

to temperature and pH - value.
NH4 Al NH3 [f B RA] =, DA R EERT pH A 7] 1 A [
Remarks: NH, is a toxic form of nitrogen

. NH3 B A 2 Increase in t.e.rrllperature IeaQs to
stronger inhibition of Ammonium!

i PR T v o 2z ) 9 4

NH , Increase in pH — value leads to
stronger inhibition of Ammonium!

pH {H BTN = 1 2 i 1 11

If both are increase, there will be
NH, a doubled tendency towards
Ammonium inhibition!
WP F A m, A A
VEH 3 2 1%

Folie 45 Prof. Dr.-Ing. habil. Werner Bidlingmaier, Lehrstuhl Abfallwirtschaft
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Anaerobic degradable, org. substance (oTSana)

RE ] FEARE PV R (oTSana)

oTS (% TS) the content of
100% N \
ower is the
o . ¢ Messwerte
5% k. * e e — Regression
' Ay
80% 220 §
o kA
(s]
60%
20% . oTS (%TS)
40% 100%
0%  25% 30% 35%  40% 45%  50% 0% ] -l . I\F/;esswefte
— Regression
TS (% FS .
e 80% \\
®
content of 70% \\
&

o N
60% SNy
50% ™

40%
20% 25% 30% 35% 40% 45%

TS (% FS)

A | AL
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Degradation and fermenter
loading
Abbau
kg Biogasy, / kg oTS input ZB
1 1 1 1 1 1
09 Hoher Anteil Durchschnittliche
’ | Kichenabfalle Abfallzusammensetzung
0,8 // D\: ————_ Hoher Anteil
0,7 —] ohN———110 Grunabfalle
| \ - o 0 AT N
02 \ =]u) (- e | \
il SN — o ﬂ_ﬁ%‘-_-—.&;___ﬂ__
0,3 . —v— /
0,2 5] —]
0.1 kg Biogas tr/kg oTS input ZB = 0,802¢ ~0:0336 kgTS(input ZB) /m3.d)
0 t I t t t i t i t i
0 2 4 6 8 10 12 14 16 18 20 22 24 26
Fermenterbeladung- kgTS (input ZB)/m3.d
0 Messwerte Exponentielle Regression

Fermenter loading: 5 kg oTS_ ./ m**d

KRR & 2 & 5 kg oTSana / m3*d
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CH,-content with discontinuous loading

A ETRMAET R R RS E

CH, - Gehalt, Biogas
65%

- —— —  Fermenter .
Fermenter Start Beschickung
—_— —  Total /
0% T /= /X s | e

N

/=-._ ~ = N

/ | —\ A g N

5% \v\ _//\\\’ . 7 i_ e
A=\ \

Ende Beschickung ~\

50%
00:00 04:00 08:00 12:00 16:00 20:00 0000 0400 0800 12:00 16:00 20:00
Uhrzeit

The example shows a12h — loading cycle in a plant with
two fermenters.

XA 7 IR B — DA KEERE, B 12 NI IR )
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CH,-content with discontinuous loading
B RN EF R PS8
The advantage of this procedure is, that the process can be well
evaluated on the basis of the increase and the highest and lowest points.

KR T LR, e RO AR WS, AR T R o A

Process situation good: steep increase in CH,-content after end of

loading, highest and lowest points almost
same daily

SRR I S m i TR R 3 S AR B, B R A & U
A A LT AH [H]

Prozess situation bad: few distinct time variation curves daily,
accompanied by continuously sinking

average values
MEEAL: SR BRI S E e B, B{H— K
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Guiding and limiting values, waste(l) according
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Weimar

B

to...
HinEMRRE, BEE (1) RiE
Value Unit Av. Mini- Maxi- |remarks
value mum mum
C/N-ratio 18 15 25 Too low: Ammeonium inhibition A%, %
Kjeldahl-N mg/kg 3500 - 4000 | Too high: increased formation of
ammonium Ay, 52z il
oTS-content Yo 70 65 75 Too high: too high ferment load with
0T Sana Ay, KREFHEAGHLE AL Z
TS-content % 32 30 40 Too low: uncontrolled flow in the
A% : Wit FEA Tl N KA i':'-lterwegia;edhunlﬁer' di dTs-
Green waste % 30 20 40 raises C/N ratio LT =
impurities = 2 Yo 7 0 12
mm it
ph-value - 6 5 7 tlow: points out to hydrolytic
processes in waste 1 {[T: B P& 1)Kk

F

A~

[ a [N

=

Folie 50
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Guiding and limiting values, waste (l) according

to ...

