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1 Characterization of the simulation model

The simulation program SimuCF simulates the complex connections between most important bio-

logical degradation processes in the field of waste management under aerobic and anaerobic con-

ditions, meaning rotting and gasification of biogenic waste and combined disposal operations. Here,

mainly mathematical basic equations, physical laws and stoichiometric calculations were used. It is,

therefore, assigned to the deterministic models.

After setting the initial conditions, iterative values are displayed in constant recalculation considering

the dependencies. The preset parameters can be altered within the running simulation.

The program’s main characterictics are:

No strict separation between anaerobic and aerobic systems

Many options for operation

Thermodynamic effects included

Thermophilic conditions and passive ventilation included

Correction factors are integrated as changeable assumptions
Spontaneously occuring temporary temperature rises are predictable
Time-discrete process output, not only cumulative results

Many influences included in degradation kinetics

Water situation is fully adjustable

2 Installation

At first, the folder “SimuCF.zip” has to be extracted and opened. The files displayed in Figure 2-1

are located in the folder. For installation, the “setup.exe” must be executed. To open the program,

the folder “programs” needs to be opened in Windows.

kdata : Dateiordner

_Jhin Dateiordner
_license Dateiordner
) supportfiles Dateiordner

SirmulationCF, alia... ALIASES-Datei
ESimuIatinnCF.exe Anwendung

- SimulationCF . ini Konfiguration. ..
riidist.id ID-Dratei
Esetup.exe Anwendung
}setup.ini Konfiguration. ..

Figure 2-1: Files for installation
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3 Functionality of the program

After the installation, the simulation tool can be used. When opening the program, an exemplary

simulation is running.

Unique simulations can then be launched under variation of a great number of parameters, which
will be described in the following chapter. The input of the parameters takes place directly on the
program interface.

At first, some general information are provided:

» The input surfaces highlighted in pink include the starting values of the simulation.

= White areas and green switches include further input options.

= On brown-grey areas, the results of the simulation or the starting values are displayed.

= The simulation starts by pressing the button (Ctrl+R).

* The simulation runs when "# is displayed.

= Simulations can be stopped by pressing the button (Ctrl+P).

= A reset of the simulation to the initial state is possible by using ,Reinitialize All to Default®;
this option can be found when pressing Cperate on top of the program interface.

» The input of materials is only adopted if the simulation runs (see above).

» The saving of a whole simulation is achievable by pressing Operate > Data Logging > Log in
the headline; for this purpose, you have to prepare a file.

= Saved simulations can be loaded by using Operate > Data Logging > Retrieve in the head-
line.

= For batch simulations, the simulation time is extended, therefore, it is needed to wait until the
simulation stops by itself.

= The process is only feasible if diagrams and numbers are constant and no warning lights
appear in the middle of the program interface.

= Thus, it is a requirement to reach a steady state without warning lights.

» |nputs and outputs happen simultaneously in batch processes.

3.1 Examples of application with the program

Individual examples for anaerobic digestion and composting are included which are anaerobic di-
gestion of leaves and composting of food waste respectively. Settings meant for the examples will
be included as shown in Figure 3-1. For ease of identification in the following manual, the interface
of SIMuUCF is well defined into 21 zones labelled in alphabetically order, shown in Figure 3-2. All the
zones are named individually as shown in Figure 3-3. Clear numeration has been created for fields
found in SimuCF interface shown in Figure 3-4. A graph shown in Figure 3-5 is the result aimed to

be generated with SimuCF.
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T

: Anaerobic Digestion of Leaves: i
|

|

: ...... content ......

b e e e e e e e e e e e e e e e o e e e e

T

: Composting of Food Waste: i
|

|

: ...... content ......

b e e e e e e e e e e e e e e e e e e e e e

Figure 3-1: Step-by-step guidance for setting up simulation interface according to examples given

21 Zones

Figure 3-2: Well defined zones (total 21 zones)

A Basic starting values K Material by components

B Reactor casing L Biowaste-mixture by preset shares

C  Material characteristic M  Additional components

D  Duration of treatment N  Additional structure fraction

E  Charge (batch/continuous) O  Additional fluid output characteristics
F  Inoculum and lag-phase P  Graph selection and legend

G  Aerobic parameters Q  Graph illustration

H  Anaerobic parameters R Gas output

| Reactor form S Laboratory reactors results

J Components degradability T  Input overall sum

SC  ShortCut

Figure 3-3: Naming for individual zones
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Figure 3-4: Numeration for each field in SimuCF
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Figure 3-5: Graphs of comparison between laboratory experiment and SimuCF simulation
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To run the simulation, the following information about the input substrate should first be determined

and analysed.

1. Physico-chemical analysis

Structure dry solid content (also known as total solid content (TS))
Degradable matter dry solid content (also known as volatile solid content (VS) and
organic dry matter (oDM))

Structure weight (also known as inorganic content and ash content)

2. Bio-chemical analysis

Carbohydrates
Starch

Amino acids
Hemicellulose
Fats

Waxes
Proteins
Cellulose

Lignin

3. Type of materials

Straw

Wood

Barks

Leaves

Grass

Fruit (e.g. apples)
Potatoes
Vegetables (e.g. turnips)
Grain (e.g. wheat)
Pulsess (e.g. peas)
flesh

fish

4. Heavy metals concentration

Iron

Zinc
Chromium
Copper
Nickel
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= |Lead

=  Cadmium
These initial values are then converted to match the units mentioned in the SimuCF interface before

being entered into the respective fields. For a simulation to run more precisely, input information for

category 2 (Bio-chemical analysis) is preferred over category 3 (Type of materials).
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Anaerobic Digestion of Leaves:

= Zones important for input information in order to simulate anaerobic digestion process are
zones B,C,D, E, F, G, H, J, Kand L.

