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PART |: EXAMPLE OF TESTING OF THE CONCEPTUAL
MODEL

The testing of the conceptual model was performed using the FitNesse Wiki, an automated testing tool which
uses the Framework for Integrated Tests (Fit) to evaluate user stories in the context of the developed
conceptual model. Figure S1 presents an example of such a Wiki page testing the correct computation of life

cycle inventories (LCI).

This user story is one of the first ones that were implemented. It consists of 3 input tables and of one
result table. The objective is to enter input values and check if the conceptual model gives the expected result
in the last table. Note that the text outside of tables is only comments and is never evaluated.

In the 1* table, a waste process is defined that uses 2 MJ/kg of electricity per kg of wet weight of the
input waste. This electricity is supplied by an external process called “1 MJ Electricity production (DK)”.
The 2™ table describes the elementary flows induced by the external process “1 MJ Electricity production
(DK)”: producing 1 MJ of electricity will emit 20 kg CO, into the air. The 3" table describes the waste input:
here the waste has a wet weight of 2 kg. Finally the last table computes the LCI of the process. The green
color shows that the result is the one we expected: the emission of 80 kg of CO; into the air.

This simple example illustrates how basic calculations can be tested in the FitNesse Wiki.

We want to incinerate 2 tons of waste without any remains, and we are
using 2 units per ton of the process "1M] Electricity production (DK)".

WasteProcessFixture

Amount ‘ExternaIProcess WasteProperty | edit?

-2 MJ/kg ‘ 1M] Electricity production (DK) Wet weight | true

ExternalProcessFixture

Name Flow produced ‘Amount create?

1MJ Electricity production (DK) | "CO2, kg, to air“l 20 kg/M] | true

WasteFixture

| | "1
‘WastePropeny ’ Value ‘ create? ‘
]

true

Wet weight 2 kg

LciFixture
ElementaryFlow ’Amount

"CO2, kg, to air" I 80 kg

Figure S1: Example of a FitNesse Wiki page testing the conceptual model
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PART Il: SCREENSHOTS

All numbers refer to the general overview of the interface in

“Material transfer” tab (2a):

Figure 5 of the article.
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@ _EASETECH Source: C:\Users\Julie\Desktop'case study
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“Documentation” tab (2c):
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TECHNOLOGY
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PROCESS
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“Characterised impacts” tab, “per substance” and “per process” views (2¢):

File View Catalogues

Material processes

~a

x

4 Material generation
Residual household waste, DK 2012
Garden waste

Residual household waste, DK 2001
Residual household waste, DK 2005
Municipal waste, Europs, 2010

Municipal and industrial waste, Den
Other

Source separation
Collection

Transport

MRF

Mixed waste Landfills
Material recycling
Thermal treatment
Landfill mineral waste
Ash treatment
Biological treatment

Use-on-fand
Template
4 Generation

Energy generation
I Material generation - manual
I Material generation
4 General
& Basic

I Substance transfer - per fraction

| Substance transfer - default
[l Mass transfer to outputs
ke Change of energy content
& No output

led Water content

led Addition of substances

Scenario 1

}

A

M: 1 L B
ateria

| Collection
“““fﬁ

Transport - IJ»

10km

[Dscraasa of

(eneray cont Incinerstion
du to water i
[ cvmporstion |

Development

Sierdonen_

’&:‘:}"“’"’ 360 k’]]]}—%[\mmmm of fiy ashes

=

@
I

i@

Leachate

collection Elﬂ\l'(!dm
‘ 'M

Landfil leschate |
gy a2
generation A

’G{?

Material pr... | Projects | External pr... |

s cux
Collection
Life cycle impact assessment: characterised impacts
LCIA Method:  [ILCD recommended i »| [ Show per process view
Name Compartment  Sub compartment 1PCC 2007, climate change, GWP 100a | EDIP w/o LT, environmental impact w/o LT, stratospheric ozone deph
kg CO2-Eq kg CFC-11-Eq
Sum 1002 1.214E-06
Carbon dioxide, fossi air urban air close to ground 9.238 0 B
Carbon dioxide, fossil air non-urban air or from high stacks 0.5634 0
Methane, fossil si non-urban air or from high stacks 0.124 0
Carbon dioxide, fossi sir unspecified 0.06358 0
Carbon monoxide, fossil air urban air close to ground 01791 0
Methane, fossil air urban air close to ground 0.004834 0
Dinitrogen monaxide sir non-urban air or from high stacks 0.003523 i
Dinitrogen monaxide air urban air close to ground 0.002598 0
Carbon monoxide, fossil air non-urban air or from high stacks 0.001711 0
chan arannide foeel i tinenncifiad nAN1217 n S
i i v
Material transfer | Process exchanges | Documentation | LCT| Charact. imp. | Norm. imp. | Weight. imp. | Composition |

File View Catalogues

Material processes

i

%

4 Material generation
Residual household waste, DK 2012
Garden waste

Residual household waste, DK 2001
Residual household waste, DK 2005
Municipal waste, Europe, 2010

Municipal and industrial waste, Den
Other

| Source separation

I Collection

I Transport

| MRF

I Mixed waste Landfills
| Material recycling

| Thermal treatment

I Landfill mineral waste
I Ash treatment

| Biological treatment

| Use-on-land
4 Template
4 Generation
{d Energy generation
Id Material generation - manual
[l Material generation
4 General
& Basic

I Substance transfer - per fraction

[ Substance transfer - default
[ Mass transfer to outputs
ke Change of energy content
& No output

led Water content

led Addition of substances

# EASETECH Source: C:\Users\ulie\Desktop\case study

Scenario 1

-

De(raase of

Development

Sankey diagram =

9 'a"“’“'" mnb]j—ﬁ\uhlimﬂmdlﬂyash-

i

generation paSotedion 10km due(uwatar p\anl ‘
T l wapnram:m ST Leachate.
rrranspm Som{]j—q% g!"“m“ rj colfection ‘ » ;::gdm
i {P
e ST

Collection
Life cycle impact assessment: characterised impacts
LCIA Method: [IL_CD recommended x | { Show per substance view

Name IPCC 2007, climate change, GWP 1002 ECIP w/o LT, environmental impact w/o LT, stratospheric ozone depletion, ODP 100a w/o LT ~ ReCiP

kg CO2-Eq kg CFC-11-Eq kgN
Sum 10.02 1.214E-06 0.095
Collection Vehicle, 10t Euro3, urban traffic, 1 liter diesel, 2006 10.02 1214E-06 0.09511

Process-specific emissions
Input-specific emissions

4 mn

| »

| Waterial pr... | Projects | External pr..

Material transfer | Process exchanges | Documentation | LCI| Charact. imp. | Norm. imp. | Weight. imp. | Composition

@ EASETECH Source: C\Users\ulie\Desktophcase study

SI-7



“Normalised impacts” tab, “per substance” and “per process” views (2f):
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Life cycle impact assessment: normalised impacts

| Biological treatment

[l Material generation
4 General

& Basic

I Substance transfer - per fraction

[ Substance transfer - default

[ Mass transfer to outputs

ke Change of energy content

& No output

led Water content

led Addition of substances -

Process-specific emissions
Input-specific emissions

4 mn

LCIA Method: [IL_CD recommended x | [ Show per substance view
| Use-on-land 2
4 Template Name IPCC 2007, climate change, GWP 1002 EDIP wyo LT, environmental impact w/a LT, stratospheric ozone depletion, ODP 1008 w/o LT ReCiP
4 Generation PE PE PE
ke Energy generation Sum 0.001297 5.923E-05 0.001]
& Material generation - manual Collection Vehicle, 10t Euro3, urban traffic, 1 liter dissel, 2006 0.001297 5923£-05 0.0017"

| Waterial pr... | Projects | External pr..

Material transfer | Process exchanges | Documentation | LCI | Charact, imp. | Norm. imp. | Weight. imp. | Composition

@ EASETECH Source: C\Users\ulie\Desktophcase study
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“Weighted impacts” tab, “per substance” and “per process” views (2g):

File View Catalogues

Material processes

-0 X

Material generation
Residual household waste, DK 2012
Garden waste

Residual household waste, DK 2001
Residual household waste, DK 2005
Municipal waste, Europs, 2010

Municipal and industrial waste, Den
Other

Source separation
Collection

Transport

MRF

Mixed waste Landfills
Material recycling
Thermal treatment
Landfill mineral waste
Ash treatment

Biological treatment

U LCIA Method: [ILCD recommended - | { Show per process view

se-on-Jand _

Template Mame Compartment  Sub compartment IPCC 2007, climate change, GWP 100z | EDIP w/o LT, environmental impact w/o LT, stratospheric ozone depli

4 Generation
[ Energy generation Sum 0.001207 5.923€-05
£ Material generation - manus! Garbom diouid, fossl i Y — 0001195 0 -
[ Material generation Carbiori disiuitle, Eossil it et sirhan aic v o Kigh stads | 7.288E.05 o El

fekenen Methane, fossil e ok uthian 21 o7 oo high ko] LGOME 05 0

ke Basic Carbon dioxide, fossil air unspecified 8.225E-06 0
ki substance transfer - per fractior Carben ronpRde fosdl Bt urban air close to ground 2317606 0
& substance transfer - default Methane, fossil e urban air close to ground 6.254E-07 0
(0 Mass transfer to outputs Dinitrogen monoxide air non-urban air or from high stacks 4,557E-07 o
K Change of energy content Dinitrogen monoxide air urban air close to ground 3.36E-07 0
K No output Carbon monoxide, fossil air non-urban air or from high stacks 2.213£-07 0
[l Wiater content T e e Frr o A
led Addition of substances - = [[] ¥

Scenario 1
W LS ( N
;‘:;‘L" ‘-hﬁl Collecrion [ sk=iy] ;::‘“ ‘:“u:r‘g:;::r
J | T

i “#ﬂ‘m.mmmm

Incineration
mam

=

|, Landfil leachate |I J
rnanspnn sum{]j—-% S 5

Leachate

i@

Development

Sankey diagram =

collection Emmadm
‘ 'M

Collection

Life cycle impact assessment: weighted impacts

Material pr... | Projects | External pr... |

Material transfer | Process exchanges | Documentstion | LC1| Charact. imp. | Morm. imp. | Weight imp. | Composition |

File View Catalogues

Material processes

~q x

4 Material generation

| Thermal treatment
I Landfill mineral waste
I Ash treatment

| Biological treatment
| Use-on-land

4 Template

Residual household waste, DK 2012
Garden waste

Residual household waste, DK 2001
Residual household waste, DK 2003
Municipal waste, Europe, 2010

Municipal and industrial waste, Den
Other

Source separation

Collection

Transport

MRF

Mixed waste Landfills

Material recycling

4 Generation
I Energy generation
Id Material generation - manual
[l Material generation

4 General
& Basic
I Substance transfer - per fraction
[ Substance transfer - default
[ Mass transfer to outputs
ke Change of energy content
& No output
led Water content
led Addition of substances -

@ EASETECH Source: C:\Users\Julie\Desktophcase study

Scenario 1

'a"“’“'" S00kn ]rﬁ‘lmlimﬂmdlnyash-

i

Development

Sankey diagram =

Da(raase of
Material I = Trampm energy conte Incineration
generation collecion due(uwatar p\anl
T oo
|, Landfill leachate Ir
VTranspDr\ som{]j—-% A :
[Weight. imp. A B
Collection
Life cycle impact assessment: weighted impacts
LCIA Method:  [ILCD recommended ~| | Show per substance view
Name IPCC 2007, climate change, GWP 100s  EDIP w/o LT, environmental impact w/o LT, stratospheric ozone depletion, ODP 100a w/o LT ~ ReCiPy
Sum 0.001297 5.923E-05 0.001
Collection Vehicle, 10t Euro3, urban traffic, 1 liter diesel, 2006 0.001297 59236-05 0.0017

Process-specific emissions
Input-specific emissions

n |

| Waterial pr... | Projects | External pr..

Material transfer | Process exchanges | Documentation | LCI | Charact, imp. | Norm. imp. | Weight. imp. | Composition

@ EASETECH Source: C\Users\ulie\Desktophcase study
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“Composition” tab

(2h):

Development

File View Catalogues
Material processes * 1 X|  Scenariol 7
4 i i “ -
Material generation fal G u‘]_ [ FreT——
I Residual household waste, DK 2012, = § L’::W"-m | Urilization of fiy ashes
| Garden waste il %‘ i &
| Residual household waste, DK 2001 [ = —
1 Residual househald waste, DK 2003 ) | 1 e l—‘ : ‘1wrn=-mcna(i§ -
| Municipal waste, Europe, 2010 Materal B Transport - energy content, o Incineration 4
| | cotection [ =] 0 o et g e z
| Municipal and industrial waste, Der T T L T L T ¥ ( i
evaporation 1 [ f H Leschsts a1
| Other ransport - 50 ke ] 200 Ieachate. 3 |. coliection. | mitedto
) s —
| Source separation e ) F T
I Collection * @
| Transport Stored ecotoicity
I MRF
| Mixed waste Landfils o
§ :
i r:m'a: :::‘d'"gt = | [Composition 1%
ermal reatmen Collection - Adv. Waste Generation
I Landfill mineral waste
| Ash treatment Display | Default
| Biological treatment
B U it Fraction name Total Wet Weight (kg) TS(kg) Water(kg) VS{kg)  Ash(kg) Energy(Ml] Cbiofkg) Chioand (kg) Cfossil(kg) Calkg)  Clkg) F
4 Template Sum 1000 329049 671 300 2906 6438 1542 1044 9.466 5682  2.888 [
& Shrcisen Vegetable food waste 5229 14352 4804 1361 7463 2626416 68172 6071 0343 07985 08037 04+
[ Energy generation Z
- : : Animal food waste 195.1 34084 112 7677 7315 2064 4658 3027 09501 3430 1 o
| Material generation - manual
(e Kitchen towels 54874 4515 30459 3358 08319 5857 1543 8698 0156 0135 008974 04
4 General Dirty paper 3999 302 D978 2751 02688 5487 1347 0453 002748 003292 00145 o=
J Basic
« : Dirty cardboard 5 2607 0393 2219 03884 4424 1113 0.3702 001124 00902 0003389 04
| Substance transfer - per fractior
(3 Substance fransfer - defautt Non-recyclable plastic 1 10219 07843 9657 0562 3266 EE 7215 01114 04782 o
[ Mass transfer to outputs Vard waste, flowers 7101 6778 U7 2705 8827 4047 1548 25685 03163 0776 0103 o
Change of ntent
BN 5"9; tE"E“”“’ Animal excrements and bedding (straw) 16 6336 9667 4727 1600 1017 2756 08364 002782 01717 0008237 o4
o cutpy
O Weter content Wood 5997 s@87 111 5298 05887 1117 302 03473 004604 005675  000B242 O
(. Addition of substances - « [ m | »
| Wateriat pr... | Projects | Extemal pr. | Material transfer | Process exchanges | Documentation | LCT| Charact. imp. | Norm. imp. | Weight.imp. | Composition

@ _EASETECH Source: C\Users\lulie\ Desktopcase study

“Material fractions” catalogue (4a):

File View Catalogues

Development

Material pro.. ™ § X | fiol | Material fractions -
A Hetord geliee Category  Fraction name Water (%) TS (%) VS (3%TS) Ash (%TS) Energy (MJ/kgTS) Cbio (%TS) Cbioand (3%TS) C fossil (%TS) Ca(%TS) CI(%TS) F(%TS) H(%TS) K(%TS) N (%TS
: 2::::;22: # Organics  Vegetable food waste 7699 23 948 52 183 475 423 0238 0555 056 001 66 127 19 -
e # Organics  Animal food waste 5714 429 913 27 2455 554 ES 113 409 163 |oor (79 053 7
» Rsiciia Fiol # Fiber Newsprints 1295 87 918 82 1707 445 73 0224 111 003 0oL |57 00672 01
b % Fiber Magazines 52 938 &6 34 1147 34 g 0171 101 ooz ool 42 00686 01 o
b Murieipalar % Fiber Advertisements 275 313 726 274 1305 344 125 0172 36 003|007 |48 00399 03
i % Fiber Books, phone baoks 45 955 822 178 1506 404 214 0203 406 003 0016 516 00699 0.2
W % Fiber Office paper 875 913 793 207 1253 373 206 0188 777|007 oo |5 00118 01
Rl % Fiber Other clean paper 737 926 8261 1738 1315 381 219 0192 439 005 001 5 0073 02
b Tt % Fiber Baper and carton containers 226 777 866 134 1497 409 151 0.206 262 003 004 56 00374 02
g % Fiber Other clean cardboard 1652 835 86 14 1508 407 152 0205 200 002 |oo2 (54 00397 01
el % Composite Milk cartons (carton/plastic) 1684 232 988 12 21325 45 105 528 00727 003 001 |73 00472 04
e % Composite Juice cartons (carton/plastic/aluminium) 1614 838 904 96 2376 506 87 103 0782 011 ool |77 00571 02
| Themal treatme| 5| ||¥ Other  Kitchen towels 46.86 531 973 27 1697 447 252 0452 0393 026 001 63 0151 08
S e——— # Fiber Dirty paper 2447 755 911 a8 1817 446 15 081 109 048 002 (65 olle 03
P ¥ Fiber Dirty cardboard 131 869 851 149 1697 427 142 0431 346 013 001 58 007 03
| e ¥ Plastic  Soft plastic 1411 859 956 44 40.06 041 0 816 011 007 001 132 00673 02
Mo % Plastic  Plastic bottles 1045 895 939 51 3654 0386 0 768 0314 017 001 (113 00372 01
Y| T % Plastic  Hard plastic 325 968 978 22 3741 04 0 795 0416 |01 001 (105 0019 (55
P *® Plastic  Non-recyclable plastic 712 929 945 55 319 0355 0 706 109 468 001 97 0121 (05
Orois % Organics  Yard waste, flowers 4821 518 76 24 1345 421 73 086 211 028 ool (52 127 15
 Materis # Organics  Animal excrements and bedding (straw) 6042 396 746 254 1605 435 132 0439 2 013 |00l e4 0739 22
% Other  Diapers, sanitary towels, tampons 4552 545 017 EE] 222 498 39 553 0962 (014 001 8 0141 03
> 3 Other Cattan handanes 5544 416 974 24 2218 405 a4 101 020 017 ool 174 0117 04 T
4 General B = | -
g:::;an( 1 Add new material fraction
K substanc | 200 oocition =TT
led Mass trai
ke Change «
& No outpr
led Water co
[ Addition ~
Ma... | Proj...| Ext...| | Material transfer | Process exchanges | Documentation | LCT| Charact. imp. | Norm. imp. | Weight. imp. | Composition

C\Users\ulie\Desktop'case study
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“Elementary exchanges” catalogue (4b):

File View Catalogues

4 Material generaf *
Residual hot,
Garden wast
Residual hot,
Residual hot,
Municipal we

Municipal an
Other
Source separatic

Collection

Transport
MRF

Mixed waste Lar
Material recyclin
Thermal treatme
Landfill mineral |
Ash treatment
Biological treatn,

Use-on-land

Template

4 Generation
d Energy g
& Material
& Material

4 General
& Basic
I Substanc
& Substanc —
led Mass trai
ke Change «
& No outpr
led Water co
(& Addition ~

.