-C/N ratio, TE&‘%{E@W‘E )

Ef

R (1) H3

Bauhaus-Universitit

Weimar

/

(Total Organic Carbon / Kjeldahl-Nitrogen)

ELL, SRR /K%

i

-Ammonium is formed from K-N (measured in biowaste),
NH4/K-N is higher the higher the K-N

AGmwr AT K& PSR D

R

-0TSana/oTsS is higher the higher oTS
WBEANLS B A S G, AR

Organic acids and ammonium can be determined in their
relevant concentrations only in the anaerobic stage,
therefore only analyze the ferment substrate

A DU A28 AT RUAR 3hs DRAERDFE AR QIR BE T o

DALk e 20 A A IR ) I

NH4/K-N 5, K&ES

S
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Guiding and limiting values, Fermenter

Valua jI’T‘ |

y4 1 BN

Bauhaus- Umvers;tat
Weimar '

\Maxi¢ |remarks
mum
TS-content 30 | Visual assessment of viscosity
In reciever tank el
TS-content at % 24 22 26 | Strongly cdepends on waste
At fermenter composition
entry AR 2] A 20 T 2
Substrate °’C 56 54 57 | Optimum temperature also depends
temperature on C/N ratio: close C/IN =) {1k i A} C/N 4%,
in fermenter > [ow temperatures C/NK, MK
Temperature °C 68 | Sterilisation above 68°C
Of heating area KR T 68 ELL |
Aceticacid ;| mgl | 3000 4000
Ferment entry LR E N Zm TN R
Propionic acid mg/d | 2000 2500 [Acetic acid concentration should
Ferment entry always be higher than that of
VTR, I E i L Propionic acid
pH-value 7.3 7 7,6 | Lower values only with lower NH,
ferment entry concentration allowed L5 NHx W JZAC, A A1
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Guiding and limiting values, Fermenter

(1)

gﬁ@ﬂ& gﬁ% ﬁ%ﬁ C I
vallie ' it 7 . ‘Mini- Maxi- |remarks
value mum mum
Acetic acid £, b4 HHmgll 10 100 R G T AR B B 3 s
Fermenter exit ITEEPN
Propionic acid /A 1% , mgll 100 200 Danger of a step up with
Fermenter exit 4 i i 4 higher concentrations
pH-value - 7.4 7.2 7.8
Fermenter exit QR IBLINAE (!
Ammonium NH,-N mg/l 2000 2600 | Adaption to higher values
L possible over many
= months
Fermenter load with ka/(mx 5 6,3 [assumption: complete ZAH: A1
0TS d) conversion of 0TS, to i Hl % AL,
Biogas polas L/
Biogas output Nm“/Mg 110 139 Densitg of biogas: 1.24
kaNm® W) s
iron mg/l =05 Guiding value
Nickel mall > 0,3 Guiding value
cobalt mg/l > 2,3 Guiding value
Molybdenum mall =05 Guiding value
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Acid profile and influence of AL
Ammonium
Normal behaviour !
Acid reduction takes place
With the expected profile
Input | | Output EA%H%’;{S! S
S Ammoniun - 32 AT T T
'\,\.""'*--._____Es:s_igséure
Propionsaure’ —— ' — - -—:-:‘.‘:'_T—_;._ =
First signs acidification !
Propionic acid reduction shows
| | Very little profile, whereas acetic
nput N Ammonium e OULPUE Acid gets reduced well.
B ':L'"‘t:.;:_-— _____ _Propionsaure | ™ First measures to be taken
Essig&ﬁ?e ~~~~~~~~ FRAC I HRFAIE !
—= AR B R EA I 2, Stk

[l PR AR 1 S R A it
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Acid profile and influence of
Ammonium
R B FFAE R R
Propionsaure —_— Advanced acidification !

Input |7l A OUtEEt Propionic acid increases instead

“"‘,‘E;;@;ﬂe— _______ of decreasing , reduction of acetic
acid is strongly affected. Urgent

Measures to be taken
i

AR UAR R 88 0 1T AN A2 FAIR
LR K. fREy b
R H A it
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