SimuCF

et G e e

= |nformation about input substrate that are obtained from laboratory analysis are as follow:

Physico-chemical analysis

Water content %FM 50.12
Total solid content (TS) %FM 49.88
Volatile solid content (VS) %TS 92.36
Ash content/Inorganic content %TS 7.64
Bio-chemical analysis

Carbohydrates (wet) kg 1.7054455
Starch (wet) kg 0.00
Amino acids (wet) kg 0.00
Hemicellulose (wet) kg 0.8789604
Fats (wet) kg 0.0393564
Waxes (wet) kg 0.00
Proteins (wet) kg 0.4722772
Cellulose (wet) kg 0.8264851
Lignin (wet) kg 1.3774752
Heavy metals concentration

Fe mg/L 0.3206
Zn mg/L 0.1299
Pb mg/L 0.0030
Cd mg/L 0.0006
Cr mg/L 0.0091
Cu mg/L 0.0234
Ni mg/L 0.0032

Open the SimuCF software.

on the upper left conner of the interface.

Simulations can be stopped by pressing the button (Ctrl+P) or @ button that is located
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: Composting of Food Waste:

|
| C,DEFGH,IJ andK.
1

4.1 Material

SimuCF

= Zones important for input information in order to simulate composting process are zones A,

The input field for dry matter of the material is located in the upper part on the left side of the input

surface, shown in Figure 4-1. If there is nothing given, this value is 50 weight-% or can be chosen.

There are two terms to define: “degr. mat. dry solid content [C4]” is the degradable fraction, “structure

dry solid content [C5]” is the non-degradable structure material.

degr. mat. dry solid content (weight-%)
+50,00

structure dry solid content (weight-%)
ﬂS0,00 (e.q. lignin, minerals)

Figure 4-1: Adjustment of the dry content (Zone C)

= The data obtained from physico-chemical analysis is required to fill up fields C4 and C5.

Physico-chemical analysis

Water content Y%FM 50.12
Total solid content (TS) %FM 49.88
Volatile solid content (VS) %TS 92.36
Ash content/Inorganic content %TS 7.64

= C4is defined as the VS content in fresh matter (FM).
Volatile solid content X Total solid content X 100%

=0.9236 x 0.4988 x 100% = 46.07%

The degradabilities of the single substances [J1-J3] are based on assumptions and can be changed

within the program on the left side of the input surface, if needed (Figure 4-2).
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Figure 4-2: Degradabilities of substances by percentage (zone J)

I I
: |
1 = The degradabilities could be changed when see fitting. In this example, J1 is set as 90%, :
1 . I
I J2 as 80%, and J3 is set as 45% (default). I
I 1

With Figure 4-4, the 8 different input methods will be shown and described:

1. Enter material input with substrates (e.q. straw, wood, crust, sheets, fruits, meat etc.).

For this purpose, the values can be directly entered into the boxes marked in red color [L5-L16],

which has to be confirmed and converted into constituents by pressing “use values [L1]” in the blue
box. The constituents would only show after the simulation is pressed “to run”. “Set zero” [M11]

could be clicked until a green light in turned on, in order to delete earlier inputs and define new waste

categories, waste models or to carry out a direct input.

2. Enter material input with different waste categories incorporated in the program.

Use the grey drop-down button in the yellow box [K2] (Figure 4-4) and confirm with “0.k.” button next
to it for option selected. The constituents will only appear after the simulation is pressed “torun”.

The waste categories contain pre-defined biochemical compositions and values according to litera-

ture. Examples of waste categories available are:

=  Sewage sludge

= Green garbages

= Household wastes

= Org. household wastes
= Organic wastes

* Newspaper

= Paper fibers

= Database (Hint: [K1, K2*a and K2*b] become visible after “database” is selected, shown in Figure 4-3)

Page 12 of 33



SimuCF

= All zero (Hint: this option is selected if earlier inputs under [K5-K13] are preferred to be deleted, to define new

waste categories or waste models or to carry out a direct input.)

tumn over at day: ﬁo_l | database: check waapfu'pera:urs - aeration - charge
aeration at day: until: % own material 1 “lid
J CRRE

input own material
| -

Figure 4-3: Hidden functions of "database" (Zone K)

Materials to Nutrients 1) add (+)
* database <> am -

DM to wet (incl. structure)
a—

Input Materials

(Calculation): max. material potential (charae):

3. Enter material input with six waste models incorporated in the program.

Six waste models (biowaste el to €6) are chooseable, details about each waste model are shown

in Table 1 that could be again access through “show” lever [L4] in the SIimuCF interface. These waste

models can be selected with the help of the grey dropdown button [L3] in the orange box (Figure

4-4) and confirmed with “0.k.” button next to it. The materials are automatically converted into their

constituents (carbohydrates, starch, fats etc.) ([K5-K13], green box in Figure 4-4) after the simulation

is pressed (2] “to run’.

Table 1: Details about biowaste experiments el-e6

[L3]
Status
Description

biowaste el
Model waste
Easily degradable kitchen waste com-
pounds

biowaste e2
Model waste
Easily degradable kitchen waste com-
pounds, high concentration of inor-
ganic substances (e.g. sand and soil)

Season (during which  Winter Winter
the waste is obtained)
Waste compositions
Apples Apples
= Potatoes ‘ 7% = Potatoes 4%%
= Turnips 15% % = Tumnips
Wheat
Wheat
29 Peas 28%
m Peas
Meat powder
Meat powder 43% Wood 220
0,
Wood mLime 1%10 »
mlime = Sand
Aeration rate moderate =
Water content (%) 49-50 54
pH value 6.1-6.5 6.3
Bulk density (Mg/m?) 0.8 0.7
N-content (%) 1.8-1.9 14
Organic content (%) 82-85 76
C/N ratio 20-25 24
Dry mass (kg) 31.30 60.55
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[L3]

biowaste e3

biowaste e4

Status
Description

Season (during which
the waste is obtained)

Model waste

Rich in green waste compounds, con-
taining some fractions of kitchen waste
Autumn

Real waste
Waste is first anaerobically degraded
before composting process

Waste compositions Apples
1% 2%
= Potatoes '
= Wheat . = Digestate 18%
7%
Peas ' 1%
Meat powde
Straw
Barks 2l
m Leaves Wood
14%
= Lime
= Sand
Aeration rate - -
Water content (%) 53 60
pH value 6.0 8.0
Bulk density (Mg/m?) 0.2 0.5
N-content (%) 15 1.2
Organic content (%) 66 39
C/N ratio 21 8
Dry mass (kg) 17.95 35.00
[L3] biowaste e5 biowaste e6
Status Model waste Model waste
Description Rich in green waste compounds, con-  Easily degradable kitchen waste com-
taining some fractions of kitchen waste pounds
Season (during which  Sping, Summer Winter
the waste is obtained)
Waste compositions Apples 1% 1% Apples
= Potatoes {
. = Potatoes ‘ 7%
. \:Iehaesat ’ 70/} = Turnips 15% %
1%
= Meat powde Wheat
29
St
raw 2704 = Peas
Barks
Meat powder 43%
= Wood
14% Wood
=Lime
= Sand mLime
Aeration rate - Intense
Water content (%) 43 49-50
pH value 10.8 6.1-6.5
Bulk density (Mg/m?) 0.2 0.8
N-content (%) 0.6 1.8-1.9
Organic content (%) 64 82-85
C/N ratio 12 20-25
Dry mass (kg) 25.00 31.30
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4. Enter material input directly with values.