Material pro.. ¥ & X |

Development
Scenario 1 | Elementary exchanges i
Compartment Sub-compartment Name Unit Formula  CasNumber
K07 air indoor Carbon monxide, from soil or biomass stack kg 000630-08-0 -
807 air indoor Methane, from sail or biomass stock kg 000074-82-3 =
807 air low papulation density, long-term 14-Butansdiol kg |CAHI002 0D0110-63-2
R (7 oir low population density, long-term | 1-Pentanol kg CAHI00  0D0OTI-41-D
R(7 oir low population density, long-term | 1-Pentene kg |CSHI0 | 000108-67-1
K17 air low population density, long-term 2-Aminapropanal kg |C3HONO  002748-11-3
K07 air low population density, long-term 2-Methyl pentane kg C6HI402  000096-14-0
Ris air low population density, long-term 2-Methyl-1-propanol kg |CAHIOO  000078-83-1
Kis air low population density, long-term 2-Metayh-2-butene kg CSHI0  000513-35-9
K07 air low papulation density, long-term 2-Nitrobenzaic acid kg CTHSNO4 000552-16-0
Kir air low population density, long-term | 2-Propanal kg |C3HBO  ODODGT-63-0
®i7 air low population density, long-term 3-Methyl-1-butanol kg CSHI20 000123513
17 air ow population density, long-term 4-Methyl-2-pentanans kg |C6HI20  000108-10-1
#07 air low population density, long-term Acenaphthene kg CI2HID  000083-32-9
K7 air low population density, long-term Acstaldehyde kg CH3CHO  00007S-07-0
®07 air low papulation density, long-term Acstic acid kg |CH3COOH 000064-19-7
807 air low population density, long-term Acetic acid, trifucro- kg CZHO2F3  0DOOT6-05-1
K07 air low population density, long-term Acetone kg CH3COCH3 0D00T-64-1
K7 air low population density, long-term Acetonitrle kg CZHIN  0DOOTS-05-8
®(7 air low population density, long-term Acrolein kg C3H4O  000107-02-8
K% oir low population density, long-term | Acrylic acid kg |C3HAO2 000070107
K7 oir low population density, long-term Actinides, radicactive, unspecified \Bq
X7 air I la: dAenzity I L7 Aarr il i " fiad kBao |
4 Add new elementary exchange
Composition QX

Ma... [ Proj.. | Bt..

Material transfer | Process exchanges | Documentation | LCI | Charact, imp. | Norm. imp. | Weight. imp. | Composition

@ EASETECH Source: C:\Users\Julie\Desktophcase study

“Impact categories” catalogue (4c¢):

File View Catalogues

4 Material generaf *

I Residual hot,
| Garden wast
| Residual oL
I Residual hot,
| Municipal wi
I Muricipal an,
| Other
| Source separatic|
I Collection
| Transport
I MRF
I Mixed waste Lar
| Material recyclin|
| Thermal treatme|
I Landfill mineral:
I Ash treatment
I Biological treatn
| Use-on-land
4 Template
4 Generation
d Energy g
& Material
& Material
4 General
& Basic
I Substanc
& Substanc —
led Mass trai
ke Change «
& No outpr
led Water co
(& Addition ~

Material pro.. ¥ & X |

Impact category: |!PCC 2007, climate change, GWP 100a

Scenario 1 | Impact categories

| v‘ I{dnrsefened H Create new H Import categary

[ - Add new elementary exchange

Characterisation factor

Compartment Sub compartment Name Unit
® air non-urban air or fram high Carbon dioxide, fram sail ¢ kg 1 -
® air urban air clese to ground  Carbon dioxide, from seil ¢ kg 1 J
*® air low population density, lor Carbon dioxide, from seil ¢ kg 1 F
# air unspecified Carbon dioxide, from seil ¢ kg 1
¥ air lower stratosphere + uppe Carbon dioxide, from seil ¢ kg 1
¥ air non-urban air or from high Carbon dioxide, fossil kg 1
¥ air urban air close ta ground  Carbon dioxide, fossil kg 1
% air low papulation density, lor Carbon dioxide, fossil kg 1
® air unspecified Carbon dioxide, fossil kg 1
¥ ar lower stratosphere + uppe Carbon dioxide, fossil kg 1
% air lower stratosphere = uppe Carbon monoxide, fossil kg 1571
® air unspecified Carbon monoxide, fossil kg 1571
® air low population density, lor Carbon menoxide, fossil kg 1571
® air urban air clese to ground  Carbon menoxide, fossil kg 1571
# air non-urban air or fram high Carbon menosxide, fossil kg 1571
® air lower stratosphere = uppe Methane, broma-, Halon 1 kg 5
® air unspecified Methane, broma-, Halon 1 kg 5
® air low population density, lor Methane, bromo-, Halon 1 kg 5
% air urban air close ta ground  Methane, broma-, Halon 1 kg 5
® air non-urban air or from high Methane, broma-, Halon 1 kg 5
® air lower stratosphere + uppe Methane, dichloro-, HCC-3 kg 87 iy
* . e Mathana dichlnen Lier 2L oz

Composition

Ma... | Proj.. | Ext..

Development

R

Material transfer | Process exchanges | Documentation | LCI | Charact, imp. | Norm. imp. | Weight. imp. | Composition

@ EASETECH Source: C:\Users\Julie\Desktophcase study
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“Methods” catalogue (4d):

File View Catalogues
Material pro.. * B X| / Sc

4 Material generaf *

1| LCIA Methods

| Residual hou| | LCIAMethod:  [ILCD recommended S| mit || Createnew
| Garden wast i i -
e Unit for normalised impacts: | pE
e Unit for weighted impacts:  pE
| Municipal we = T
I Municipal an (e i pow gt oo 0 EI
| Other Impact category Normalisation factor Weighting factor
| Source separatic 3 1PCC 2007, climate change, 7730 1
I Collection # EDIP w/o LT, environmentz 0.0205 1
| Transport # ReCiPe Midpoint (H) w/o L 529 1
I MRF % ReCiPe Midpoint (H) wio L 49.88
PRt oot 1 *_—
I Material recyclin| || |3 ReCiPe Midpoint (H) w/o L 0.69
I Thermal treatme| || | |3 Particulate matter, respirat 471
| Landfill mineral % USEtox w/o LT, human toxi 3.25E-05
| Ash treatment 3 USEtox w/o LT, human toxi 0.000814

Biological treatn 3 USEtox w/o LT, ecotoxicity 5060

R CML 2001 w/o LT, resource 0.95

(A

Use-on-land

Template

4 Generation
& Energy g
led Material
Ied Material

4 General
& Basic
I Substanc
& Substanc —
led Mass trai
ke Change «
d No outpr
led Water ea
&d Addition -

Ma... | Proj.. | Ext..

.

Composition

Material transfer | Process exchanges | Documentation | LCI | Charact, imp. | Norm. imp. | Weight. imp. | Composition

Development

-nx

@ EASETECH Source: C:\Users\Julie\Desktophcase study

“Interfaces” catalogue (4e):

File View Catalogues

Development

@ EASETECH Source: C:\Users\Julie\Desktophcase study

Material pro... * B X =
4 Material generat * | = 2
I Residual hot,
Sl Compartment Sub-compartment Elementary exchanges
' Residual hou| || || % air indoor 0 .
b “Risidaalho Hi7 i low population density, long-term 2%
| Municipal wa Ris air lower stratosphere + upper troposphere 26
A Hisair non-urban air or from high stacks 26
b Other R(s air {unspecified i% B
B Soifce separatid Ri7 air urban sir clase to ground 26
b Collcction (7 direct human uptake unspecified 0
R % (7 economic primary praduction factar i
| MRF (7 natural resource biatic o
D Mpcce] waste L] (4 natural resource in air [
B ‘Rtsterial recyckn (4 natural resource in ground 0
| Thermal treatme| || || ¥ (% natural resource in water o
| Landfill mineral ¥ (# natural resource land i
P R (7 socisl unspecified 0
e g e K7 soil agricultural px] !
| Use-on-land
4 Template
4 Generation Compartment |air -
3;“;:1? Sub-compartment |unspecified -
Il Material
h Compartment Sub compartment Name Amount Unit Per
© Basic * air unspecified Carban dioxide, non-fossil 4712 kg ka C bio =
B substanc ® air unspecified Carbon dioxide, fossil 4712 kg kq C fossil
L substanc — ® air unspecified Silver 1 5 A
Il Mass tral o air unspecified Aluminium 1 kg kg Al
le Change ¢ o £t A - B A o
d No outpr ¥ Add elementary exchange
led Water ea
[ Addition - | [Composition i
Ma... | Proj...| Ext...| | Material transfer | Process exchanges | Documentation | LCT| Charact. imp. | Norm. imp. | Weight. imp. | Composition
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“Constants” catalogue (4f):

File View Catalogues

Material pro.. = I X

4 Material generaf *

Residual hot,
Garden wast
Residual hot,
Residual hot,
Municipal we

Municipal ar
Other
Source separatic
Collection
Transport

MRF

Mixed waste Lar
Material recyclin
Thermal treatme
Landfill mineral |
Ash treatment
Biological treatn,

Use-on-fand
Template
-

/ Scenariol | Constants

Development

Search

Name
% (7 Volume_gas
¥ (7 H20_heating
#(7 CH_ LKV
Rz MC
RizMH
Rz MN
RZMO
Rirmep
®ir M coz2
Rir M CHE

Value
224
2433
37
12011
1.008
14007
15.999
30974
44.01
16.04

Unit
L/mal
Mifkg
MJ/Nm3
g/mol
g/mol
g/mol
g/mol
g/mol
g/mol
g/mol

(2 Energy g

led Material

Ied Material
4 General

& Basic

I Substanc

& Substanc —

led Mass trai
ke Change «
d No outpr
led Water ea

4 Add new constant

Composition

&d Addition -

%

Ma... | Proj...| Ext...| | Material transfer | Process exchanges | Documentation | LCI| Charact. imp. | Norm. imp. | Weight. imp. | Composition
# EASETECH Source: C:\Users\ulie\Desktop\case study

“Material properties” catalogue (4g):

£ Easerech

File View Catalogues Development
Material pro.. * 1 X | Scenario1 | Material properties =
4 “:";:;i’:‘::‘— Marne Unit  Comment Selacted for calculations Display - default Display - gas Display - liquid Display - solids
| Garden wast ety kg [ -
retima IS kg Calculated as VS+Ash
| Residual hot s kg
| Municipal wa Al _ k9 =
ki Total Wet Weight kg Calculated as H20+V5+Ash
i Energy M) Lower heating value (dry) for solids
W CH4 potential mh3 D ]
I Collection Cbio 5 ,
5 et C bio and kg C bio anasrobicslly degradable D ]
i C fossil kg
| Mixed waste Lar Ca ks E L] L]
= cl kg =] (]
I Material recyclin|_| |- - B & B
| Thermal treatme H v B =i i
| Landfill mineral v = H i i
I Ash treatment N k3 B B B
| Biological treatn N o Ci B =
| Use-on-land
4 Template 2 < E = E
4 Gueneraliun : :: g
Energy g C
€3 Material 24 kg - o o
O biateril Al kg =] a ]
4 Genersl i k2 g g E
b - o | 5| 5]
I Substanc = k: 0G| G ]
& Substanc — - = B i il o
led Mass trai
ke Change « =
U Nooutp | [Composition ax
led Water ea
&d Addition -
Ma... | Proj...| Ext...| | Material transfer | Process exchanges | Documentation | LCI | Charact. imp. | Norm. imp. | Weight. imp. | Composition

# EASETECH Source: C:\Users\ulie\Desktop\case study
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PART lII: DOCUMENTATION OF CALCULATIONS

This document was used to communicate with the development team and explain how calculations should be
implemented. It uses simple words and lots of examples to illustrate the calculations happening in each
template process.

In a first section, the different calculations of output flow compositions are presented. The second
section describes the general LCA calculations happening in all processes, related to data in the “Process
exchanges” tab, i.e. external processes and process-specific emissions. The third section presents the input-
specific emissions calculated in 4 material processes whose “Material transfer” tab produces input-specific
emissions.

1 Material composition calculations

1.1 Material generation

In this process, the user defines a TotalAmount and the composition in terms of fractions (called “percent”
here). Data about each fraction are taken in the library of material fractions.

For each material fraction,

- water (kg) = water% (fraction)/100 *percent(fraction)/100 *Total Amount (kg)

- vs(kg) = VS%(fraction) )/100 * percent(fraction) )/100 *Total Amount(kg)

- ash(kg) = ash%(fraction) )/100 * percent(fraction) )/100 *TotalAmount(kg)

- energy (MJ) = energy%(fraction) * TS%(fraction)/100 *percent(fraction) )/100
*Total Amount(kg)

- for all other material properties: materialproperty(kg) = materialproperty%(fraction) )/100 *
TS%(fraction) )/100 * percent(fraction) )/100 *Total Amount(kg)

where e.g. “ash%” is the ash content of the fraction in the library of material fractions.

Total wet weight and TS are calculated as usual, respectively as the sum of TS and water, and the sum of VS
and ash. Figure S2 shows an example of material generation process.