Fill in values for the following directly ([K5-K13], green box in Figure 4-4):

= Carbohydrates
= Starch
= Amino acids

=  Hemicellulose

= Fats

=  Waxes

= Proteins
= Cellulose
= Lignin

These values will be read in for simulation after the simulation is pressed “to run”.

SimuCF works best between 1-1000 kg. However, input and output values can be scaled within each
case (x0.1, x10, x1000 etc.).

5. Enter material input through conversion from dry to wet solid matter (kq).

This has to be done if material is given as dry matter. Use, therefore, the button in the purple box
[K4] (Figure 4-4) (click it to light up in green). Changes would only appear after the simulation is

pressed “to run”. The calculation is based on literature for some of the waste models, the waste

categories and the single materials. Besides that, dry contents are changeable or choosable if noth-

ing is given.

6. Enter material input by choosing material from a database.

Select “database” within the dropdown button [K2] in the yellow box (Figure 4-4) followed by the

selection of a substrate (ID) [K2*b] that later shown on the appearing menu [K2*a] (Figure 4-3).

After selection is completely made, the selection is confirmed with “0.k.” button next to [K2]. Values

from the database would be read in after the simulation is pressed “to run”.

7. Enter material input by filling in own material.

As mentioned, [K1] would only appear after “database” at [K2] is selected and the simulation is
pressed “to run”. After [K1] appeared, click on the area “input own material” [K1], until a green

light is turned on. Own material is then defined in the lower area of the interface [T1-T28, Zone T].
Fields in zone T require information on dry matter (DM) instead of wet matter that are listed from
[K5-K13].

8. Enter additional material input on top of existing quantities.
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An addition on a percentage basis to already existing quantities is possible. Fill the white areas [M1-
M210] with values and confirm with “o.k.” button (highlighted in the black box in Figure 4-4). “Set zero”
[M11] could be clicked until a green light is turned on, in order to delete earlier inputs and define new

waste categories, waste models or to carry out a direct input.

An addition of the values from the orange and red marked boxes to the input materials by using

“add(+)” [K3] and “use values” [L1] respectively.

Actions would be read in after the simulation is pressed “to run”.

The field under “Input Material (Charge)” under Zone C, as shown in Figure 4-8, shows the wet

content in kg.

g J g,Q_O gIEOO Materials to Nutrients 1) g add (L) “Materials 2 GrEp0
| m - . all zero V‘o.k.l
Input Materials || UM to wet (ificl. structure) +| K3 I ‘ a7
(Calculation): . material potential (charge):
IHK_S_ carbohydrates weiiht (we 1 (M2Nese fg oM straw weight (wet) (kg) 5
Inform s ey Yoty &
P - aoo | 32 |[15128 0 %10.00
itk . starch weight (wef) (kg) 2 —res wood weight (wet) (kg)
starch Th=s §|600 ' 1,32 = ysevalues | @ 3‘“0,00 |
amino {— amino acids weighit (wet) (kg) (straw ... fish) 2) barks weight (wet) (kg)
el b i
ats 459 micellulose weijjht (wet) (kg) eafs weight (wet) (kg)
waxs 45] K8 diz.‘m—l : é?_(rg)_J !!',W_g 9
roteins Iz b} Ll
Sellulos o fats weight (wet) (kg) 0 grass weight (wet) (kg)
X 5[6 Hia
||'9“‘ !Iw':fs weight wet)fkg) scale down or up 0.0
100,00 r <
ot K10 ﬂkwo— fact;)r fruit e.g. apples weight ( 0
133 proteins weight (Wet) (kg) / 103 days |hours #600 _
- gﬁ) 00 x 10 days |weeks potatos weight (wet) (kg
Ll L11
cellulose weight (Wet) (kg) x 10E+6|days |months g’(-),DO )
- §|'[71,30 add (+): carbohydrates (%DM) gvegeta €s e.g. turnips wj 12
s ignin weight (wet} (kg){ |, oo | 3) !5,00 ..
QW starch (%DM) p grain e.g. wheat weight
' e e[ ] | g
CO/N = ” | Smo s (%DM) deIses e.g. peas weight (f
aerobic: optimum: }0—00
anaerobic: opt. 10 - 16, rI M3 H](_)OO i
g\';value P | emicelulose (%DM) . esh weight (wet) (kg) s
5 5—‘00
ma  Efo,00 |
max. values heavy metal: .3 = ) ish weight (wet) (kg) 6
iron: 9800 mg/I 1 2 oo
zinc: 111 - 4800 mg/| one or more greate{  M° FBOO !1__'9_0___|
chromium: 200 - 2100 mg/L | waxs (7DM)

default: no
copper: 89 - 1200 mg/I 1 M6 Hﬁ 00
nickel: 62 - 1000 mg/I proteins ILoDM]
M7 }5,00

lead: 650 mg/I

cadmium: 73 - 290 mg/| B‘TW_!
cellulose (%DM)

[ structure fraction:
M8 FEOO inorganic£9- sand weight (w
] ignin (%2DM)  tryctifre fraction: save values 4b,00 I-
mo  Fio00 S

jary solid content (weight-%) aved values 2dd struct. weight (

| M10 H 50,00 §_|f600

Figure 4-4: Overview of the material input
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= |nformation about input substrate that are obtained from laboratory analysis are as follow:

Bio-chemical analysis

Carbohydrates (wet) kg 1.7054455
Starch (wet) kg 0.00
Amino acids (wet) kg 0.00
Hemicellulose (wet) kg 0.8789604
Fats (wet) kg 0.0393564
Waxes (wet) kg 0.00
Proteins (wet) kg 0.4722772
Cellulose (wet) kg 0.8264851
Lignin (wet) kg 1.3774752

| |
i 1
1 |
i 1
1 |
i 1
1 |
i 1
1 |
i 1
1 |
i 1
1 |
i 1
1 |
i 1
1 |
: Heavy metals concentration :
I Fe mg/L 0.3206 |
I Zn mg/L 0.1299 :
I I
i 1
1 |
i 1
1 |
i 1
1 |
i 1
1 |
i 1
1 |
i 1
1 |
i 1
1 |
i 1
- |
: |

Pb mg/L 0.0030
Cd mg/L 0.0006
Cr mg/L 0.0091
Cu mg/L 0.0234
Ni mg/L 0.0032

= With these informations available, method 4 could be used, by filling in values in fields K5-

K13, green box in Figure 4-4.

= Since the heavy metals concentration mentioned in the table do not exceed the max. values

heavy metals required by the SimuCF, therefore K17 does not need to be switched on.

4.2 Additional information

The bulk density [Al] and the density of the structure material [A2] are partly specified through the
materials picked. The material temperature [A4] at the beginning has to be selected or adopted ac-
cording to the process. The pore volume [A6] and the setting of the material [A7] are especially
important for the aerobic degradation and can be estimated if necessary. It is, furthermore, possible
to adapt the room temperature to the environment [A3]. This can lay between -40 and 80 °C. The

information can be filled up in Zone A, as shown in Figure 4-5.

auuis

Input Parameter (starting values): yes
. DM:dr)/malter
bulk et) (Mg/m3)  pore yadmteliy\|

s L2 g0 L |
stru ty (wet) (Mg/m3pettl T (b 0ld20 °C =

%0'6 A2 ﬂ 1 A7 I A8 ar)
air temp. env. (°C —

ﬂ 20 A3 i i:.r-s:\ge?;fsum heat loss (G]/d)
temp. ma;erla (°C) [00002 ﬂ 0,0000
isolation? _ water mass (kg)

ﬂZO _ ) - ﬂ 30,00 0=0ff

@ heat without degradation t = congt? temp_dif. -

| - temp 43 |

P e P —

Figure 4-5: Input of additional information (important for aerobic degradation) (Zone A)
Page 17 of 33



SimuCF

4.3 Further materials and/or contents

Calcium carbonate [L18], ammonium [L22], nitrate [L24], sulphate [L26], methanol [L28] and iron (Il
or 1) chloride [L29, L31] can be added under “surcharge materials”. A defined day can be selected
for this addition [L18, L21, L23, L25, L27, L30]. If there are absence of surcharge materials, ‘set zero’
[L17] could be switched on to erase the existing values that are already in the field. Mentioned fields

for input of surcharge materials can be found in Zone L, these are shown in Figure 4-6.

Suscharge Materials
& et zeno WCH4 {I/kg oDM)
16,71

day: calcium carbonate dry weight (kqg)
I L18 E ||§1 2| L19 5.00' 120 lt the beginning only)

ammon. content (mg/kg oDM)

121 Eo ”aﬁl 122 |-|4+} N%ODM (start)

ol 3
o L
=t =
o
o
E

nitrate content (ma/kg oDM) 0 51
HO ” |UI L24 s 5 %DM {start)
sulfate content (ma/kg oDM) erric (1) chloride (kg)

| o5 Bo [&o] = | \ ferric (I) chioride (kg)

‘methanol (kg) I 130 H_H_(i 131 I(II density: 3,16 Mg/m?)

(Il: density: 2,9 Mg/m3)
| E i i Inslty 1,3 Mg/m?)

Figure 4-6: Input of surcharge materials (Zone L)

Inorganic materials like sand [N1-N3] and non-degradable material [N4-N6] can also be added ad-
ditionally in Zone N on top of C2 from Zone C. These are shown in Figure 4-7 and in Figure 4-8. The

values inserted at [N1 and N4] should then be confirmed with “0.k.” button next to it. Whereby the
values will be read in for simulation after the simulation is pressed “to run”.

structure fraction:
. A . i ; _0,
inorganics  e.g. sand weight (wet) (kg)  sand dry solid cont. (weight-%) sand DM to wet

structure fraction: save values 0,00 | N3 h (dry density: 1,5 Mg/m?)

t (weight-%) aved e add struct. weight (wet) (kg) struct. dry solid cont. (weight-%) structure DM to wet

ﬂﬂ;. | ne | (dry density: 0,3 Mg/m?)

Figure 4-7: Input of inorganic materials (Zone N)

Input Material (Charge): | S temp.§3 | ‘ 0,00000
degradable mat. weight (wet) (kg) degr. mat. dry solid content (weight-%)

62 | a | §/50.00
structure weight (wet) (kg) structure dry solid content (weight-%)

ﬂ’0,00 I c2 I | ﬂso,oo | (e.g. lignin, minerals)
degradable m. coeff. of degradability (%DM) Vgas out (m?),

1prod.
=

Figure 4-8: Input for inorganic content (Zone C)
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»= The data obtained from physico-chemical analysis is required to fill up C2 in Zone C.

Physico-chemical analysis

Water content %FM 50.12
Total solid content (TS) %FM 49.88
Volatile solid content (VS) %TS 92.36
Ash content/Inorganic content %TS 7.64

Mass of volatile solid content
Volatile solid content (%TS)

53 kg
92.36 %TS

X 7.64 %TS = 0.4384 kg

4.4 Form of heap or reactor

experiment is 5.3kg, the volatile solid is calculated to be:

= C2 is defined for inorganic content or ash content. Since the volatile solid required for the

X Inorganic content (%TS) = Mass of inorganic content

Via a pull-down menu on the left side of the input surface in zone | as shown in Figure 4-9, the form

of heap or reactor can be specified. A choice between triangular or trapezoid heaps and cylinder-

shaped, drum-shaped, spherical or box-shaped reactors is possible [I1]. By specification of height

[15], width [I4] or diameter and length [I3], the volume of the material is calculated. A free volume can

likewise be inserted in the field “V+ (m3)” [I7]. This is changing the reactor size but not the material

guantity. The angle “a” [I6] must only be included for trapezoid heaps. In the dropdown menu, the

used data for calculation are visible in the brackets behind the form of heap or reactor (e.g. “box

(b,)™). The calculated volume is shown in the illustrated graphic.