Scenario 2 | Scenario 1 | Impact categories | LCIA Methods ' Material fractions

Cale-gpry Fraction name Water (%) TS (%) VS (%TS) Ash (%TS) Energy (M)/kgTS) C bio (%T5) C bioand (%TS) C fossil (%TS) Ca (%15} CI(%TS) F(%IS) H (%TS) K(%TS) N(%TS) Na(%Ts) O C%]

x --MEIME-E-
¥ Organics Anlmal food waste 57.14 4289 2455 5.4 0533 |7 108 18.2
¥ Fiber Newsprints 1295 87 918 82 17.07 446 73 0.224 111 0.03 001 57 00672 |01 00246 442
¥ Fiber Magazines 6.2 93.8 66 34 1147 34 g8 0.171 101 0.03 001 4.2 00686 0.1 00888 275
¥ Fiber Advertisements 873 913 726 274 13.05 344 125 0.173 36 0.03 007 48 00899 03 0.128 329
* Fiber Books, phone books 45 955 822 15.06 0.203 00345 381

x EE--E_-EE__-
% Fiber Other clean paper 737 926 8261 1739 1315 2.1 1.9 0.192 .06 .073 00977 385
X Fiber Paper and carton containi 22.26 717 866 134 1497 408 151 0.206 262 0.03 004 5.6 00374 0.2 00476 396
¥ Fiber Other clean cardboard | 16.52 835 86 14 15.08 407 15.2 0.205 3.09 002 002 54 00397 0.1 00416 395
3, Composite Milk cartons (carton/plast 16.84 832 988 12 21325 45 10.5 6.28 00727 0.03 001 73 00472 04 0.15 38.8
. Composite Juice cartons (carton/plas 16.14 830 904 96 2376 50.6 87 1.03 0782 011 001 77 00571 (0.2 0.174 30.8
¥ Other Kitchen towels 46.86 531 973 27 1697 447 252 0452 0393 0.26 001 63 0151 |08 0.206 44.8
¥ Fiber Dirty paper 2447 755 (911 89 1817 448 15 091 109 0438 002 65 0119 03 0.108 383

o m ] 4

v Add new material fraction

vaterial transfer o

Material generation

Material generation: amount and fractions
Total amount (kg) 30

[Tl Include upstream impacts

Add fraction Normalise compaosition to 100%
Material fraction £
¥ Vegetable food waste 70
¥ Office paper 30

Figure S2: Material transfer of a “Material generation” process and catalogue of material fractions
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The output is (Figure S3):

Compasition

| Material generation -

for fraction “vegetable food waste™:

o water: 76.99/100 * 70/100 * 30 kg = 16.169 kg

©O O o0 o O©

for fraction “office paper”:

VS: 94.8/100*23/100%70/100*30 kg = 4.579 kg
ash: 5.2/100 *23/100 *70/100 *30 kg =0.251 kg
energy: 18.3*23/100*70/100*30 kg = 88.389 MJ

C bio: 47.5/100 *23/100 *70/100 *30 kg = 2.294 kg

o water: 8.75/100 * 30/100 * 30 kg = 0.7875 kg

0 VS:79.3/100%91.3/100*30/100*30 kg = 6.516 kg

0 ash:20.7/100 *91.3/100 *30/100 *30 kg =1.701 kg

0 energy: 12.53*%91.3/100*30/100*30 kg = 102.96 MJ
0 Cbio: 37.3/100 *91.3/100 *30/100 *30 kg = 3.065 kg

Adv, Waste Generation

Display

Default -

Fraction name

Total Wet Weight (kg) TS (kg) Woater(kg) VS (kgl Ash(kg) Energy(MJ) Cbiolkg) C bioand (kg)

Sum 30 13.047 16.96 11.09 1952 191.3
Vegetable food waste 21 483 1617 4579 02512 88389
Office paper 9.005 8.217 0.7875 6516 | 1.701 103

C fossil (kg) Ca(kg) Cl(kg)
0.02699

0.01154
0.01545

F{kg) H{
0.6653 0.0328 0.001305 0.7

0.02681 002705 0000483 031
06385 0.005752 00008217 041

5.359

2.294
3.065

3.736

2.043
1.693

Figure S3: Material composition of the output of the “Material generation” process

1.2 Energy generation

The user defines a Total Amount and the composition in terms of fractions (called “percent” here). Data

about each fraction is taken in the library of material fractions.

For each material fraction,

energy (MJ) = percent(fraction) /100 *Total Amount(MJ)

vs(kg) = VS%(fraction) )/100 * percent(fraction) )/100 *Total Amount(MJ) /energy%(MJ/kg)
ash(kg) = ash%(fraction) )/100 * percent(fraction) )/100 *TotalAmount(MJ) /energy%(MJ/kg)
water (kg) = water%(fraction) / TS%(fraction) *percent(fraction)/100 *Total Amount (MJ)

/energy%(MJ/kg)

for all other material properties: materialproperty(kg) = materialproperty%o(fraction) )/100 *
percent(fraction) )/100 *Total Amount(MJ) / energy%(MJ/kg)

where e.g. “ash%” is the ash content of the fraction in the library of material fractions.

Total wet weight and TS are calculated as usual, respectively as the sum of TS and water, and the sum of VS

and ash.

Matenal transter
Energy generation

Energy generation: amount and fractions

Total amount (MJ) 20

[Cl Include upstream impacts

Add fraction

Mass Material fraction %
x Vegetable food waste 70
% | [[] | Office paper 130

Figure S4: Material transfer of a “Material generation” process and catalogue of material fractions
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Vegetable food waste is:

- Energy = 70/100 *30 MJ =21 MJ

- TS =(70/100 *30 MJ) /18.3 MJ/kg = 1.148 kg

- VS =(70/100 *30 MJ) /18.3 MJ/kg *94.8/100 = 1.088 kg

- Ash=(70/100 *30 MJ) /18.3 MJ/kg *5.2/100 = 0.0597 kg

- Water =76.99/23.01 *70/100*30 MJ /18.3 MJ/kg = 3.841 kg

Because the tickbox “Mass” is unticked for “Office paper”, this fraction has only:

- Energy = 30/100*30 MJ = 9 MJ

Compasition
Energy ge“?"?ﬁ?ﬂ - Adv. Energy Generation

Display Default -
Fraction name Total Wet Weight (kg) TS (kg) Water(kg) VS(kg) Ashikg) Energy(MJ) Cbio(kg) Cbioand(kg) C fossil{kg) Ca (kg) Cl (kg) F (kg) H (kg)
Sum 4,989 1148 3.841 1088  0.05967 30 0.5451 0.4854 0.002743  0.006369 0.006426 0.0001148 0.075
Vegetable food waste 4.989 1148 |3.841 1.088  |0.05967 21 0.5451 04854 0.002743 0006360 0.006426 0.0001148 |0.0757:
Office paper 0 o 1] 0 0 9 0 0 0 0 4] 0 0

Figure S5: Material composition of the output of the “Material generation” process

1.3 Material generation — manual

In this process, the user defines the number of fractions and the amounts of material properties directly. So
the only thing to calculate is “Total solids (TS)” equal to VS+ash, and “Total wet weight (TWW)” equal to
TS+waterContent.

1.4 Basic
Output = input.
1.5 Substance transfer per fraction

The number of outputs is determined by the user. The user can define the name of the output by right
clicking on the column header in the table “Material transfer”. Each output has the same material fractions as
the input (in terms of numbers and names).

For each output, for each fraction, for each material property,

outputNumber.fraction.property = input.fraction.property*TC(property, fraction,
outputNumber)/100

where TC is a transfer coefficient input by the user in the table of “Material transfer” in an output
column, in a material fraction line.

- Ifthe fraction doesn’t exist in the table, the calculation uses the “default” line”.

- Also, by default, all TC are equal to zero in newly-created output columns.

- For each fraction line, the TC to the last output (called “Residues”) is defined as 100 minus the
TC of the other columns, so when the other TC are not defined, 100% of the material property
go to the output “Residues”.

- Ifa“degradation” output is added, a column “Degradation” is added which works like any other
column, but a special cross-output is displayed and this output cannot be connected to any
process. Note that only one degradation output can be created.
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Example: For an input of 30 kg of 70% vegetable food waste and 30% office paper, we have the input flow
specified in Table S1.

Table S1: Material composition of the input flow

Fracti | Total TS Wa | VS Ash | Ener | C C bio C Ca Cl F H K N Na o P S Ag Al As

on Wet (kg | ter (kg (kg aqy bio and fossil | (kg (kg (kg (kg (kg (kg (kg (kg (kg (kg (kg (kg (kg

name | Weight | ) (kg |) ) MJ) | (kg | (kg) (ka) |) ) ) ) ) ) ) ) ) ) ) ) )

(kg) ) )

Veget 21 4.8 16. 4.5 0.2 88.38 | 2.2 2.043 0.01 0.0 0.0 0.0 0.3 0.0 0.0 0.0 1.9 0.0 0.0 0 0.0 1.2

able 3 17 79 512 | 9 94 154 268 | 270 | 004 | 188 | 613 | 917 | 150 | 08 111 | 088 049 | 65E

food 1 5 83 4 7 7 6 87 75 -06

waste

Office 9.005 8.2 0.7 6.5 1.7 103 3.0 1.693 0.01 0.6 0.0 0.0 0.4 0.0 0.0 0.0 3.0 0.0 0.0 0 0.0 1.7

paper 17 875 | 16 01 65 545 385 | 057 | 008 | 109 | 009 | 082 | 063 | 16 003 | 052 107 | SE-
52 217 696 17 6 139 84 6 06

We bring this to a “substance transfer per fraction” process with transfer coefficients specified only for VS
and Hg:

Material transfer
Substance transfer - per fraction

Substance transfer - per fraction

Define transfer coefficient for: [VS 'I [C] Show anty defined transfers
-~ Add fraction . . .
Fraction name Output 1 (%) « Residues (%) i Add output Add Add
»® Vegetable food waste 6 o4 column compartment degradation
Default :3 ------------------------------------ -: a7

Material transfer
Substance transfer - per fraction

Substance transfer - per fraction

Define transfer coefficient for: [Hg '] [T Shaw anly de
=, Add fraction -
Fraction name Qutput 1 (%) «  Residues (%) e Add output
R Office paper 10 a0 L
Default 2 JEL

Figure S6: Material transfer for the *“substance transfer per fraction” process
Output] has:

- for fraction “vegetable food waste”:
0 VS:4.579kg * 6/100 = 0.275 kg
0 Hg: 9.66E-8 kg * 2/100 = 1.932 E-9 kg
o all others: 0
- for fraction “office paper”:
0 VS:6.516kg *3/100=0.195 kg
O Hg:2.925 E-7kg * 10/100 =2.925 E-8 kg
o all others: 0

Output “residues” has:

- for fraction “vegetable food waste”:
0 VS:4.579 kg * 94/100 = 4.304 kg
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0 Hg: 9.66E-8 kg * 98/100 =9.47 E-8 kg

0 all others equal to the fraction “vegetable food waste” in the input
- for fraction “office paper”:

0 VS:6.516kg*97/100 =6.321 kg

0 Hg:2.925 E-7 kg * 90/100 = 2.632 E-7 kg

0 all others equal to the fraction “office paper” in the input

Composition
Substance transfer - per fraction - Output 1

Display |Default -

Fraction name Total Wet Weight (kg) TS(kg) Water(kg) VS(kg) Ash(kg) Energy (MJ) Cbio(kg) Cbioand(kg) Cfossil(kg) Caikg) Cl(kg) F(kg) H(kg) K(kg) Nikg) Maikg) Ofkg) P(kg) 5(kg) Hgkg)

Sum 0.4702 04702 0 04702 0 o 0 0 o o 0 0 0 (] o o o o 3.118E-08
Vegetable food waste 0.2747 02747 0 02747 0 0 ] 0 o o 0 0 o 0 0 0 ] 0 o 1.932E-09
Office paper 0.1955 01955 0 01955 |0 4] a [ 0 o [0} 0 0 0 0 0 o 0 o 2.925E-08
Composition o
Substance transfer - per fraction - Residues
Display | Default 2l
Fraction name Total Wet Weight (kg) TS {kg) Water (kg} VS (kg) Ash(kg) Energy Cbio(kg) Cbio Cfossil (kg) Ca(kg) Clifkg) Fikg) Hikg) (kg N(kg) Na(kg) Ofkg) P (kg) S (kg) Hg (kg)
(M) and (kg)
Sum 29.53 12.58 16.96 1062 1952 1913  5.359 3.736 0.02699 0.6653 0.0328 0.001305 0.7296 0.06231 0.09999 0.02143 4.923 0.01147 0.01417 3.579E-07
Vegetable food waste 20.72 4.555 16.17 4.304 0.2512 88.380 | 2.294 2043 0.01154 002681 002705 |0000483 03188 006134 009177 0.01507 1908 |001116 0.008887 9.467E-08
Office paper 8.809 8022 |07875 6321 1701 03 3.065 1693 0.01545 06385 0.005752 00008217 04109 ' 0.0009696 0008217 000636 3.016 00003139 0005284 2633E-07

Figure S7: Material composition of outputl and residues

1.6 Substance transfer default

This process is very similar to “substance transfer per fraction” except that it doesn’t allow the user to
specify different TC for different material fractions. The number of outputs is determined by the user. The
user can define the name of the output by right clicking on the column header in the table “Material
transfer”. Each output has the same material fractions as the input (in terms of numbers and names).

For each output, for each fraction, for each material property,
outputNumber.fraction.property = input.fraction.property*TC(property, outputNumber)/100

where TC is a transfer coefficient input by the user in the table of “Material transfer” in an output
column.
- It is the same transfer coefficients for all fractions.

- Also, by default, all TC are equal to zero in newly-created output columns.
- The default output is the “Degradation” output which cannot be removed and which cannot be

connected to any process.
- The TC to the last output (called “Degradation”) is defined as 100 minus the TC of the other

columns, so when the other TC are not defined, 100% of the material property go to the output

“Degradation”.

The input composition is specified in Table S1 and this input is brought this to the “substance transfer

default” process specified in Figure S8.
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Material transfer
Substance transfer - default

Substance transfer - default

Define transfer coefficient (applied to all material fractions)

Add material property

Material property  Qutput 1 (36) + Degradation (%) Add output Add
® Vs 3 a7 column compartment
® Hg i2 198

Figure S8: Material transfer for the “substance transfer default” process

Output] has:

- for fraction “vegetable food waste”:
0 VS:4.579 kg* 3/100 =0.137 kg
0 Hg: 9.66E-8 kg* 2/100 =1.932 E-9 kg
0 all others: 0

- for fraction “office paper”:
0 VS:6.516 kg *3/100=0.195 kg
0 Hg:2.925 E-7 kg * 2/100 = 5.85 E-9 kg
o all others: 0

And the output “Degradation” cannot be viewed.

Compaosition
Substance transfer - default - Output 1

Display Default -

Fraction name Total Wet Weight (kg) TS (kg) Water (kg) VS (kg) Ash(kg) Energy (MJ) Cbic(kg) Cbioand (kg) Cfossilikg) Ca(kg) Cl(kg} Fikg) Hkg) K{kg) M(kg) Nafkg) Ofkg) P(kg) S(kg) Hg (kg}
Sum 0.3328 03328 0 03328 0 0 0 0 0 0 L] L] 0 0 0 0 0 0 0 7.783E-09
Vegetable food waste 0.1374 01374 |0 01374 0 o 0 4] o 0 ] o 4] 0 o 0 o 0 1] 1.932E-09
Office paper 0.1955 01955 (0 01955 © 0 0 0 0 0 o 0 [1] 0 0 0 1] 0 0 5.851E-09

Figure S9: Material composition of outputl
1.7 Mass transfer to outputs

This process is similar to “substance transfer per fraction” but each output gets a transfer coefficient for the
total mass, not specifically for each material property. The number of outputs is determined by the user. The
user can define the name of the output by right clicking on the column header in the table “Material
transfer”. Each output has the same material fractions as the input (in terms of numbers and names).

For each output, for each fraction, for each material property,
outputNumber.fraction.property = input.fraction.property*TC(fraction, outputNumber)/100

where TC is a transfer coefficient input by the user in the table of “Material transfer” in an output
column, in a material fraction line.

- If the fraction doesn’t exist in the table, the calculation uses the “default” line”.

- Also, by default, all TC are equal to zero in newly-created output columnss.

- For each fraction line, the TC to the last output (called “Residues”) is defined as 100 minus the
TC of the other columns, so when the other TC are not defined, 100% of the material property
go to the output “Residues”.

The input composition is specified in Table S1 and this input is brought this to a “mass transfer” process with
transfer coefficients specified in Figure S10.
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Material transfer
Mass transfer to outputs

Mass transfer to outputs

Define transfer coefficients to each output column

Add fraction
Fraction name Output 1 (%) « Residues (%) & Add output
% Vegetable food waste 40 60 ey
Default 10 a0

Figure S10: Material transfer for the “substance transfer default” process

Output] has:
- for fraction “vegetable food waste”: 40% of input of “vegetable food waste”
- for fraction “office paper”: 10 % of input of “office paper”.

Output “residues” has:

- for fraction “vegetable food waste”: 60% of input of “vegetable food waste”
- for fraction “office paper”: 90 % of input of “office paper”.

Composition o X
Mass tra_QE!_t_a_r_E:y_cutputs - Qutput 1
Display Default -
Fraction name Total Wet Weight (kg) TS {kg) Water (kg) V5 (kg) Ash(kg) Energy (MJ) Cbio(kg) Cbioand (kg) Cfossil(kg) Ca(kg) Cl(kg) F (ka) Hikg) Kikg)
Sum 9.3 2754 6.546 2483 0.2706 45.65 1.224 0.9865 0.006162  0.07457 0.01139 0.0002754 0.1686 0.024
Vegetable food waste 8399 1932 6467 1832 |01005 (3536 0.9177 0.8172 0.004617 001072 0.01082 00001932 01275 |0.0245
Office paper 0.9005 08217 |0.07875 0.6516 (01701 103 03065 0.1693 0.001545 0.06385 0.0005752 8217E-05 004109 9.596E]
Composition R
Mass transfer to outputs - Residues
Display Default -
Fraction name Total Wet Weight (kg] TS (kg) Water (kg) VS(kg) Ash(kg) Energy (M) Chbio(kg) Cbioand(kg) Cfossilikg) Calkg) Cl{kg) F (kg) Hkg) K(kg)
Sum 20.7 10.29 1041 8.612 1.682 145.7 4135 2.749 0.02083 0.5907 0.02141 0.001029 0.561 0.03768
Vegetable food waste 126 2.808 9.701 2747 0.1507 53.03 377, 1.226 0.006925 0.01608 0.01623 0.0002898 0.1913 |0.0368
Office paper 5104 7395 07088 5.864 1331 92.66 2758 1.523 0.0139 05746 0.005177 0.0007325 03698  0.0008726

Figure S11: Material composition of outputl and residues

1.8 Change of energy content

There is one output with all material properties equal to the input, except for the output’s energy content
which is recalculated based on the following formula.

The principle is that the “energy content” is equal to the energy content of the input added to amounts
depending on selected material properties. For example, the energy content is decreased of 2 MJ per kg of
water content and decreased of 0.1 MJ per kg of Ash.