The material quantity in kg can directly be inserted centrally in the lower part of the input window or

is calculated with help of the volume, [L34] shown in the red box in Figure 4-10.

heap form

I 11 Iojlinder(b) T‘

| (m | _(m)

_I e‘ 0,4 13 |
2 bor d (m)
auto. from VO (m?) and b or d (m) I 04 14 |

h (ml—~b_Lm)
A\ #05 ° 4|
degpeala
a s| |

b2 ! T atus
p! AO,O 17

Figure 4-9: Input for form of heap or reactor (Zone I)
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straw ... fish: DM to wet (without structure)
. 2| 132
g3traw ... Tisn: 7sUM to wet of weight (DM} (kg)

el BREE

o (DM) (kg)

160,00 | | auto. from V (m*) to kg (DM)
f—  (from heap form)

then choose material 1) or 2) or 2)
materials to nutrients: DM to wet (without structure)

- )
136
add cares ... lignin: wet to DM

- 2

L34

L35

L37

Figure 4-10: Input of material quantity (Zone L)

4.5 Isolation and waterjacket of the reactor

It is possible to choose within the program whether there is an insulation of the reactor/heap. Fur-
thermore, expected heat losses and additional energy input by a water jacket can be entered. The
water temperature inside the water jacket is assumed to be constant or is simulated as following the

material temperature.

The setting of the named parameters can be conducted in the box outlined in Figure 4-11. By press-
ing the switch under “isolation?” [B3], the system can be identified as isolated when the green light
is lit on. According to that, the value on top is defined [B1]; either it is named “degr. heat” (energy of
degradation) or “heat loss”. Besides that, a further heat loss can be mentioned at [B2], which con-
cerns the guestion of whether there is a heat loss in case of isolation. If the system is completely

insulated, no water amount must be added.

The amount of water can be inserted in the pink field [B4]. A value of 0 means that no water jacket
is present. If the indicated water mass is too low for the given temperature, an automatic increase

takes place.

The energy needed is represented by the amount of water in the simulation.

Casing:  peat foss (G/d)
isolationr— water mass (kg)
—AI 83 HTO0,00 B4
t = const.? temp.diff. (°C)
_I BS HB I B6 I

Figure 4-11: Input for isolation, temperature control and energy (Zone B)
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I I
I I
: = The anaerobic digestion during the experiments is well isolated at the constant tempera- :
| ture of 38°C. l
i B3 is switched On. i
: B4 is set at 0 kg. :
: B5 is switch On. :
: B6 is set at 38 °C. :

4.6 Process selection and duration

The simulation of a semi-continuous process with selectable time intervals for the input can be per-
formed with the help of the switch in the middle of the input window, at Zone E. Therefore, the switch
in the green box in Figure 4-12 has to be shifted towards “yes”. The used amount of material is
divided through the number of batches, which is why the same amount is considered like in a batch
process. The number of charges can be inserted in the pink field [E3] in the blue box in Figure 4-12.
The number corresponds to the difference between the single batches (in days). For a value of “1”
in the field of [E3], the process is quasi-continuous. In this case, the button on top [E2], next to “quasi-
cont.” can be pressed, which indicates that the startup phase is not included for the addition.

The points of time for the batches can also be defined separately for every time step, to this end, the
settings from the red box in Figure 4-13 can be used. By converting the local shift to “man.” [S6], the
days shown in the white field [S7] are defined as times of addition. For this purpose, the green button
[S8] has to be activated for each day (lights up in green). Additionally, an automatic addition is de-
finable, which can, subsequently, be edited (deletion, addition of days). The button “all no” [S9] de-

activates all inputs.

im0 WY ‘

£2 | guasi-cont?

non-degr. mat
avary Xdays & 10 E3
degrad. tima) !]
input with 2ir? E4

=T cvan.

Charge

charge cont.

Figure 4-12: Inputs concerning process time, condensate and mode of operation (Zone D and E)

non-degr. mat. cutput faat) fg)

3t dsy: non-degr. mat. output {wet) (kg)
10 |0 I s2 I ] 5‘2 0 ”0 I;:a fwat) kg
s1 f s3 s4 S5

1

chargainput st day

V- o @
S

34 o

Figure 4-13: Further options for the times and amounts of inputs and outputs (Zone S)
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The option to define the process time is likewise pointed out in Zone D, as shown in Figure 4-12
(marked in red). In the field of [D1], it is possible to define the process time by a fixed value. The
switch in the red box must be flipped down for this purpose. A value (in days) can then be inserted

in the pink field. For long processes, the simulation may take some time.

Furthermore, the program is able to find a value automatically by determination of the time at which
80 weight-% of the material is degraded. In doing so, the switch [D2] under Zone D has to be shifted
upward (“auto.”). The start day should not be too wide away from the necessary day, to keep the

simulation time short.

T mmmm—m—m—m—mm—m e m e I
: Anaerobic Digestion of Leaves:

= The length of the experiment was 70 days,
D1 is set at 70 days.
= Since the experiment was batch process,

E1 is then switch to No.

4.7 Configuration of the ventilation

The most important choice exists in case of the fundamental process: Without aeration, primarily an
anaerobic degradation takes place (for example: alcoholic fermentation) and, with aeration, an aer-
obic degradation is simulated (for example composting). For adjustment, the switch [H2] in Figure
4-14 in the red box can be switched to either left or right ‘without aeration’. When the switch is turned
to the right, an anaerobic process takes place; if it is turned to the left, an aerobic process is simulated

by the program.

If the switch in the red box [H2] is flipped to left, an aerobic process is simulated. There are several
possibilities to define the input of air. At first, there is the green rectangular button [G4] on the top
right in the right brown box in Figure 4-14, which can be switched on or off. If it is switched on, it
lights up in green. Modification of data can be executed in the area of the left brown box [G1*, G1-
G3] (Figure 4-14). There is the opportunity to switch the pink slider on “file” [G1], which makes it
possible to perform a continuous increase of the presetted values for ventilation. If the slider is
switched on “man.”, the ventilation for every single day (“Time” corresponds to the days) can be
specified. If the [G4] is switched off (no light), a continuous ventilation in m3/h can be defined. The
input field below “aeration rate max.” [G6] in the right brown box changes to a pink input field. In this
case, it is feasible to tilt the switch [G4*] next to the field to simulate an ideal ventilation. This can be
seen in the green box [G4**a-b]. The values are calculated according to the stoichiometry of the
biochemical reactions. Additionally, the precision of the ventilation can be adopted. Therefore, the

input field below “+/- x %” [G5] in the right area of the brown box can be used.
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If the switch [H2] is flipped to an anaerobic process (right), there is still the possibility to simulate an
input of air into the system. This is achievable by pressing the small button [H1] to be lit up in green.
This simulates an anaerobic process with air introduction. The introduction of air is defined in the
same way as in the aerobic process. Such a simulation can usually be described as a “failure”, for

example because of leakage incidence.

Alternatively, the abovementioned ventilation can be adjusted for a defined time period under the
yellow box in Figure 4-14. For this case, [D2] must be shifted upward so that the duration from
beginning to the end can be defined in days. The opportunity to simulate a turnover for single days
(“turn over at day:”) of the material is also possible in fields [H3-4]. Then, the pore volume of the

material surface with 10 cm depth is simulated as gas volume.

Intermediate processes dependant on the amount of air and can also be simulated. Furthermore, it
is possible to perform a change between aerobic and anaerobic (milieu condition) as shown in the
blue box in Figure 4-14. With the help of the “before/after” [C7], the already degraded or the residual
substrate from the specified day is displayed [C9]. If an aerobic process is simulated and the button
“0.k.” [C8] has been pressed, the simulation will change to anaerobic and vice versa. With this fea-

ture, optimizations and changes in the process can be simulated.

Moreover, it is also feasible to define the relative humidity of the input air [G7] and air temperature
[G8] as shown in Figure 4-14.

ideal aeration rate
Time I/h

**a 5 * Kk
- &b—l :j=gr. mat. (DM) (kg)
aeration file/man. l

file/man. Time I/h A£D0D1d e 0. Aeration
Gl ol = !1 295,000 aeration rate max. (m’ /h).q— = -

I AYAnEE opt. aeration rate X T

add x(l ‘h) cont. 70.00
airn ke idity (RH-%) -

-] e

aer./anaercbic changes at day

G5 W
. ]sanitationf
emperature (°C

ithout aeration
water co

turn over at day:
aeration at day: until:

[y ] ]

Figure 4-14: Inputs for process selection, aeration and turnover (Zone C, G and H)
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= Since fermentation happens in anaerobic condition (without air/oxygen),
H2 is switch to the ‘right’ (without aeration).

= Since inoculum is added into the reactor at the beginning of the experiment,

: —
T
F1 1300 500 800 1000

F1 is switched on (green light), whereas

1
I
1
I
1
I
1
I
anaer.< I
I
1
I
1
I
1
F2 is dragged to the most left to indicate zero lag-phase. :

4.8 Configuration of the water situation

The supply with water by precipitation or irrigation and evaporation can be simulated by SimuCF.
Additionally, it is possible to calculate the missing amount of water for a water content of 50 weight-

% and to keep this value on a constant level over the degradation time.

The adjustments for water supply and evaporation are demonstrated in Figure 4-15. In the red box,
information about the evaporation can be entered at a specific time (indication of day and mass)
[G10-12] or continuous (mass per day) [G13]. A combination is also possible. In the green box, the
same configuration option for the water supply is given. Besides that, there is the possibility to sim-
ulate a recirculation of the evaporated water. Shift the switch [R9] in the black box in Figure 4-12 to

“in”. If there is no recirculation, then the switch is set to “out”.

An automatic adjustment of the water content to 50 weight-% during the process is activatable by
using the button [G15] next to “auto.”. Furthermore, it is possible to define the temperature of the fed
water by the button to the right of “temp. (°C)” [G16]. The control of the water content to 50 weight-
% at the beginning of the process is feasible with the help of the button on the right side next to “cont.
w. i.” [G20].

LUTIL BN,
cu_brep. (/d) gy |
at day: 580 || i — =
—.” I rG“ 0] o | ha18.54986
(kg/d)

wat G15 uto, — g;\n |
19?9.;‘5:1#1&' G16 G17 | =Ty (kg/d)

contentfree air space temperatureoxygen ﬁ 0.082 ﬂ?._

Figure 4-15: Configuration of the water situation (Zone G)
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5 Output

After data processing, the presentation of the most important trends is displayed in a graphic form.
Additionally, single values are shown. Connections between the data are clarified by the graphical

representation and it allows a quick reading.

Enlargement and scaling of the axes are freely selectable in the green box as shown in Figure 5-1.
Additionally, a visual adaption of the graphs can be performed by a right-hand click in the yellow box

[P2] and right-hand click on the presentation surface [Q].

The time-discrete output occurs on a daily basis, but this can be changed to an output by month,
hour or week. To estimate the amounts of gas and water, freights and the degradation and emission

times for much smaller and bigger material quantities, the following Table 2 can be used:

Table 2: Conversion table for the assumed amounts of substrate and degradation times

Quantities multiplied by:

103 from days to hours
103 from days to weeks
108 from days to month

The calculated quantities must be multiplied with the given conversion factor from Table 2 to get an
estimation of the changed quantities. The factors are valid for inputs and outputs and based on

values from literature. The table can also be found in the interface under Zone K.

In addition to the graphical representation, the results of gas, water and solid material can be read

as single values. All values can be exported.

5.1 Graphical output

There are six different options (physics, N/S/C balances, Nitrogen, S/N, gas/water, and gas (vol.%))
to illustrate the outcomes, which can be chosen through the red box [P1] in Figure 5-1 by the selec-

tion from a dropdown list. The legends are then displayed in the yellow box [P2].

5.1.1 Physical parameters

The physical parameters can be found at “physics”. This includes the degradation rate, ventilation
volume, water content of the material, temperature inside the material, free pore volume, reduction
of the material volume, height of the material, reduction of the organic dry matter and the water

permeability of the material.
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5.1.2 N/S/C balance

The diagram for nitrogen, sulphur and carbon balance includes the respective atoms in solid, water
and gaseous phase in weight-%. The degradable solid material is considered here.