For each material fraction,

output.fraction.energycontent (MJ) = input.fraction.energycontent(MJ) + sumForAllProperties [
value(fraction, slectedProperty)* input.fraction.selectedProperty ]
where percent is the value given by the user between 0 and 100, which can be specified for each
material fraction.
The input composition is specified in Table S1 and this input is brought this to a “change of energy content”

process where the energy content is decreased of 3 MJ per kg of water content for all fraction except for
“vegetable food waste” for which it is 2, and it is also decreased of 0.1 MJ per kg of Ash for all fractions.

SI-20



Material transfer Material transfer
Change of energy content Change of energy content

Change of energy content Change of energy content

Energy lost due to: | Water =
gy . £ Energy lost due to: Ash -
Add fraction
) . . Add fraction
Fraction name Change in energy (MJ/unit)
R Vegetable food waste -2 Fraction name Change in energy (MJ/unit)
Default -3 Default -6

Figure S12: Material transfer of ”Change of energy content”
So the calculation of the energy content is:
- for vegetable food waste, energycontent (kg) = energycontent (kg) + (-2)*water(kg) + (-0.1)
*ash(kg) = 88.389 + (-2)*16.17 + (-6)*0.2512 = 54.54 M]

- for office paper, energycontent (kg) = energycontent (kg) + (-3)*water(kg) + (-0.1) *ash(kg) =
103 + (-3)*0.7875 + (-6)*1.701 = 90.43 MJ

Composition

~ 0>
Change of energy content - Rejects
Display |Default -
Fraction name Total Wet Weight (kg) TS {kg) Water(kg) VS (kg) Ash(kg) Energy(MJ) Chbio(kg) Cbioand{kg) Cfossil(kg) Calkg) Cl(kg) Fikg) H kgl  K(kg)
Sum 30 13.047 16.96 11.09  1.952 144.9 5.359 3.736 0.02699 0.6653 0.0328 0.001305 0.7296 0.06231
Vegetable food waste 21 483 1617 457 02512 5455 2.254 2043 001154 002681 002705 0.000483 03188 0.08134
Office paper 9.005 8.217 0.7875 6.516 1701 90.39 3.085 1.693 0.01545 0.6385 0005752 0.0008217 04109 0.000969¢

Figure S13: Material composition of the output
1.9 No output

No output.
1.10 Water content

There is one output with all material properties equal to the input, except for the output’s water content
which is recalculated based on the following formula.

For each material fraction,
output.fraction.water (kg) = input.fraction.TS (kg) * (percent(fraction) / (100-percent(fraction)) )

where percent is the value given by the user between 0 and 100, which can be specified for each
material fraction.

Of course the Total Wet Weight is changed, as it calculated as the sum of water and TS.

The input composition is specified in Table S1 and this input is brought this to a “water content” process and
say that the water content should be 50% for vegetable food waste and 10% by default.
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Material transfer
Water content

Water content

Define the new water content

Add fraction
Fraction name % of wet weight
M Vegetable food waste 50
Default i10

Figure S14: Material transfer of ”Water content”

So the calculation of the water content is:

- for vegetable food waste, water (kg) = TS (kg) * (50 /(100-50) ) = 4.83 kg *(50/(100-50)) = 4.83
kg
- for office paper, water (kg) = TS (kg) * (10/(100-10)) =8.217 kg * (10 /(100-10)) = 0.913 kg

Composition X
Water content - Output
Display ‘ Default -
Fraction name Total Wet Weight (kg) TS (kg) Water (kg) VS (kg) Ash(kg) Energy (MJ) Cbio(kg) Cbioand{kg) Cfossil(kg) Cafkg) Clikg) F(kg) Hikg) K(kg) N (kg) Na (|
Sum 18.79 13.047 5.743 11.09  1.952 191.3 5.359 3.736 0.02699 0.6653 0.0328 0.001305 0.7296 0.06231 0.09999 0.02
Wegetable food waste 9.66 483 4.83 4579 02512 88389 2294 2043 001154 002681 |0.02705 0000483 03188 006134 0.09177 0.015
Office paper 9.13 8217 0913 6516 1701 103 3.065 1693 001545 0.6385 |0.005752 00008217 04109 0.0009696 0.008217 0.006!

Figure S15: Material composition of the output

1.11 Addition of substances

There is one output with all material properties equal to the input, except for the material properties selected
in the table of Material transfer. The calculations depend on which radio button has been selected by the

user.
For each material property in the table, for each material fraction,
- if “solid material”:

output.fraction.selectedMaterialProperty = input.fraction.selectedMaterialProperty +
amount(selectedMaterialProperty)*input.fraction. TotalWetWeight /10™6

- if“gas™

output.fraction.selectedMaterialProperty = input.fraction.selectedMaterialProperty +
amount(selectedMaterialProperty)* (input.fraction.ch4 + input.fraction.co2) /103

- if “liquid™:

output.fraction.selectedMaterialProperty = input.fraction.selectedMaterialProperty +
amount(selectedMaterialProperty)*input.fraction.WaterContent /1076

- if “energy”:

output.fraction.selectedMaterialProperty = input.fraction.selectedMaterialProperty +
amount(selectedMaterialProperty)*input.fraction.EnergyContent /103

where “amount” is the value given by the user in the table, for the specific material property.

The input composition is specified in Table S1 and this input is brought this to a “addition of substances”
process with in the table “Hg; 2”.
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> If we select “solid”:

Maternial transfer
Addition of substances

Addition of substances
Define substances added to flow

T on Add substance based on:

@ solid material (g/ton, based on total wet weight)
! gas {g;’mg, based on volume of CH: and CO;3)
(2 liquid (mg/L, based on water content)

Substance name Amount
¥ Hg 0.02

! energy (g/MJ, based on energy content)

Figure S16: Material transfer of “Addition of substance” in the case of “solid” selection
The output is the same as the input except for Hg, which is:
- for vegetable food waste: 9.66E-8 kg + 0.02 g /10”6 g *21kg = 0.966E-7 kg + 4.2E-7 kg = 5.16E-7 kg.
- for office paper: 2.925E-7 kg + 0.02 g/10"6 g *9.005 kg = 2.925 E-7 kg + 1.801E-7 kg = 4.726 E-7 kg.

> If we select “gas’:

The output is the same as the input including for Hg as CO2 and CH4 are zero. To see the calculation, we
add an anaerobic digestion process with yield of 10 % for all fractions (Figure S17).

i L[] | L

Bazic e |

Material generstion | sy Anaerobic digestion [ \ Addition of substances | | ‘ ‘

Anaerobic digestion

laterial transfer
\naerobic digestion

Anaerobic digestion

define gas yield as proportion of degradable carbon Parameters related to biogas generation
Add fraction - Theoretical ratios of CH, in biogas View CHs %
Fraction name Yields (% C bio and)

- Partitioning of CO; between gas and liquid phases calculate:

Default 10

® Part of CO: going to the liquid phase (%) 0
! Measured CHs % in biogas 2

Parameters related to mass balance

Loss of VS related to loss of biogenic carbon 189

Figure S17: Material transfer of “Anaerobic digestion” process needed in the case of “gas” selection

As explained in subsection 16, the output of this AD process is as shown in Figure S18.

Composition
Anaerobic digestion - Gas

Display [;’555 i

Fraction name Energy (MJ] Cbio (kg) Cfossil(kg) CH4 (m*3) CO2(m*3)
Sum 0 0.3736 0 0.167 0.5304
Wi 0 03736 0 0.167 05304

Figure S18: Material composition of the output of the AD process (input of “addition of substance”)

So when we 0.02 g/m3 of biogas, the amount of Hg in the fraction mix is:
0.02 g *(0.167 m3+0.5304 m3)/1073 g =1.395E-5 kg.
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> If we select “liquid™:

The output is the same as the input except for Hg, which is:

- for vegetable food waste: 9.66E-8 kg + 0.02 mg /106 g *16.17 kg= 0.966E-7 kg + 3.234E-7 kg = 4.2E-7
kg.

- for office paper: 2.925E-7 kg + 0.0 2mg/1076 g *0.7875 1= 2.925 E-7 kg+ 0.1575 E-7 kg = 3.0825 E-7 kg.

> If we select “energy”:

The output is the same as the input except for Hg, which is:

- for vegetable food waste: 9.66E-8 kg + 0.02 g /10”3 g *88.389 MJ =0.966 E-7 kg + 1.77 E-3 kg = 1.77E-3
kg.

- for office paper: 2.925E-7 kg + 0.02 g / 1073 g *103 MJ=2.925 E-7 kg + 2.06E-3 kg = 2.06E-3 kg.
1.12 Emissions to the environment

No output.

1.13 Landfill gas generation

The user needs to specify in the “Material transfer” window of the anaerobic digestion process:

- krates (in yr'') for each material fraction. They are the speed of decay of the C bio and.

- A factor that the user can change (named number_of_years in the rest of the text. The default value
is 100.

- A factor that the user can change (named vs_cbio in the rest of the text). The default value is 1.89.

Principle is that we degrade C bio and with a first order decay. In consequence C bio is degraded. CO2 and
CH4 are produced as a function of C bio and using the CH4_in_biogas property. Finally the gas produced
has a lot of fractions named “year 17, “year 27, “year 3” etc, and C bio, CH4 and CO2 are calculated for each
year and put in the corresponding fractions of the gas output.

» Calculation of CH4 in biogas property

This is exactly the same calculation as in the anaerobic digestion module.

In the calculations of the outputs, we need to calculate for each material fraction a new material property
called ch4 biogas, which is in percentage the part of C bio that is transformed into CH4 (the rest being
transformed into CO2). This is calculated based on 4 other material properties named “C bio and”, “H”, O”
and “N” with this formula:

1 168*H -21*0-36*N

Ch4 biogas = —+ - (the value obtained is between 0 and 1)
2 112 *Cbioand

» Calculations of the gas output

The gas output has the number of fractions defined by the user by “number_of years”. Each fraction is
named “Year 17, “Year 2”, etc. For year n (1 <n <number of years] these are the properties [NB:
C bio_and, k and ch4 biogas are specific for each fraction] :

- Chbio[kg]is: Sum_ for all material fractions of [ C_bio_and * exp(- k *(n-1)) *(1-exp(- k)) ]
- CH4[m3]is: Sum for all material fractions of [ C_bio_and * exp(- k *(n-1)) *(1-exp(- k)) *
CH4 biogas] *22.4/12
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CO2 [m3]is: Sum_for all material fractions of [ C_bio_and * exp(- k *(n-1)) *(1-exp(- k)) *(1-
CH4 biogas) | *¥22.4/12
All other properties are zero, including water, VS and ash.

» Calculation of the Residues output

The residues output has the same number of material fractions as the input. It is basically defined as equal to

the input minus the carbon going to gas. For each material fraction, here are the properties [NB: k is specific
to the fraction!]:

C bio [kg] is: input.c_bio - input.c bio and * (1-exp( - number of years * k) )
C bio and is: input.c_bio and *exp( - number or years*k)

VSis: input.vs —vs_cbio *input.c bio and * (1-exp( - number or_ years*k))

LHV dry [MJ]: input.lhvdry /input.vs *(input.vs — vs_cbio *input.c_bio_and * exp( -
number_or_years*k))

All other properties are equal to the input.

» Example:

Material transfer

Landfill gas generation

Landfill gas generation

Define 1st order decay rate for methane generation

Add fraction Tirne horizon of the inventory (in years) 100

Fraction name k rate (1/yr) Lass of VS related to loss of C bio (3%) 1.89
R Vegetzble food waste 0.3
Default 0.1

Figure S19: Material transfer of the “Landfill gas generation” process

Gas output, at year n:

Cbio [kg]is:  2.043 * exp(- 0.3 *(n-1)) *(1-exp(- 0.3)) + 1.693 * exp(- 0.1 *(n-1)) *(1-exp(- 0.1))
so for n=1, 0.6906, and for n=2, 0.5380, and sum=3.736 kg.

CH4 [m3]is:  (2.043 * exp(- 0.3 *(n-1)) *(1-exp(- 0.3)) *0.5445 + 1.693 * exp(- 0.1 *(n-1)) *(1-
exp(- 0.1)) *¥0.5285 )*22.4/12 so for n=1: 0.6971 m’and for n=2: 0.5425 m’, and sum=3.746

CO2 [m3]is: (2.043 * exp(- 0.3 *(n-1)) *(1-exp(- 0.3)) *(1-0.5445) + 1.693 * exp(- 0.1 *(n-1))
*(1-exp(- 0.1)) *(1-0.5285) )*22.4/12 so for n=1: 0.5920 m’ and for n=2: 0.4618 m® and sum=3.227
All other properties are zero, including water, VS and ash.
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Compasition
Landfill gas generation - Gas

Display GES R I
Fraction name Energy (MJ) C bio (kg) C fossil (kg) CH4 (m*3) CO02(m"3)
Sum 0 3.736 0 3.746 3.227
Year 1 0 0.5%06 0 05971 0592
Year 2 0 0538 0 05425 04618
Year 3 0 04225 0 04255 03632 5
Year 4 0 03346 0 03365 0.2881
Year 5 0 0.2675 0 0.2686 0.2306
Year 6 0 0.2159 0 0.2165 0.1855
Year 7 0 0.1759 0 01762 01522
Year 8 0 0.1448 0 01448 01253
Year 9 0 01204 0 01202 0.1045
Year 10 0 0.1011 0 0.1008 0.0873
Year 11 0 008562 |0 0.08526 0.07457
Year 12 0 007315 0 0.07275 0.0638
Year 13 0 0.06299 0 0.06257 0.05501
Year 14 0 003462 |0 0.0542 0.04773
Year 15 0 004766 |0 0.04726 0.04171

Figure S20: Composition of the gas output from “Landfill gas generation” process

Residues output:

- Cbio (vfw) =2.294 + 2.043 * (exp( - 100 * 0.3) -1) =0.251 kg
(ofp) =3.065 + 1.693 * (exp( - 100 * 0.1) -1) =1.372 kg
- Cbio and (vfw) =2.043 * exp( - 100 * 0.3)) =1.91E-13 kg
(ofp) = 1.693 * exp( - 100 * 0.1)=7.68E-5 kg
- VS (vfw)=4.579 — 1.89 *2.043 * (1-exp( - 100*0.3)) =0.718 kg
(ofp) = 6.516 -1.89*1.693*(1-exp(-100*0.1)) = 3.316 kg
- LHV dry (vfw) = 88.39 /4.579 *(4.579 — 1. 89 *2.043 * (1-exp( - 100*0.3)))=13.85 MJ
(ofp) = 103/6.156*(6.516 -1.89*1.693*(1-exp(-100*0.1))) =55.49 MJ
- All other properties are equal to the input.

Landnill gas generation - Hesidues

Display [Defauh v‘
Fraction name Total Wet Weight (kg) TS5 (kg) Water (kg) V5 (kg) Ash(kg) Energy (MJ) Cbio(kg) Cbioand(kg) Cfossil(kg) Caikg) Clikg) F {kg) Hikg) Ki(kg)
Sum 2294 5.986 16.96 4.034 1.952 66.26 1623 7.685E-05 0.02699 0.6653 0.0328 0.001305 0.7296 0.06231
Vegetable food waste 17.14 09686 1617 07174 02512 1385 02512 1912e-13 001154 002681 002705 0000483 03188 0.06134
Oifice paper 5.805 5018 07875 3317 1701 5241 1372 7.685E-05 0.01545 06385 0.005752 00008217 04109  0.00096%96

Figure S21: Composition of the residues output from “Landfill gas generation” process

1.14 Mass transfer over years

The user specifies for different time periods the routing to different outputs. Each output has as many year
fractions as the input.

For each output O, for each year Y,

- Find the period P where Y is located
- all material properties are calculated as: Input.fraction.year.materialProperty *TC(P, O)/100

where TC is the transfer coefficient specified by the user in the table, for the period P and the output O.

In this example we connect this process to a landfill gas generation (Figure S22).