5.1.3 Nitrogen

The nitrogen diagram contains ammonium-N, nitrate-N and nitrite-N in the water phase and ammo-

nia-N in the gaseous phase.

5.1.4 Sulphur/Nitrogen

In the diagram for the sulphur- and nitrogen compounds, the pH-values in the water phase, nitrous
oxide (N20), produced nitrogen (N2) and ammonia (NHs) in the gaseous phase, total nitrogen (N),
ammonium (NH.*), nitrate (NO3), nitrite (NO) in the water phase, hydrogensulfide (H.S) in the gas
phase, sulphur (S) and sulphate-S (SO4%5-S) in the water phase are illustrated together.

5.1.5 Gas/Water

The diagram for the gas production and the water situation shows the gas quantities of methane
(CH.), hydrogen (H>), carbon dioxide (CO2) and oxygen (O-). Additionally, the pH value, the acetic
acid equivalent (ACeq) in the water phase, the C/N ratio in the solid phase, the accruing amount of
leachate (declared as “leachate” in the program), the quantity of surface water (not infiltrated water)

and the amount of water in the material are calculated.

5.1.6 Gas (vol. %)

In this case, the percentage gas composition is illustrated. The oxygen (Oy), carbon dioxide (CO,),
nitrogen (N2), methane (CH.), hydrogen (Hz), nitrous oxide (N.O), ammonia (NHs) and hydrogen

sulphide (H»S) are displayed in percent by volume.
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Simulation of the Composting and Fermentation Process

riority

gvaiges) gas output 104,14

e (add. - dlff =
VCOz (m?) 90,00-

l ki [6,46688 |

PP g VHz (m°) 80,00~

E@liv: R2 0100000] £ 70.00‘

wizFmaan  VCHz (M) : 60,00

—1 = [o.00000 =

(O —UNFsm) | £ 5000—vu El
] ~ ——

L 0,00008 | IR0 & rmmm mm s R ——m i S s s e s s sse
35 T VHS (m® =~ g E e
1o | 3 3000- —— ———

1 = |o00000]

" Cp1—N:0 ) 20,00~
J__ re  ]0,00000 10,00- ‘___.-"
*solj t (weight-§ 3 i

: 3 ) -5,86- 1 [ 1 1 1 1 1 1 1 1 1 1 i 1 1 1
iolidjcontent (weight-%3 -7 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
.g. lignin, miner. Time (days)

Vgas out ( 7 T | < hases ’
Tima (ays) i‘ E‘ﬂ’ graph selection ° s DH : ‘Jl
oy Ly vy p1 | Physics 4 i e e ke HRIE ‘
ate (kg) 7$ SlEate 7& o e o =
_A 11,852 | _Cha_..m_m_r— rface water (kg) T egradation (w.-%) ,
length of treatment ﬁ”— cutput non-degr ;n o1 0,000 02 aa:nra aeration (m’/d)
s it 257;“{: 1 —_Hzcrea egrad|{ ©> Sl
!1_] J"”“" Qx s rMi«élar o g o b P water c.s. (weight-%)
T C N ot N - s N | A
at da 520 £ 3dd. fkg) max. (g 2 COTS daruay: free air space (VOI.- 7o)
.y—”:l_l cis p0o0o] o Jo267 | § :

e T q/d R Yrae) 2 vol. reduction (vol.-%)| /"~
ater: ;uto il I'— %{O—I l_l-0041 bulk high (m) Fave
tzer;:f: CCx glz : I . pH value 32 m reduction oDM (w.-%)| ./
itentfree air space temperatureoxygen

gFJ 6,84 || permeability (m/d)

(light signal: not a possible process) 010 COz2 add. (k < mesophilic milieu

11,829 ous < thermophilic milieu

015 on

73 - temperatures - 2eration - charge

lutrients 1) add (+) Materials 2

S B RS
af
¥}
o
=
[<)]

014 BP 21/ R Az ===

Figure 5-1: Graphical output and single values (Zone G, O, P, Q and R)

5.2 Output of single values

The single values, which are additionally readable, will be mentioned and described in the following

part.

5.2.1 Water balance

The amount of leachate or surface water [O1] is shown underneath the red box in Figure 5-1. For
this purpose, the virtual switch [O2] can be shifted between “surf. water” and “leachate”. On the left

side next to the green box, the final amount of condensate [R10, shown in Figure 4-12] can be read.

Page 27 of 33



SimuCF

A virtual switch can be shifted between “in” and “out” [R9] in that case. This defines whether the
condensate is recycled or an output has taken place. In addition, the amount of water built via mi-
crobial degradation is defined as “H,O b. add.” [G14] as shown in Figure 5-1.

5.2.2 Aqueous phase

The values for the water phase are shown in the blue boxes of Figure 5-1 and Figure 5-2. The pH
value [010] (adjustable with the arrow keys and readable for each day [09]) and the maximum val-
ues of nitrogen [O7] and sulphur [08] as well as the sum of consumed oxygen [011] for a defined
time period (from a defined day for the last x days) are outlined in the blue box shown in Figure 5-1.
The maximum values for single compounds of nitrogen and sulphur [S10-14] are listed in Figure 5-2.
The values refer to the gas phase and the water inside the material. If there is no leachate, an output

does not happen.

5.2.3 Gas phase

The cumulative values for the oxygen consumption, formation of carbon dioxide and nitrogen pro-
duction are shown in the program surface. This information [014-16] is found in the lower black box

shown in Figure 5-1.

Additionallly, the biogas formation with different references and the methane- and hydrogen produc-

tion [S32-38] are also displayed, viewable in the bigger black box on the left side in Figure 5-2.

In the black box in Figure 5-2, down on the right, the total carbon emissions and the carbon emissions
by carbon dioxide and methane formation (C, CO,-C, CH4-C) [S63, S64 and S67] are listed. In the
black box on top, the development of the hydrogen sulphide concentration in ppm [S52] is shown in
addition to the graphical output. Thereby, a day [S51] can be chosen by using the arrow keys on the
left.

Furthermore, the total gas emissions at the end of the process are shown for carbon dioxide [R1],
hydrogen [R2], methane [R3], ammonia [R4], hydrogen sulphide [R5] and nitrous oxide [R6] in the
black box as shown in Figure 5-1. In the same box, the cumulative total gas emission value or,
alternatively, the produced amount of gas is displayed under ‘Vgas out (m3)’ [R7]. The switch on the
right side [R8] allows to change between “prod” and “out”. The cumulative total gas emission value
contains emitted carbon dioxide and emitted molecular nitrogen and oxygen, molecular hydrogen,
methane, ammonia, hydrogen sulphide and nitrous oxide. The produced amount of gas covers the
produced carbon dioxide, produced molecular nitrogen, molecular hydrogen, methane, ammonia,

hydrogen sulphide and nitrous oxide.
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Since temperature, air pressure and water vapour pressure affect the gas volume, they are adjusta-
ble [A8-9] to standard conditions as shown in Figure 4-5. The values are then converted to 0 °C with
air pressure of 1,013.25 mbar. The water vapour pressure is not considered. For a better compara-
bility, the temperature is, likewise, changeable to 20 °C [A8] as well as the switch underneath “norm-
I?” [A9]. This similar function could again be found in Zone S, [S27] as shown in Figure 5-2. If it is
switched to the right (“yes”), the temperature is at 0 °C. Is it switched to the left (‘no”), the temperature
is at 20 °C.

5.2.4 Gas-formation potential and breathability

Under aerobic conditions, the oxygen consumption (RAx) and, under anaerobic conditions, the gas
formation potential (GPx), are displayed in the red box in Figure 5-2. For an anaerobic process with
aeration in a defined time period, the GPx and RAXx is displayed [S26 and S30]. Time and measuring
period can be chosen freely in both cases [S24-25, S28-29].

At a degradation of nearly 100 weight-% of the degradable dry matter, the potential is displayed. In
other cases, the simulated process-specific gas formation or the oxygen consumption is shown.
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Figure 5-2: Output of single values (Zone S)

5.2.5 Output of the material values

For comparison with analytical data, the initial values of the organic percentage by mass of the dry
matter [K14], the organic carbon (TOC) [K15] and the C/N ratio [K16] are given. These are illustrated
in Figure 5-3.

To compare the results of the methane [K18] and carbon dioxide production [K20], the potentials
[K19] (as maximal total values) are also described. They are calculated with the help of the input
material and are displayed in cubic metre in standard state in the upper right box shown in Figure
5-3. The phosphorous (P) [K21-22] and potassium (K) content [K23-24] results from a correlation
with the help of the nitrogen content and displayed below. From this follows that, if the input material

contains no nitrogen, there are no values for P and K displayed. The same applies for the C/N ratio.
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Figure 5-3: Output of material-dependent calculations (Zone K)

5.2.6 Degradation rate and methane formation

The degradation rate (or level of degradation) of the total material [O4] is given out by the simulation
program and the aerobic and anaerobic process-specific achievable methane formation [O3]. Both
are expressed as a percentage, shown in Figure 5-1. The green LED on the right side [O5] of the
degradation rate lights up if any degradable material is degraded. The degradation rate can either
be related to the degradable or the total material (switch below). Additionally, there is the possibility

to adapt the degradation rate within the simulation program.

5.2.7 Nitrogen and sulphur values

The total nitrogen and sulphur contents are displayed for the beginning and the end [S39-42], shown
in Figure 5-2 in the small green box down on the left. The values always refer to the dry matter at

this point of time.

Likewise, the final values for the N/S/C balances of the degradable substrate in the solid, liquid, and
gas phase [S15-23] are displayed in cumulative percent by mass in the upper area of Figure 5-2 in

the green box.

Moreover, the nitrogen and sulphur emissions [S46-50] are displayed by the gas and water phase
underneath the N/S/C balances in the green box. The gas phase contains the total emissions of
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ammonia-N (NHs-N), nitrous oxide-N (N2O-N), di-nitrogen-N (N2-N), nitrogen (N) and sulphur (S) as
well as the hydrogen sulphide (H.S) [S51-53], as daily emissions and the maximum sulphur
emissions (max. S). The water phase is displayed in the green box next to it on the right and contains
the maximum ammonia-N (max. NHs"-N), maximum nitrate-N (max. NOz-N), maximum nitrite-N
(max. NOz-N) [S54-58], cumulative sulphate-S (SO4*-S) [S57] and maximum sulphate-S (max.
S04%-S) [S58] emissions.

5.2.8 Acetic acid, volumetric load and residence time

The maximum acetic acid concentrations [S43] during the simulated degradation and the volumetric
load [S44] are similarly displayed in the program. They are shown in the yellow box of Figure 5-2.

The residence time relates to the chosen or indicated degradation time [S45].

5.2.9 Further final values

The free pore volume (Vol.-%) [S59], volume reduction (Vol.-%) [S60], material height (m) [S61] and
the calculated coefficient of permeability (m/d) [S62] are additionally indicated for the end of the

process. The mentioned data are displayed in Figure 5-2 in the purple box down in the right corner.

If a sanitation [G9] has occurred or not is indicated in the area of process choice (see brown box on
the right in Figure 4-14). There, a brown-grey output area in the middle underneath “sanitation?”
displays “yes” or “no”. To fulfil the criteria of a hygenization, the process has to run 7 days at 65 °C
or 14 days at 55 °C at the least.

Page 32 of 33



SimuCF
6 Data Handling

6.1 Create logdfile

This function is used when the simulation model created is preferred to be saved and for ease in
opening the saved model in the future.
1. In order to create a lodfile:

Operate > log at completion > run SimuCF > save the file at desired location
2. To open up a lodfile:

Operate > Data logging > Log... > select a desired file > select “0.k.” > back to SimuCF inter-
face > Operate > Data logging > Retrieve... > Press a “tick” on the upper left of the SimuCF

interface > all values from the logfile created previously would appear in the interface.

6.2 Data extraction

In order to extract the data:
Right-click on Zone Q > Export > select an option from the list
There are options such as:
= Export data to Clipboard
= Export data to Excel
= Export data to DIAdem
= Export Simplified Image
The data exported is dependant on the graph selection [P1] as shown in Figure 5-1.
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