SI-26
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Figure S22: Material transfer of the “Mass transfer over years” process

The input from the landfill gas generation was:

Compasition
Landfill gas generation - Gas

Display [GBS 4
Fraction name Energy (MJ) Cbio(kg) Cfossil (kg) CH4(m"3) CO2(m"3)
Sum 0 3.736 0 3.746 3.227
Year 1 0 0.6308 0 06971 0.53%2 -
Year 2 0 0.538 0 0.5425 04618
Year 3 0 04225 0 04255 0.3832 =
Year 4 0 03345 0 03383 0.2881
Year 5 0 0.2675 0 0.2686 0.2306
Year 6 0 0.2159 0 0.2165 0.1865
Year 7 0 0.1759 0 01782 0.1522
Year 8 0 0.1448 0 0.1448 0.1255
Year 9 0 0.1204 0 01202 0.1045
Year 10 0 0.1011 0 0.1008 0.0872
Year 11 0 0.08582 0 0.08528 0.07457
Year 12 0 0.07315 0 007275 0.0638
Year 13 0 0.08299 0 0.06257 0.05501
Year 14 0 0.05482 0 0.0542 0.04775
Year 15 0 0.04786 0 004725 0.04171
Year 16 0 0.04182 0 004144 0.03664
Year 17 0 0.03688 0 003651 0.03233
Year 18 0 0.03286 0 003231 0.02885
Year 19 0 0.02902 0 0.0287 0.02547
Year 20 0 0.02586 0 0.02557 0.02271 .
W k| n NN32344 n ANIITA ¥ alelalel

Figure S23: Material composition of the input to the “Mass transfer over years” process
So the calculations for CH4 are:

- For “Half collected” output,
0 Year 1 (period=1): 0.6971 * 10/100 =0.06971
0 Year 2 (period=1): 0.5425 *10/100 =0.05425
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Year 3 (period=1): 0.4255 *10/100 =0.04255
Year 4 (period=2): 0.3365 *20/100 =0.0673

Year 10 (period=2): 0.1008 *20/100 =0.02016
Year 11 (period=3): 0.08526 *0/100 =0

O O 0O 0O o0 O

For “Collected” output,

Year 1 (period=1): 0.6971 * 50/100 =0.3485
Year 2 (period=1): 0.5425 *50/100 =0.2712
Year 3 (period=1): 0.4255 *50/100 =0.2127
Year 4 (period=2): 0.3365 *80/100 =0.2692

Year 10 (period=2): 0.1008 *80/100 =0.0806
Year 11 (period=3): 0.08526 *0/100 =0

O O 0O 0O 0O 0O OO0 OO

For “Not collected” output,

Year 1 (period=1): 0.6971 * 40/100 =0.2788
Year 2 (period=1): 0.5425 *40/100 =0.217
Year 3 (period=1): 0.4255 *40/100 =0.1702
Year 4 (period=2): 0.3365 *0/100 =0

Year 10 (period=2): 0.1008 *0/100 =0
Year 11 (period=3): 0.08526 *100/100 =0.08526

O O 0O o0 O o0 o

(o}

Concerning C bio, the C bio in year 8 of output “Half collected” is: 0.02896.

1.15 Leachate generation

There are always two outputs: leachate and residues.

Leachate has year fractions. The number of year fractions is determined by the user in the field “Time

horizon of the inventory (years)”. For each year Y:

The leachate has water (kg) determined thanks to the left table. We need first to find the time period
P containing the year Y:

leachate.year.water = input.totalWetWeight *netInflitration(P) /(density *height *1073)

where density is the user-defined value given in “Bulk density” field
and height is the user-defined value given in the “Height of layer” field

Substances (kg) determined thanks to the right table: for each substance determined in the table on
the right, we need to find the time period P’ that contains the year Y and then the amount of
substance in that year Y is:

leachate.year.substance = leachate.year.water *concentrate(substance, P’)*10-6
or if easier:
leachate.year.substance = input.totalWetWeight *netInflitration(P) /(density *height *1073)
*concentrate(substance, P’)*10"-6
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where density is the user-defined value given in “Bulk density” field
and height is the user-defined value given in the “Height of layer” field

Residues is equal to the input minus the substances that go in the leachate. For all substances of input, for
each material fraction, the amount in “residues” is:

If input.substance(of_all_fractions =0, then it is zero, else:

Input.fraction.substance —sum_for_all_years [leachate.year.water *concentrate(substance, P’)*10"-6]
*input.fraction.substance/input.substance(of_all_fractions))

When connecting the process described in Figure
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Miatarial transfar | Procets exchanget Documentstion | L0 Charsct imp. | Norm. imp

me penod duration  Net nfiltrabon (mm/yr

Wiessght imp. | Comporition

Define leachate concentrate (in mg/L)
Agg putstence
Name Time period 1
Duration (yrs 5

¢ = 5

N 2000 2000

Time period 2

Figure S24: Material transfer of the “Leachate generation” process

So the calculations for water and N are:

- For “Leachate” output, the water is:
Year 1 (period=1): 30 *450 /(1.1 *20 *1076) =0.614 kg
Year 2 (period=1): 30 *450 /(1.1 *20 *1076) =0.614 kg
Year 3 (period=1): 30 *450 /(1.1 *20 *10"6) =0.614 kg
Year 4 (period=2): 30 *400 /(1.1 *20 *1076) =0.545 kg

©O OO0 OO0 o 0o

Year 10 (period=2): 30 *400 /(1.1 *20 *1076) =0.545 kg
Year 11 (period=3): 30 *300 /(1.1 *20 *1076) =0.409 kg

- For “leachate” output, N is:
0 Year 1 (period=1, P’=1): 30 *450 /(1.1 *20 *10"3) *2000E-6 =1.227E-3 kg
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O O 0O 0O OO0 OO0 0O

(0}

Year 2 (period=1, P’=1): 30 *450 /(1.1 *20 *10"3) *2000E-6 =1.227E-3 kg
Year 3 (period=1, P’=1): 30 *450 /(1.1 *20 *10"3) *2000E-6 =1.227E-3 kg
Year 4 (period=2, P’=1): 30 *400 /(1.1 *20 *10"3) *2000E-6 =1.091E-3 kg
Year 5 (period=2, P’=1): 30 *400 /(1.1 *20 *10"3) *2000E-6 =1.091E-3 kg
Year 6 (period=2, P’=2): 30 *400 /(1.1 *20 *10"3) *4000E-6 =2.182E-3 kg

Year 10 (period=2, P’=2): 30 *400 /(1.1 *20 *10°3) *4000E-6 =2.182E-3 kg
Year 11 (period=3, P’=2): 30 *300 /(1.1 *20 *10°3) *4000E-6 =1.636E-3 kg

Year 16 (period=3, P’=3): 30 *300 /(1.1 *20 *10*3) *0 =0 kg

- For “Residues” output, all properties are the same as the input except from N and P, lets’ check for

N:

Compaosition

(o}

Leachate generation -

Vegetable food waste: 0.09175 —sum_for_all years[leachate.year.water *concentrate(N,
P*)*107-6] *0.09175/0.09996)
=0.09175 —[3*1.227E-3 +2*1.091E-3 +5*2.182E-3 +5*1.636E-3] *0.09175/0.09996

=0.0688 kg

Office paper: 0.008217 —sum_for all years[leachate.year.water *concentrate(N, P*)*10"-

6] *0.008217/0.09996)

=0.008217 —[3*1.227E-3 +2*1.091E-3 +5*2.182E-3 +5*1.636E-3] *0.008217/0.09996

=0.006166 kg

Leachate

Display Default

=

Fraction name Total Wet Weight (kg) TS5 (kg) Woater (kg) VS (kg) Ash(kg) Energy (MJ) Chio(kg) Cbioand(kg) Cfossil (kg) Calkg) Cllkg) F(kg) H(kg) K(kg) N (kg) Na (kg)
Sum 42.48 (1} 42.48 0 0 0 0 0 0 0 0 0 0 0 0.02496 0
Year1 0.6137 0 0.6137 o 0 0 0 0 0 0 4] 0 4] 0 0.001227 0
Year 2 0.6137 0 0.6137 0 0 0 4] 1] o 0 t] ] ] ] 0.001227 0
Year 3 0.6137 0 06137 o [¢] 0 4] Q0 1] 4] 0 4] 0 ] 0.001227 0
Year 4 0.5435 0 0.5455 0 1] 0 0 0 0 0 0 0 0 0 0.001091 0
Year 5 0.5455 4] 0.5455 o [¢] 0 4] 1] o o ¢] 0 0 ] 0.001091 0
Year & 0.5455 0 0.5455 0 o] 0 (4] 0 0 4] t] 4] a 0 0.002182 0
Year 7 0.5435 0 05455 0 1] 0 0 0 0 0 0 0 0 0 0002182 0
Year 8 0.5455 0 0.5455 o [¢] 4] 4] a 0 4] t] ] 0 ] 0.002182 0
Year § 0.5455 0 0.5455 o 0 0 0 0 0 0 4] 0 W] 0 0.002182 0
Year 10 0.5455 0 0.5455 0 0 0 0 Q o 0 t] ] ] ] 0.002182 0
Year 11 0.4001 4] 04001 0 4] 0 4] a 0 0 1] 0 0 ] 0.001636 0
Year 12 04091 0 04091 0 0 0 0 0 0 0 0 4] 0 0 0.001636 0
Year 13 0.4091 0 04091 0 0 0 4] Q o] 4] ¢] ] [ L] 0.001636 0
Year 14 0.4091 0 04001 0 0 0 (4] (1] 0 0 4] 4] 0 0 0.001636 0
Year 15 0.4091 0 04091 o 0 0 4] 1] 1] ] 0 0 ] ] 0.001636 0
Year 16 0.4091 4] 04091 o 0 0 4] 1] o] ] ¢] 0 0 ] 4] 0
Year 17 0.4001 0 04091 0 1] 0 0 0 0 0 1] 4] 0 0 0 ]
Year 18 0.4091 0 04091 o 0 0 4] 1] o] 0 0 0 0 ] 0 ]
Year 19 0.4001 4] 04091 0 o] 4] 4] a 0 0 0 0 0 ] 1] ]
Year 20 04091 0 04091 0 0 0 0 0 0 0 0 0 0 0 0 ]
4 | I |
Composition b
Leachate generation - Residues
Display |Default -
Fraction name bic and (kg) Cfossil (kg) Calkg) Cl(kg) H (kg) N (kg) MNalkg) ©Oilkg) P (ka) 5 (ka) Hg (ka)

Sum 736 0.02699
Vegetable food waste 043 0.01154
Office paper 693 0.01545

0.6653

0.02681
0.6385

0.0328 0.001305 0.7296 0.06231

0.02705 | 0.000483
0.005752 0.0008217 0.4109

0.3188 0.06134

0.06886

1.908
3.016

0.07503 0.02143 4923 0.01142 0.01417 3.891E-07

0.01507
0.0009696 0.006166  0.00636

0.01111 | 0.008887  9.66E-08
0.0003124 0.005284 2.925E-07

Figure S25: Composition of the two outputs of the “leachate generation” process
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1.16 Anaerobic digestion

This process has two outputs called “gas” and “digestate”. The user needs to specify in the “Material
transfer” window of the anaerobic digestion process:

- Yields (in %) for each material fraction. They describe how much of the “C bio and” is actually
degraded in the digester. Like in the other tables, there is always a “default” fraction, and the user
can add and delete lines (i.e. fractions).

- A factor called ”Loss of VS related to loss of C bio” (named vS_cbio in the rest of the text). Default
value: 1.89.

- A factor called “Part of CO2 going to the liquid phase (%)” (named co2_liq in the rest of this text).
The default value is zero.

- Alist of pollutants and their transfer coefficients (TC) from the input to the gas and digestate
outputs, given by the user in kg/Nm3 biogas. The user selects the material property and writes a
transfer coefficient in the column "Gas" for the default fraction line (and possibly to specific
fractions), the value in the column "digestate" is automatically calculated as “100-TCgas”. By
default everything goes to digestate. NB: VS, Cbio, Cbioand and energy cannot be changed in this
table because they are calculated based on the other parameters.

» Calculation of CH4 for each material fractions (shown when clicking on button “View
CH4%™)

In the calculations of the outputs, we need to calculate for each material fraction a material property called
ch4_biogas, which is in percentage the part of C bio that is transformed into CH4 (the rest being transformed
into CO2). This is calculated based on 4 other material properties named “C bio and”, “H”, O and “N” with
this formula:

*H _21%0 —36%*
Ch4 biogas = l + 1687 H —21 _O 36N (the value obtained is between 0 and 1)
2 112*Cbioand

» Calculation of “Part of CO2 liquid” and “Measured CH4” depending on radio buttons

- When the first radiobutton is selected: the user edits co2 liq and measuredCH4% is calculated
MeasuredCH4% is CH4 divided by biogas:
100* Sum_for all material fractions of (yield/100 * C bio and * ch4 biogas/100) /

[ Sum_for all material fractions of (yield/100 * C bio_and * ch4 biogas/100) +
Sum_for_all material fractions_of (yield/100 * C_bio_and * (1-ch4 biogas/100)) *(1-co2 lig/100) ]

- When the second radiobutton is selected: the user edits measuredCH4% and co2liq is calculated
Co2liq is calculated like this:

100 — (100-measured _ch4%) / measured ch4% * Sum_for all material fractions_of (yield/100 *
C bio_and * ch4 biogas/100) / Sum_for all material fractions of (yield/100 * C_bio_and * (1-
ch4 biogas/100))

> Calculation of the GAS output

The gas output has one fraction called “Mix” with these properties:

- Chbio [kg] is: Sum_for all material fractions of (yield/100 * C _bio_and *(1- co2 lig/100*(1-
ch4 biogas/100)) )
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- CH4 [m3]is: Sum_for all material fractions of (yield/100 * C_bio_and *
ch4 biogas/100)*22.4/12
- CO2 [m3]is:

Sum_for all material fractions of: (yield/100 * C_bio and * (1-ch4 biogas/100)) *(1-co2 lig/100)

*22.4/12

- Pollutants [kg]: Sum_for all material fractions of
(pollutant_kg(fraction)*TC_of pollutants_to gas/100)

- All other properties are zero, including water, VS, ash, Energy, C bio and.

» Calculation of the DIGESTATE output

The digestate output has the same number of material fractions as the input, and their names. It is defined as
equal to the input minus what goes to the gas (I write “input.” to designate properties of the input material).
For each material fraction, here are the properties:

- Cbio [kg] is: input.c_bio — input.C_bio and *yield/100 *(1- co2 lig/100*(1-ch4 biogas/100)

- Chbioandis: input.c_bio_and*(1 -yield/100)
- VSis: input.vs — vs_cbio *C bio_and *yield/100
- LHV dry [M]] is: input.lhvdry /input.vs *(input.vs — vs_cbio *C _bio_and *yield/100)

- For pollutants with defined transfer coefficients: pollutant [kg] =
input.pollutant*TC_to_digestate/100

- All other properties are equal to the input, including water and ash.
> Example:

We use the example of 30 kg of 70 % vegetable food waste and 30 % office paper (Table S1). The
theoretical CH4 ratios are: 54.45 % for vegetable food waste and 52.85 % for office paper.

a. With radio button on “Part of CO2...”

Anaerobic digestion 100 % & " (@

Material transfer a3
Anaerobic digestion

Anaerobic digestion

Define gas yield as proportion of degradable carbon Parameters related to biogas generation Define transfer coefficient to gas and digesta
Add fraction - Theoretical ratios of CHy in biogas View CHs % Focabstinoe i = ‘
Fraction name Yields (% C bio and) - Partitioning of CO; between gas and liquid phases calculated with: P

¥ Vegetable food waste 70 -
ot 0 @) part of CO: going to the liquid phase (%) 10 Fraction name Gas Digestate

Measure d CHs % in biogas 0 % Office paper |50 |50
Default 130_i70

Parameters related to mass balance

Loss of VS related to loss of biogenic carbon 1.89

Figure S26: Material transfer of the “anaerobic digestion” process

The value “Measured CH4% in biogas” is:

100* (70/100 * 2.043 * 54.45/100 + 10/100 * 1.693 * 52.85/100) /[ (70/100 * 2.043 * 54.45/100 + 10/100 *

1.693 * 52.85/100) + (70/100 * 2.043 * (1-54.45/100) + 10/100 * 1.693 * (1-52.85/100)) *(1-10/100) ] =
56.88

The gas output is:

- Cbio [kg] = 70/100 * 2.043 * (1-10/100%(1-54.45/100)) + 10/100 * 1.693 * (1-10/100*(1-52.85/100))

=1.526 kg
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CH4 [m3]= (70/100 * 2.043 * 54.45/100 + 10/100 * 1.693 * 52.85/100 )*22.4/12 = 1.621 m’

CO2 [m3]=(70/100 * 2.043 * (1-54.45/100) + 10/100 * 1.693 * (1-52.85/100) )*(1-10/100)*22.4/12
=1.228 m’

N [kg]: 0.09177%30/100 + 0.008217*50/100 = 0.03164 kg

Compaosition > q X
Anaerobic digestion - Gas

Display Gas i

Fraction name  Energy (MJ) Cbio (kg) Cfossil (kg) CH4(m"3) CO2(m"3) | {(kg) K(kg) N (kg) Nafkg) Of(kg) P
Sum 0 1.526 0 1621 1.228 ) 0 0.02164 0 0 0
Mix 0 1.526 0 1621 1228 0 003164 0O 0 0

Figure S27: Composition of the gas output

The digestate output is:

C bio (vfw)=2.294 - 2.043 *70/100 *(1-10/100*(1-54.45/100))= 0.929 kg
(ofp)=3.065 - 1.693*10/100 *(1-10/100*(1-52.85/100)) =2.904 kg

C bio and (vfw) =2.043 *(1-70/100) = 0.613 kg

(ofp)= 1.693*(1-10/100) = 1.524 kg

VS (vfw) =4.579 - 1.89%2.043 *70/100 = 1.876 kg

(ofp) = 6.516 -1.89*1.693*10/100 = 6.196 kg

LHV dry (vfw) = 88.389/4.579*(4.579 - 1.89%2.043 *70/100) = 36.21 MJ
(ofp) = 103/6.516*(6.516 -1.89*1.693*10/100) = 97.94 MJ

N (vfw) =0.09177* 70/100 =0.06424 kg

(ofp) = 0.008217*50/100 = 0.004109 kg

All other properties are equal to the input

Composition *1Xx

Anaerobic digestion - Digestate

Display Default -
Fraction name Total Wet Weight {kg) TS (kg) Water(kg) VS(kg) Ashikg] Energy(M)) Chio{kg) Cbioand(kg) Cfossil(kg) Cafkg) Clfkg) Flkg) Hika) Kkal Nkg) MNalkg) Olg) Plka) |
Sum 26.98 10.02 16.96 B.072 1952 1341 3.833 2136 0.02699 0.6653 0.0328 0.001305 0.7296 0.06231 0.06835 0.02143 4.923 0.01147 J‘
Vegetable food waste 18.29 2127|1617 1876 02512 3621 05292 06129 0.01154 002681 002705 0.000483 03188 006134 (006424 001507 1908 001116
Office paper 8.685 7.897 07875 6.196 1701 97.9 2904 1523 0.01545 0.6385 | 0.005752 0.0008217 0.4109  0.0009636 0.004109 0.00636 3.016 |0.0003129

Figure S28: Composition of the digestate output
b. With radio button on “Part of CO2...” (only this changes)

3

Materis| generstion | sesi|  Anserobic digestion

[ | T

Anaerobic digestion 1

Material transfer
Anaerobic digestion

Anaerobic digestion

Define gas yield as proportion of degradable carbon Parameters related to biogas generation Define transfer coefficient to gas and digestate
Add fraction - Theoretical ratios of CHa in biogas View CHa % For substance: | N = |
Fraction name Yields (% C bio and) - Partitioning of CO: between gas and liquid phases calculated with: Add fraction
W Vegetable food waste 70 . -
DE‘?EU“ o ) Part of CO: going to the liquid phase (%) |10 Fraction name | Gas Digestate
© Measured CHa % in biogas 50 % Office paper |50 |50
Default 30 |70

Parameters related to mass balance

Loss of VS related to loss of biogenic carbon 189

Figure S29: Material transfer of the “anaerobic digestion” process

The value “Part of CO2 going...” is:
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100 — 100%(100-60)/60 * (70/100 * 2.043 * 54.45/100 + 10/100 * 1.693 * 52.85/100) / (70/100 * 2.043 * (1-
54.45/100) + 10/100 * 1.693 * (1-52.85/100)) = 20.84

All the other calculations are the same as before. The gas output is:

- Cbio [kg] = 70/100 * 2.043 * (1-20.84/100%(1-54.45/100)) + 10/100 * 1.693 * (1-20.84/100*(1-52.85/100))
=1.447 kg

- CH4[m3]= (70/100 * 2.043 * 54.45/100 + 10/100 * 1.693 * 52.85/100 )*22.4/12 = 1.621 m’

- CO2 [m3]=(70/100 * 2.043 * (1-54.45/100) + 10/100 * 1.693 * (1-52.85/100) )*(1-
20.84/100)*22.4/12 =1.0805 m’

- N [kg]: 0.09177%30/100 + 0.008217*50/100 = 0.03164 kg

Compaosition
Anaerobic digestion - Gas

Fraction name Energy (MJ) Cbio(kg) Cfossil(kg) CH4 (m*3) CO2(m"3) | 4(kg) Kikg) N (kg) Na(kg) O (kg) Pd
Sum 0 1.432 0 1.621 1.053 ) 0 0.03164 0 0 0
Misx 0 1432 0 1621 1.053 i} 0.03164 0 (4] 1]

Figure S30: Composition of the gas output
The digestate output is:

- Cbio (viw)=2.294 - 2.043 *70/100 *(1-20.84/100*(1-54.45/100))= 0.9997 kg
(ofp)=3.065 - 1.693*10/100 *(1-20.84/100*(1-52.85/100)) =2.912 kg

- Cbio and (vfw) =2.043 *(1-70/100) = 0.613 kg
(ofp)= 1.693*(1-10/100) = 1.524 kg

- VS (vfw) =4.579 - 1.89%2.043 *70/100 = 1.876 kg
(ofp) = 6.516 -1.89*1.693*10/100 = 6.196 kg

- LHV dry (vfw) = 88.389/4.579%(4.579 - 1.89%2.043 *70/100) = 36.21 MJ
(ofp) = 103/6.516*(6.516 -1.89*1.693*10/100) = 97.94 MJ

- N (vfw) =0.09177* 70/100 =0.06424 kg
(ofp) = 0.008217*50/100 = 0.004109 kg

- All other properties are equal to the input

Composition
Anaerobic digestion - Digestate

Display Default -
Fraction name Total Wet Weight (kg) TS (kg) Water (kg) VS(kg) Ash(kg) Energy (MJ)) Cbio(kg) Cbioand (kg) Cfossil(kg) Calkg) Cl{kg) F {ka) Hikg) Ki(kg) N (kg)
Sum 26.98 10,02 16.96 8.072 1952 134.1 3.927 2136 0.02699 0.6653 0.0328 0.001305 0.7296 0.06231 0.06835
Vegetable food waste 18.29 2127 1617 1876 (02512 |36.21 1.013 0.6129 0.01154 0.02681 002705 0.000483 03188 006134 006424
Office paper 8.685 7897 07875 6.196 1701 979 2914 1523 0.01545 0.6385 | 0.005752 0.0008217 04109 | 0.0009696 0.004109

Figure S31: Composition of the digestate output

Figure S32 provides explanations about the calculations happening in the anaerobic digestion process.
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Splits C bio between

/ CH, and CO, based on | CH, generated—»‘/Gadutput
A

theoretical ratio y

Degraded
C_bio_and= CO, generated

yield*C_bio_and(input)

C‘/Waste\ C_bio_and Splits C_bio_and \
\ input with yield Splits CO, between

gas and liquid phase

Non-degraded
C_bio_and=
(1-yield)*C_bio_and(input) CO, in gas

CO, in digestate

Figure S32: Calculations in the “Anaerobic digestion” process

1.17 Use-on-land

If the tickbox is ticked in “Material transfer”, the process has one output defined as the exact opposite of the
input, i.e. for each material property of the input of value x, the material property of the output has a value “—
x”. If the tickbox is not ticket, there is no output.
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2 LCA calculations in all processes: process-specific
emissions and external processes

Here we explain how the calculations are performed in material processes and external processes, concerning

all data specified in the “Process exchanges” tab. Note that some material processes templates include also
emissions happening in the “Material transfer” tab, these calculations are detailed in Section 3. The steps of

characterization, normalization and weighting are always the same, and are thus only explained in Section 2.

The example which will be used in Section 2 is presented in Figure S33. Throughout the example we
will use an impact category called “IPCC 2007, climate change, GWP 100a” which has characterisation
factors of 1 for “carbon dioxide, fossil, air, unspecified”” and 25 for “Methane, fossil, air, unspecified” (kg

CO,-eq/kg).

External Process
(Test3)

2

External Process

Elementary Exchange
(2kg Methane)

Elementary Exchange
(4kg Carbon Dioxide)

Elementary Exchange

(Test2) (2kg Carbon Dioxide)

3
External Process Elementary Exchange
(Test1) (5kg Carbon Dioxide)

. I 3
Maten? E— Material Process Elementary Exchange
O (Basic) (10kg Carbon Dioxide)

(1000 kg) g

Figure S33: Example used in Section 2

2.1 An external process with only process-specific emissions: test3

The external process “test3” is presented in Figure S34. It has two process-specific emissions (we call all
elementary exchanges in the “Process exchanges” tab of a process “process-specific” as they are related to
the process being operated):

Process exchanges
test3 (External Process)

= E)cternal processes
Add external process

—) Elementary exchanges

Add elementary exchange

Narme Compartment Sub compartment Amount Unit Comment
¥ Carbon dioxide, fossil air unspecified 4 kg
# Methane, fossil air unspecified 2 kg

Figure S34: Process exchanges in external process test3

The LCI of an external process such as “test3” is presented in Figure S35 and calculated as:
SI-36



All elementary exchanges which are directly in the “Process exchange” tab of “test3” are called
“Process-specific emissions” and are simply put directly in the LCI (see the 6™ column below).
For each external process used (in “test3” none), bring the LCI of the process (explained in Section

2.2 with “test2” process).
The total column (5™ column) shows simply the sum for all columns for the functional unit for the

process.

LCT
test3 (External Process)

Life cycle inventory per process

| Show per material fraction |

Compartment Sub compartment Unit Tetal Input-specific emissions Process-specific emissions

Name
Carbon dioxide, fossil air unspecified kg 4 i} 4
Methane, fossil air unspecified kg |2 1] 2

Figure S35: LCI of external process test3

In the characterized impacts, “per substance” view, the calculation is taking the LCI line by line: for each
elementary exchange of the LCI, multiply the total amount by the characterization factor of the impact
category. So for “test3” characterised impacts are presented in Figure S36 and calculated as:

Carbon dioxide: amountOfCarbonDioxideInLCI*CharacterisationFactorOfCarbonDioxide = 4*1=4
Methane, fossil: amountOfMethaneInLCI* CharacterisationFactorOfMethane = 2*25=50

Charact. imp.
test3 (External Process)
Life cycle impact assessment: characterised impacts

LCIA Method: |theTestingMethnd > | | Show per process view
Marme Compariment  Sub compartment IPCC 2007, climate change, GWP 100a
kg CO2-Eq
Sum 54
Carbon dioxide, fossil air unspecified 4
Methane, fossil air unspecified 50

Figure S36: Characterised impacts, per substance, of external process test3
In the characterized impacts, “per process” view, we take the LCI results column per column: for each
subprocess, calculate the total impact as the sum (for all elementary exchanges) of their amount multiplied
by the characterization factor.

In “test3”, there is only one sub-process called “Process-specific emissions” and it is contributing to:
amountOfCarbonDioxideInLci(Process specific emissions)*CharacterisationFactorOfCarbonDioxide +
amountOfMethaneInLCI(Process specific emissions)*CharacterisationFactorOfMethane = 4*1+2*25=54

Results are shown in Figure S37. If “test3” was calling another external process, we would do the same

calculation for this process (see the example in section 2.2).
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Charact. imp.
test3 (External Process)

Life cycle impact assessment: characterised impacts

LCIA Method: [theTestingMelhod 'l [ Show per substance view
Mame IPCC 2007, climate change, GWP 100a
kg CO2-Eq
Sum 54

Process-specific emissions 54

Input-specific emissions 0

Figure S37: Characterised impacts, per process, of external process test3

2.2 An external process with process-specific emissions and one
external process: test2

Figure S38 presents the external process “test2”.

|Process exchanges
test2 (External Process)

(=) External processes
Add external process

Name Amount Unit Comment
A (view] test3 2 kg

—) Elementary exchanges

Add elementary exchange

Name Compartment Sub compartment Amount Unit Comment

¥ Carbon dioxide, fossil air unspecified 2 kg

Figure S38: Process exchanges in external process test2

The LCI of “test2” has now two subprocesses: “Process specific emissions” and “test3”. It is shown in

Figure S39 and calculated as:

- All elementary exchanges which are directly in the “Process exchanges” tab of “test2” are called
“Process-specific emissions” and are simply put directly in the LCI (see the 6™ column below),

- For each external process used, you have to multiply the LCI of the process by the amount. In our

example, “test2” uses 2 kg of test3 so in the column “test3” we have:

0 Carbon dioxide: amount(test3UsedInTest2)* amountOfCarbonDioxidelnLci(test3)=2%*4=8.

0 Methane: amount(test3UsedInTest2)* amountOfMethanelnLci(test3)=2%*2=4.

LT
test2 (External Process)

Life cycle inventory per process

l Show per material fraction |

Name Compartment Sub compartment Unit Total Input-specific emissions Process-specific emissions  test3
Carbon dioxide, fossil air unspecified kg |10 0 2 8
Methane, fossil air unspecified kg 4 0 0 4

Figure S39: LCI of external process test2
In the characterized impacts per substance (Figure S40) the calculation is the following:

- Carbon dioxide: amountOfCarbonDioxideInLCI*CharacterisationFactorOfCarbonDioxide
=10*1=10.
- Methane: amountOfMethaneInLCI*CharacterisationFactorOfMethane =4*25=100.
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Charact. imp.
test2 (External Process)

Life cycle impact assessment: characterised impacts

LCIA Methoa: |theTestingMethc:d v | | Show per process view
Name Compartment  Sub compartment  [PCC 2007, climate change, GWP 100a
kg COZ-Eq
Sum 110
Carbon dioxide, fossil air unspecified 10
Methane, fossil air unspecified 100

Figure S40: Characterised impacts, per substance, of external process test2

In the characterized impacts per process (Figure S41) the details of each subprocess “test3” and “process-

specific emission” are calculated:

- For the subprocess “test3”:

amountOfCarbonDioxideInLCIPerProcess(Test3)*CharacterisationFactorOfCarbonDioxide +

amountOfMethaneInLCIPerProcess(Test3)*CharacterisationFactorOfMethane = 8*1 +

4*25=108
- For Process-specific emissions:

amountOfCarbonDioxideInLCIPerProcess(ProcessSpecific)*CharacterisationFactorOfCarbonDi
oxide + amountOfMethaneInLCIPerProcess(ProcessSpecific)* CharacterisationFactorOfMethane

= 2% + 0*25=2

Charact. imp.
test2 (External Process)
Life cycle impact assessment: characterised impacts

LCIA Methed: ltheTestingMethud V] l Show per substance view
Mame IPCC 2007, climate change, GWP 100a
kg CO2-Eq
Sum 110
test3 108
Process-specific emissions | 2
Input-specific emissions 0

Figure S41: Characterised impacts, per process, of external process test2

2.3 An external process with process-specific emissions and an
external process that uses another external process: testl

Figure S42 presents “test]1” an external process that uses “test2”.
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Process exchanges

testl (External Process)

—) External processes
v Add external process

Mame Amount Unit Comment
K [view) test2 3 kg
- Elementary exchanges

¥ Add elementary exchange

Name Compartment Sub compartment Amount Unit Comment

X Carbon dioxide, fossil air unspecified 5 kg

Figure S42: Process exchanges in external process testl

The LCI of “test]1” is shown in Figure S43(again it has two sub-processes). The calculation is the same as in
section 2.2:

All elementary exchanges which are directly in the “Process exchanges” tab of “test1” are called
“Process-specific emissions” and are simply put directly in the LCI (see the 6™ column below),
For each external process used, you have to multiply the LCI of the process by the amount. In our
example, “test1” uses 3 kg of test2 so in the column “test2” we have:
0 Carbon dioxide: amount(test2UsedInTest1)*
amountOfCarbonDioxideInLCl(test2)=3*10=30
0 Methane: amount(test2UsedInTest1)* amountOfMethanelnL.Cl(test2)=3*4=12

LCI
testl (External Process)

Life cycle inventory per process
l Show per material fraction |

Mame Compartment Sub compartment Unit Total Input-specific emissions Process-specific emissions  test?
Carbon dioxide, fossil air unspecified kg 35 0 5 30
Methane, fossil air unspecified kg 12 0 ] 12

Figure S43: LCI of external process testl

In the characterized impacts per substance (Figure S44) the calculation is:

Carbon dioxide: amountOfCarbonDioxideInLci*CharacterisationFactorOfCarbonDioxide =35*1=35
Methane: amountOfMethanelnLci*CharacterisationFactorOfMethane =12*25=300

Charact. imp.
| testl (External Process)
Life cycle impact assessment: characterised impacts

LCIA Method: |1hETestingMeihc:d bt | ‘ Show per process view
Marme Compartment  5ub compartment IPCC 2007, climate change, GWP 100a
kg CO2-Eq
Sum 335
Carbon dioxide, fossil air unspecified 35
Methane, fossil air unspecified 300

Figure S44: Characterised impacts, per substance, of external process testl
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In the characterized impacts per process (Figure S45) the details of each subprocess: “test2” and “process-
specific emission” are calculated:

- Test2: amountOfCarbonDioxideInLCIiPerProcessOfTest2*CharacterisationFactorOfCarbonDioxide
+ amountOfMethaneInLCIPerProcessOfTest2*CharacterisationFactorOfMethane = 30*1 +
12%#25=330

- Process specific emissions:
amountOfCarbonDioxideInLCIPerProcessOfProcessSpecific* CharacterisationFactorOfCarbonDioxi
de + amountOfMethaneInLCIPerProcessOfProcessSpecific*CharacterisationFactorOfMethane = 5*1
+ 0*25=5

Charact. imp.

testl (External Process)

Life cycle impact assessment: characterised impacts

LCIA Method: [theTestingMethud v] [ S5how per substance view
Mame IPCC 2007, climate change, GWP 100z
kg COZ-Eq
Sum 335
test? 330
Process-specific emissions 5
Input-specific emissions 0

Figure S45: Characterised impacts, per process, of external process testl
2.4 A material process uses this external process

The scenario presented in Figure S46 has 1000 kg waste (100% vegetable food waste) going to a basic
process that uses -3 kg of test] per MJ energy input and emits 10 kg of carbon dioxide.

Scenario 1

‘ ‘

Material generation -t test-—, . o
T Bt Basic .l
process-spedific emissions e

1
Process exchanges
Basic
—) External processes
¥ Add external process
Name Amount Unit Per Comment

3 [iew] testl |3 kg  MJEnergy
—) Elementary exchanges

Add elementary exchange

MName Compartment Sub compartment Amount Unit Per Comment
® Carbon dioxide, fossil air unspecified 10 kg kg Total Wet Weight

Figure S46: Process exchanges in basic process
The LCI of material processes is similar to the one of external processes (Figure S47):

- All elementary exchanges which are in the “Process exchanges” tab of “Basic” are called “Process-
specific emissions”. Their amount in the LCI is:
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“Amount”_field * amount_of the_selected_material_property_in_input_material

In our example, we emit 10 kg carbon dioxide per kg total wet weight (here equal to 1000) so we
emit: 10%*1000=1E4 kg.

- For each external process used, we get its LCI by:

LCI_of_the_external_process **“Amount”_field
*amount_of the_selected_material_property_in_input_material

In our example, we use -3 kg of testl per MJ of Energy of the input (here equal to 4209 MJ), so we

calculate in the 6™ column:

0 Carbon dioxide: amountOfCarbonDioxideInLCl(testl) *amount(testl UsedInBasic)
*Energy(input) = 35 *(-3) *4209 = -4.419E5

0 Methane: amountOfMethaneInLCl(test]) *amount(test] UsedInBasic) * Energy(input) =12
*(-3)*4209 =-1.515E5

LeT
Basic

Life cycle inventory per process

| Show per material fraction |

Name Compartment Sub compartment Unit Total Input-specific emissions Process-specific emissions  testl
Carban dioxide, fossil air unspecified kg [-4.319E+05 4] 9999 -4419E+05
Methane, fossil air unspecified kg |-L515E+05 4] 0 -1.515E+05

Figure S47: LCI of basic process
In the characterized impacts per substance (Figure S48) the calculation is the following:

- Carbon dioxide: amountOfCarbonDioxideInLCI *CharacterisationFactorOfCarbonDioxide =

-4.319E5*1 = -4.319E5
- Methane: amountOfMethaneInLci*CharacterisationFactorOfMethane = -1.515E5 *25 = -3.787E6

{Charact. imp.
Basic
Life cycle impact assessment: characterised impacts

LCIA Method: |theTestingMethDd ¥ | | Show per process view |
MNarne Compartment  Sub compartment IPCC 2007, climate change, GWP 100a
kg CO2-Eq
Sum -4.22E+06
Carbon dioxide, fossil air unspecified -4.319E+05
Methane, fossil air unspecified -3.788E+06

Figure S48: Characterised impacts, per substance, of basic process

In the characterized impacts per process (Figure S49) the details of each subprocess: “test1” and “process-

specific emission” are calculated:

- Testl: amountOfCarbonDioxideInL.CIPerProcess(Test1)*CharacterisationFactorOfCarbonDioxide +
amountOfMethaneInLCIPerProcess(Test1)*CharacterisationFactorOfMethane = -4.419E5*1 +
(-1.515E5)*25 =-4.229E6

- Process specific emissions:
amountOfCarbonDioxideInLciPerProcess(ProcessSpecific)*CharacterisationFactorOfCarbonDioxid
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e + amountOfMethanelnLciPerProcess(ProcessSpecific)*CharacterisationFactorOfMethane =
9999*1 + 0*25=1E4

Charact, imp.

Basic

Life cycle impact assessment: characterised impacts

LCIA Method: ‘lheTestingMelhncl ¥ | ‘ Show per substance view
Mame IPCC 2007, climate change, GWP 100a
kg CO2-Eq
Sum -4.22E+06
testl -4.23E+06

Process-specific emissions 9999

Input-specific emissions | 0

Figure S49: Characterised impacts, per process, of basic process
2.5 Normalised and weighted impacts

The tabs “Norm. imp” and “Weight. Imp.” are very similar to “Charact. Imp.” with the same “per substance”
and “per process” views. Figure S50 presents the normalization and weighting factors used.

Scenario 1l | LCIA Methods

LCIA Method: | theTestingMethod -] | Bt || Createnew

Unit for normalised impacts:  pg

Unit for weighted impacts: PET

'~ Add new impact category ] D

Impact category MNormalisation factor Weighting factor
¥ IPCC 2007, climate change, 2 10

Figure S50: Normalisation and weighting factors used

The normalized impacts are obtained by dividing each number in the characterized impacts by the
normalization factor of the impact category.

In the example of the scenario, we calculate based on characterized impact values (Figure S51):

- Carbon dioxide: we had -4.32E5 kg so the normalised impact for the category “IPCC 2007, climate
change, GWP 100 a” is: -4.32E5/2 = -2.16E5 PE

- Methane: we had 3.79E6 kg so normalised impact for the category “IPCC 2007, climate change,
GWP 100 a” is: -3.79E6 /2 = -1.9E6 PE

MNorm. imp.

Basic

Life cycle impact assessment: normalised impacts

LCIA Method: |meTestingMethDd b | | Show per process view
Mame Compartment  Sub compartment IPCC 2007, climate change, GWP 100a
PE
Sum -2.11E+06
Carbon dioxide, fossil air unspecified -2.16E+05
Methane, fossil air unspecified -1.894E+06
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Figure S51: Normalised impacts, per substance, of basic process
And we also divide the characterised impacts in the “per process” view (Figure S52).

| Norm. imp.
Basic

Life cycle impact assessment: normalised impacts

LCIA Method: |theTestingMethud g | | Show per substance view
Mame IPCC 2007, climate change, GWP 100a
PE
Sum -2.11E+06
testl -2.115E+06

Process-specific emissions 4999.5
Input-specific emissions |0

Figure S52: Normalised impacts, per process, of basic process

And the weighted impacts are obtained by multiplying each number in the normalised impacts by the
weighting factor of the impact category.

In the example of the scenario, in the normalised imp. per substance view, we had for:

- Carbon dioxide: -2.16ES5 kg so the weighted impact for the category “IPCC 2007, climate change,
GWP 100 a” is: -2.16E5 *10 =-2.16E6 PE

- Methane: -1.9E6 kg so normalised impact for the category “IPCC 2007, climate change, GWP 100
a”is: -1.9E6 *10 =-1.9E7 PE

Figure S53 and S54 show the weighted impacts, per substance and per process, respectively.
Wéight. imp.
Basic

Life cycle impact assessment: weighted impacts

LCIA Method: |U1&TestingMethud o ‘ | Show per process view
MNarne Compartment  Sub compartment IPCC 2007, climate change, GWP 100a
PET
Sum -2.11E+07
Carbon dioxide, fossil air unspecified -2.16E+06
Methane, fossil air unspecified -1.894E+07

Figure S53: Weighted impacts, per substance, of basic process
Wéighl. imp.
Basic

Life cycle impact assessment: weighted impacts

LCIA Method: |UleTestingMEthnd - ‘ | Show per substance view
Mame IRCC 2007, climate change, GWP 100a
PET
Sum -2.11E+07
testl -2115E+07
Process-specific emissions | 5E+04
Input-specific emissions 0
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Figure S54: Weighted impacts, per process, of basic process

2.6 Particular case: Material generation

In the material generation process, the user can attach the use of an external process to each material fraction

by ticking the tick box “Include upstream impacts” (See Figure S55).

Material transfer

Material generation

Material generation: amount and fractions

Total ameount (kg)  3p
Include upstream impacts

v Add fraction MNormalise composition to 100%

Material fraction e Upstrearn impacts Amount pr kg fraction  Unit
R Vegetable food waste 70 test3 2 kg
K Office paper 30 testl 3 kg

Figure S55: Process exchanges in material generation process
The LCI calculation is for each external process:
LCI =Total amount *Percentage field/100 * AmountPerKgFraction *LCI(external process)

In the example, let’s calculate for test3:

- Carbon dioxide: 30 *70/100 *2 *4 = 168 kg
- Methane: 30 *70/100 *2 *2 = 84 kg

And for testl:

- Carbon dioxide: 30 *30/100 *3 *35 == 945 kg
- Methane: 30 *30/100 *3 *12 =324 kg

LCI
Material generation

Life cycle inventory per process

] Show per material fraction |

MName Compartment Sub compartment Unit Total Input-specific emissions  test3 testl
Carbon dioxide, fossil air unspecified kg 11113 0 168 9451
Methane, fossil air unspecified kg 408 0 B4.01 324

Figure S56: LCI of material generation process

Characterised impact per substance works at process level and at scenario level are calculated as usual by
multiplying the total amounts by the characterization factors (Figure S57).
{Charact. imp.

Material generation
Life cycle impact assessment: characterised impacts

LCIA Method: | theTestingMethod v | | Show per process view
Marmne Compartment  Sub compartment [PCC 2007, climate change, GWP 100a
kg CO2-Eq
Sum 1.131E+04
Carbon dioxide, fossil air unspecified 1113
Methane, fossil air unspecified 1.02E+04
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Figure S57: Characterised impact, per substance, of material generation process
Characterised impact per process is calculated by calculating the impact for each external process:

sum_for each ele exch [Total amount *Percentage field/100 * AmountPerKgFraction

*LCl(external process) *characterization_factor(elem. exch)]

In our example, we use an impact category with the characterization factor of 1 for “carbon dioxide” and 25

for “methane”, so:
0 test3: 30 *70/100 *2 *4 *1 + 30 *70/100 *2 *2 *25 = 168*1 + 84*25 =2268
0 testl: 30 *30/100 *3 *35 *1 + 30 *30/100 *3 *12 *25 = 945*] + 324*25 = 9045

So the characterized impacts are as shown in Figure S58 at process level.

Charact. imp.
Material generation
Life cycle impact assessment: characterised impacts

LCIA Methed: [theTestingMethnd x | [ S5how per substance view
MName IPCC 2007, climate change, GWP 100z
kg CO2-Eq
Sum 1.131E+04
test3 2268
testl 9045
Process-specific emissions
Input-specific emissions

Figure S58: Characterised impact, per process, of material generation process

2.7 Particular case: Energy generation

This process is similar to material generation process except that we need to back-calculate the “Total

amount” of input.

Material transfer
Energy generation

Energy generation: amount and fractions

Total amount (MJ)  3p

Include upstream impacts

Add fraction lormalise composition to 100%
Mass Matenal fraction % Upstream impacts Amount pr kg frachon Uit
x Vegetable food waste 70 testd 2 kg || View
® [ Office paper 30 0 View

Figure S59: Process exchanges in energy generation process
The LCI calculation is for each external process:

Total _amount(MJ) *Percentage field(fraction)/100 /energy%(fraction, MJ/kg) *100/TS%(fraction)
* AmountPerKgFraction *LCl(external process)

where energy% and TS% are the properties of the material fraction as found in the library of material

fractions.
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For vegetable food waste test3 emits: 30 *70/100 /18.3 *100/23 *2 *[4 kg CO2; 2 kg CH4] =[39.91 kg CO2;

19.95 kg CH4]

LCI
Energy generation

Life cycle inventory per process

] Show per material fraction |

Name Compartment Sub compartment Unit Total Input-specific emissions  test3
Carbon digxide, fossil air unspecified kg [39.91 0 3991
Methane, fossil air unspecified kg |19.96 0 19.96

Figure S60: LCI of energy generation process

The characterised impacts per substance are for CO2: 39.91 and for CH4: 19.96*25=499.

Charact. imp.

Energy generation

Life cycle impact assessment: characterised impacts

LCIA Method: |theTestingMethnd - | | Show per process view
Name Compartment  Sub compartment IPCC 2007, climate change, GWP 100a
kg COZ-Eq
Sum 538.8
Carbon dioxide, fossil air unspecified 3691
Methane, fossil air unspecified 498.9

Figure S61: Characterised impact, per substance, of energy generation process

Charact. imp.
Energy generation
Life cycle impact assessment: characterised impacts

LCIA Method: [lheTestingMethUd - l [ Show per substance view
Mame IPCC 2007, climate change, GWP 100a
kg CO2-Eq
Sum 538.8
test3 538.8
Process-specific emissions
Input-specific emissions

Figure S62: Characterised impact, per process, of energy generation process

3 Input-specific emissions in four material processes

In this section, we explain how the LCI calculations are performed in the material processes templates that
include emissions happening in the “Material transfer” tab. These emissions are called “input-specific”.
Remember that all processes can have “process-specific” emissions due to data in the “Process exchanges”

tab (explained in Section I). The 4 processes that can have “input-specific” emissions are:

- Substance transfer per fraction.
- Substance transfer default.

- Use on land.

- Emissions to the environment.
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Figure S32 shows the example used where we connect a material generation process each time to a different
material process.

. .

N 3 i Bl )
- | |
Substance transfer - per Substance transfer - default -
Material generstion | Sl baction -to test input-specifil__| | |o test input-specific | Uss-on-land I]J | imizzions to the environment

|emissions Emissions |

Material transfer
Material generation

Material generation: amount and fractions
Total amount (kg)  3p

Include upstream impacts

Add fraction lormalise composition to 100%
Material fraction % Upstream impacts  Amount pr kg fraction Unit
H Vegetable food waste 70 test3 2 kg |[View
* Office paper 30 testl 3 kg |View

Figure S63: Scenario used to show the calculations of input-specific emissions

This is the composition calculated out of the material generation process.

Fraction Total TS (kg) | Water VS (kg) | Ash Energy | C bio C bio C fossil Ca (kg) Cl (kg) F (kg)
name Wet (kg) (kg) (MJ) (kg) and (kg)
Weight (kg)
(kg)
Vegetable 21 4.83 16.17 4.579 0.2512 88.389 2.294 2.043 0.01154 0.02681 0.02705 0.000483
food waste
Office paper 9.005 8.217 0.7875 6.516 1.701 103 3.065 1.693 0.01545 0.6385 0.005752 | 0.0008217
Fraction H(kg) | K(kg) N (kg) Na (kg) O (kg) P (kg) S (kg) Ag (kg) Al (kg) As (kg)
name
Vegetable 0.3188 | 0.06134 0.09177 0.01507 1.908 0.01116 0.008887 0 0.004975 1.265E-06
food waste
Office paper 0.4109 | 0.0009696 | 0.008217 0.00636 3.016 0.0003139 | 0.005284 0 0.01076 1.75E-06

3.1 Substance transfer per fraction

Figure S64 shows the added emissions to the “air unspecified” compartment:

- For Cfossil, 2% goes to the air except for the fraction “Vegetable food waste” for which it goes
at 15%. Al goes at 40% to the air.
- And we have some process-specific emissions of aluminium and methane, and the use of test3.
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Material transfer
Substance transfer - per fraction - Copy

Substance transfer - per fraction

Define transfer coefficient for: [C fossil

‘] [C] Shaw anly defined transfers

= Add fraction — -y
Fraction name air - unspecified (3% Residues (3) o Add output Add
R Vegetable food waste 15 &5 €l I
Default 2 iog
Material transfer

Substance transfer - per fraction - Copy

=4

Add
degradation

Substance transfer - per fraction

Define transfer coefficient for: [

i v [l Show only defined transfers

= Add fraction

Fraction name air - unspecified (% Residues (%)

Default 40 60

- 4
& Add output Add
column compartment

=4

Add
degradation

Figure S64: Material transfer for the “substance transfer per fraction” process

Process exchanges

Substance transfer - per fraction -to test input-specific emissions

- External processes
+ Add external process

Name Amount Unit Per
K [viza) test3 0003 kg kg Total Wet Weight

Comment

—) Elementary exchanges

¥ Add elementary exchange

Name Compartment Sub compartment Amount Unit Per
R Aluminium air unspecified 0.002
H Methane, fossil air unspecified 0.05

kg kg Total Wet Weight
kg kg Total Wet Weight

Figure S65: Process exchanges for the “substance transfer per fraction” process

Note that we need an “interface” to explain to EASETECH how Cfossil is emitted: it is emitted as carbon
dioxide with a conversion factor of 44/12 (this interface is here by default, just check if you have the right

numbers) (see Figure S66).

/ Scenario 1 | LCIA Methods | Interfaces

Search

Compartment Sub-compartment Elementary exchanges
K2 air indoor o .
R(Z air low population density, long-term 2 B
R air lower stratosphere + upper troposphere 26
A2 air non-urban air or from high stacks 26
A7 air unspecified 26
KL air urban air close to ground 26
(2 diract human nntake unsnarifisd n -
*®
Compartment air
Sub-compartment unspecified
Compartment Sub compartment Name Amount Unit Per
x® air unspecified Carbon dioxide, non-fossil 444712 kg kg C bio -
=)
® air unspecified Carban dioxide, fossil 44512 kg kg C fossil
x air unspecified Silver 1 kg kg Ag
x air unspecified Aluminium 1 kg kg Al
" i : 1 L \ -

+ Add elementary exchange

Figure 66: Interface “air — unspecified”
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So the LCI of these Material transfer emissions is calculated for each material property in the dropdown list
as: SumForAllFractionsOf] TransferCoefficientToCompartment(fraction) * AmountProperty(fraction)] *
ConversionFactorInInterface

So in our example:

- Carbon dioxide, air, unspecified: [0.15*input.cfossil(vegetablefoodwaste) +
0.02*input.cfossil(officepaper)] ¥*44/12 = [0.15%0.01154 +0.02*0.01545]*44/12 =0.00748 kg

- Aluminium, air, unspecified: [0.4*input.al(vegetablefoodwaste) + 0.4*input.al (officepaper)] *1
=10.4*0.004975 +0.4*0.01076]*1 =0.006294 kg

And of course the contributions of the “Process exchanges” tab:

- Process-specific:
O Aluminium, air, unspecified: 0.002*30=0.06
0 Methane fossil, air, unspecified: 0.05*30=1.5
- Test3: 0.003*30*{2kg CH4; 4 kg CO2} = {0.18 kg CH4; 0.36 kg CO2}.
LCI
Substance transfer - per fraction -to test input-specific emissions

Life cycle inventory per process

l Show per material fraction |

Marme Compartment Sub compartment Unit Total Input-specific emissions Process-specific emissions  test3
Aluminium air unspecified kg |0.0663 0.006296 0.06 0 =
Methane, fossil air unspecified kg 168 o 15 0.18
Carbaon dioxide, fossil air unspecified kg 03675 0.007482 0 D36
Carbon dioxide, non-fossil air unspecified kg |0 0 0 0 :
Silver air unspecified kg |0 0 0 0
Arsenic air unspecified kg 0 0 1] 0
Barium air unspecified kg 10 0 0 0 | 4
Beryllium air unspecified kg © a ] 0

Figure S67: LCI of the “substance transfer per fraction” process

{Charact. imp.

Substance transfer - per fraction -to test input-specific emissions

Life cycle impact assessment: characterised impacts

LCIA Method: |theTestingMElhod - | I Show per process view

Name Compartment  Sub compartment IPCC 2007, climate change, GWP 100a

kg COZ-Eq

Sum 42.37

Aluminium air unspecified 0] il
Methane, fossil air unspecified 42

Carbon dioxide, fossil air unspecified 0.3675

Carbon dioxide, non-fossil air unspecified 1]

Sitver air unspecified 0 £
Arcanic air mrmacifiad n

Figure S68: Characterised impacts (subs) of the “substance transfer per fraction” process

SI-50



Charact. imp.
Substance transfer - per fraction -to test input-specific emissions

Life cycle impact assessment: characterised impacts

LCIA Method: [theTestingMethﬂd '] [ Show per substance view
Marme IPCC 2007, climate change, GWP 100a
kg CO2-Eg
Sum 42.37
test3 4.86

Process-specific emissions | 37.503

Input-specific emissions  0.007482

Figure S69: Characterised impacts (process) of the “substance transfer per fraction” process

3.2 Substance transfer default

We implement the same values as in “substance transfer per fraction” into a new process based on template

“substance transfer default”. The only difference is that in this process the user cannot specify different
transfer coefficients for different material fractions.

Material transfer
Substance transfer - default -to test input-specific emissions

Substance transfer - default
Define transfer coefficient (applied to all material fractions)

=~ Add material property

Material property  air - unspecified (% Degradation (%) Add output Add
® C fossil 2 98 column compartrnent
® Al 40 60

Figure S70: Material transfer for the “substance transfer default” process
Process exchanges
Substance transfer - default -to test input-specific emissions

—) External processes

¢ Add external process

Mame Amount Unit Per Comment

K [view| test3 0003 kg kg Total Wet Weight

—) Elementary exchanges

Add elementary exchange

Name Compartment Sub compartment Amount Unit Per Comment
® Aluminium air unspecified 0.002 kg kg Total Wet Weight
R Methane, fossil air unspecified 0.05 kg kg Total Wet Weight

Figure S71: Process exchanges for the “substance transfer default” process

The calculation of characterised impacts also relies on the interfaces.

Very similarly to “substance transfer per fraction”, the LCI of these input-specific emissions is calculated for

each material property in the dropdown list as: TransferCoefficientToCompartment * SumForAllFractionsOf
(AmountProperty) * ConversionFactorInInterface

So in our example:

- Carbon dioxide, air, unspecified: 0.02*(input.cfossil(vegetablefoodwaste) +
input.cfossil(officepaper)] *44/12 = 0.02* (0.01154 +0.01545]*44/12 =0.001979 kg
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- Aluminium, air, unspecified: 0.4* (input.al(vegetablefoodwaste) + input.al (officepaper)] *1 =
0.4*[0.004975 +0.01076]*1 =0.006294 kg

And the contributions of the “process exchange” tab:

La
Substance transfer - default -to test input-specific emissions

- Process-specific:
O Aluminium, air, unspecified: 0.002*30=0.06
0 Methane fossil, air, unspecified: 0.05*30=1.5
- Test3: 0.003*30*{2kg CH4; 4 kg CO2} = {0.18 kg CH4; 0.36 kg CO2}.

ILife cycle inventory per process

l

Show per material fraction |

MName

Aluminium

Methane, fossil

Carbon dioxide, fossil

Compartment Sub compartment Unit Total

air
air

air

Carban dioxide, non-fossil air

Silwer

Arzenic

Barium

|Charact. imp.

air
air

air

Figure S72: LCI of the “substance transfer default” process

unspecified
unspecified
unspecified
unspecified
unspecified
unspecified

unspecified

Input-specific emissions Process-specific emissions  test3

kg 00663  0.006206
kg 168 0
kg 0362  0.001979
kg O 0
kg O 0
kg 0O 0

0 0

kg

Substance transfer - default -to test input-specific emissions

0.06

0 [
0.18
0.36
0
0
0

m

Life cycle impact assessment: characterised impacts

LCIA Method: ‘thETestingMethnd - ‘ | Show per process view
MName Compartment  Sub compartment  IPCC 2007, climate change, GWP 100a
kg CO2-Eg
Sum 4237
Aluminium air unspecified 0 =
Methane, fossil air unspecified 42
Carbon dioxide, fossil air unspecified 0.362
Carbon dioxide, non-fossil unspecified 0

Figure S73: Characterised impacts (subs) of the “substance transfer default” process

Charact. imp.

air

Substance transfer - default -to test input-specific emissions

Life cycle impact assessment: characterised impacts
LCIA Method: | theTestingMethed

v] [ Show per substance view

Figure S74: Characterised impacts (process) of the “substance transfer default” process

Mame

Sum

test3

IPCC 2007, climate change, GWP 100a

kg CO2-Eq
42.37
4.86

Process-specific emissions 37.503

Input-specific emissions

0.001979
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3.3 Use on land (UOL)

The material transfer tab of the UOL process contains all data to calculate the “input-specific” emissions.
“Input-specific emissions” is the sub-process of all emissions coming from data in the Material transfer tab.
As explained in Section I, “process-specific emissions” are elementary exchanges in the “Process
exchanges” tab and each external process used is a subprocess as well.

Material transfer
Use-on-land

Use-on-land
Define distributions of biogenic carbon, nitrogen and phosphorous

[¥] Include substituted flow

Distribution of Carbon (%)
CO; (air) CHs (air) C (soil storage)
80 12 8 |

Distribution of Nitregen (%)
Nz (air) N2O (air) MH:(air) NOs (leaching to GW) NO: (runoff to SW) N (plant uptake) N (soil storage)
73 2 3 4 3 6 7

Distribution of Phosphorous (%)
P (soil storage) PO; (leaching to GW) POs (runcff to SW) P (plant uptake)
73 8 3 10 |

Figure S75: Material transfer for the UOL process

Process exchanges
Use-on-land

i External processes
¢ Add external process

Mame Amount Unit Per Comment

3 [view) test |2 kg kg Total Wet Weight

—) Elementary exchanges

Add elementary exchange

MName Compartment Sub compartment Amount Unit Per

X Aluminium soil agricultural 0.8 kg kg Al

Figure S76: Process exchanges for the UOL process

IfIcall a, b, c, d...n the values input in the 3 tables in the material transfer tab of UOL, the following input-
specific emissions have to be included in the LCI:

e "Carbon dioxide, non-fossil, air, unspecified": input.cbio * a/100 *(2*M_O+M_C)/M_C
e "Methane, non-fossil, air, unspecified": input.cbio * b/100 *(4*M_H+M C)/M_C
e "Carbon dioxide, fossil, air, unspecified" = input.cbio * ¢/ 100 *(2*M_O+M_C)/M_C * (-1)
e "Dinitrogen monoxide, air, unspecified": input.n * ¢/100 *(2*M_N+M_0)/(2*M_N)
e "Ammonia, air, unspecified": input.n * /100 *(3*M_H+M_N)/M_N
e "Nitrates, water, ground-": input.n * g/100 *(3*M_O+M_N)/M_N
e "Nitrates, water, surface water": input.n * h/100 *(3*M_O+M_N)/M_N
e "Phosphate, water, ground-": input.p * I/100 *(3*M_O+M_P)/M_P
e "Phosphate, water, surface water": input.p * m/100 *(3*M_O+M_P)/M_P
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Note that M C,M_O, M_P and M_H are constants of the catalogue of constants and they are the molar
masses of carbon, oxygen, phosphorous and hydrogen.

So the LCI of the subprocess “Input-specific” is calculated in the example like this:

e "Carbon dioxide, non-fossil, air, unspecified": (2.294+3.065) * 80/100 *(2*15.999+12.011)/12.011

=15.71 kg

e "Methane, non-fossil, air, unspecified": (2.294+3.065)* 12/100 *(4*1.008+12.011)/ 12.011 =0.859
kg

e "Carbon dioxide, fossil, air, unspecified" = (2.294+3.065)* 8/ 100 *(2*¥15.999+12.011)/ 12.011* (-1)
=-1.57 kg

e "Dinitrogen monoxide, air, unspecified": (0.09177+0.008217) * 2/100 *(2*14.007+15.999)
/(2*%14.007) =0.00314 kg

e "Ammonia, air, unspecified": (0.09177+0.008217) * 3/100 *(3*1.008+14.007)/ 14.007 =0.00364 kg

e "Nitrates, water, ground-": (0.09177+0.008217) * 4/100 *(3*15.999+14.007)/ 14.007 =0.0177 kg

e "Nitrates, water, surface water": (0.09177+0.008217) * 5/100 *(3*15.999+14.007)/ 14.007 =0.0221

kg

e "Phosphate, water, ground-": (0.01116+0.0003139) * 8/100 *(3*15.999+30.974)/ 30.974 =0.00234
kg

e "Phosphate, water, surface water": (0.01116+0.0003139) * 9/100 *(3*15.999+30.974)/ 30.974
=0.00263 kg

The process “test3” has also emissions as explained in part I: 2*30* {4kg CO2; 2kgCH4} ={240 kg CO2;
120 kg CH4}.

And in “Process-specific emissions”, we have one emission of aluminium of 0.8 kg/kg Al =
0.8*%(0.004975+0.01076) = 0.01259 kg.

LCT
Use-on-land

Life cycle inventory per process

l show per material fraction |

MName Compartment Sub compartment Unit Total Input-specific emissions Process-specific emissions  test3
Carbon dioxide, non-fossil air unspecified kg |15.71 507 0 0
Carbon dioxide, fossil air unspecified kg (2384 -1571 1] 240
Methane, non-fossil air unspecified kg |0.859 0.859 1] ]
Dinitrogen monoxide air unspecified kg |0.003142 0.003142 1] ]
Ammonia air unspecified kg 0.003647 0.003647 0 0
Nitrate water ground- kg |0.0177 0.0177 0 ]
Nitrate water surface water kg 002213 0.02213 1] 0
Phosphate water ground- kg 0.00234 0.00234 0 0
Phosphate water surface water kg |0.002632 0.002632 0 0
Aluminium soil agricultural kg |0.01258 0 0.01259 0
Methane, fossil air unspecified kg |120 0 1] 120

Figure S77: LCI of the UOL process

For characterised impacts per substance, let’s look only at the impact category “Climate change” that has
characterisation factors for “carbon dioxide, fossil, air” of 1, for “Methane, air” of 25, for “dinitrogen
monoxide” of 293:
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- Carbon dioxide, fossil:
amountOfCarbonDioxideFossilInLCI*CharacterisationFactorOfCarbonDioxide =238.4*1 =238.4

- Methane, fossil: amountOfMethaneFossilInLCI*CharacterisationFactorOfMethane =120*25=3000

- Methane, non-fossil: amountOfMethaneNonFossilInLCI*CharacterisationFactorOfMethane
=0.859*25=21.47 kg

- Dinitrogen monoxide:
amountOfDinitrogenMonoxideInLCI*CharacterisationFactorOfDinitrogenMonoxide
=0.003142*%298=0.9363 kg

Charact. imp.

Use-on-land

Life cycle impact assessment: characterised impacts

LCIA Method: |theTestingMethcd > | | Show per process view |

Mame Compartment  Sub compartment IPCC 2007, climate change, GWP 100a

kg CO2-Eq

Sum 3261
Carbon dioxide, non-fossil air unspecified 0

Carbon dioxide, fossil air unspecified 2384
Methane, non-fossil air unspecified 2147
Dinitrogen monoxide air unspecified 0.9363
Ammonia air unspecified 0

Mitrate water ground- 1]

Mitrate water surface water 0

Phosphate water ground- 1]
Phosphate water surface water 0
Aluminiurn soil agricultural 0

Methane, fossil air unspecified 3000.24

Figure S78: Characterised impacts (subs) of the UOL process

In the characterized impacts per process the details of each subprocess: “test3”, “process-specific emission”

are calculated:

- For the subprocess “test3”:
amountOfCarbonDioxideInLCIPerProcess(Test3)*CharacterisationFactorOfCarbonDioxide +
amountOfMethaneInLCIPerProcess(Test3)*CharacterisationFactorOfMethane = 240*1 +
120%25 =3240 kg

- For Process-specific emissions:
amountOfCarbonDioxideFossilInLCIPerProcess(ProcessSpecific)* CharacterisationFactorOfCar
bonDioxide +
amountOfMethaneInLCIPerProcess(ProcessSpecific)*CharacterisationFactorOfMethane +
amountOfDinitrogenMonoxideInLCIPerProcess(ProcessSpecific)* CharacterisationFactorOfDini
trogenMonoxide
=-1.571*1 + 0.859*25 +0.003142*298 =20.84 kg
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Charact. imp.
Use-on-land

Life cycle impact assessment: characterised impacts

LCIA Method: |theTestingMethnd o | ‘ Show per substance view
Mame IPCC 2007, climate change, GWP 100a
kg COZ-Eq
Sum 3261
test3 3240
Process-specific emissions |0
Input-specific emissions  20.84

Figure S79: Characterised impacts (process) of the UOL process

3.4 Emissions to the environment

This process has also a material transfer tab that creates input-specific emissions. In the example following
we see that 2 emissions are coming from the ‘“Material transfer” tab (input-specific emission), while one is

coming from the “Process exchanges” tab (process-specific emission) and we use one external process. So
we have 3 sub-processes.

|Matenal transfer
Emissions to the environment

Emissions to the environment

Define emissions to the environment as transformation of substances

¥ Add new transformation

Material property Transformed at (36) into  Elementary exchange Compartment Sub compartment With the conversion factor Comr
® kg al 25 Aluminium soil agricultural 1

b 4 kg C bio g0 Carban dioxide, fossil | air unspecified -4412

Figure S80: Material transfer for the Emissions to the environment process

Process exchanges
Emissions to the environment

—) External processes

+ Add external process

Mame Amount Unit Per Comment

® [view| test3 2 kg kg Total Wet Weight

—) Elementary exchanges
¢ Add elementary exchange

MName Compartment Sub compartment Amount Unit Per Comment

¥ Aluminium soil agricultural 0.02 kg kg Total Wet Weight

Figure S81: Process exchanges for the Emissions to the environment process

The LCI of the emissions happening in the material transfer is calculated for each line as
amountOfPropertyInlnput *TransformedAtPercent/100 *ConversionFactor

So for our two emissions, it gives:

- Carbon dioxide, fossil, air, unspecified : input.Cbio*80/100*(-44/12) = -15.72 kg
- Aluminium, soil, agricultural: input.A1*25/100*1=0.003935 kg
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For the other emissions, it happens as explained in part I: we have an (additional) emission of aluminium of
0.02*30=0.6 kg and emissions from test3 of 2*30* {2kg CH4; 4 kg CO2} = {120 kg CH4; 240 kg CO2}.

La
Emissions to the environment

Life cycle inventory per process

| Show per material fraction |

Name Compartment Sub compartment Unit Total Input-specific emissions Process-specific emissions  test3
Aluminium soil agricultural kg 0.604 0.003935 0.6 0
Carban dioxide, fossil air unspecified kg 2243 -15.72 0 240
Methane, fossil air unspecified kg 120 0 0 120

Figure S82: LCI of the Emissions to the environment process

The “characterised impact per substance” tab shows as usual for each elementary exchange, the total amount
multiplied by the characterisation factor.
Charact. imp.
Emissions to the environment

Life cycle impact assessment: characterised impacts

LCIA Method: |thETE5tingMethnd - | | Show per process view
Marme Compartment  5Sub compartment IPCC 2007, climate change, GWP 100a
kg CO2-Eq
Sum 3225
Aluminium =il agricultural 1]
Carbon dioxide, fossil air unspecified 2243
Methane, fossil air unspecified 3000.24

Figure S83: Characterised impacts (subs) of the Emissions to the environment process

And the characterised impact per process shows for each subprocess, the sum for all elementary exchanges
of amount multiplied by characterisation factor:

- For the subprocess “test3”:
amountOfCarbonDioxideInLCIPerProcess(Test3)*CharacterisationFactorOfCarbonDioxide +
amountOfMethaneInLCIPerProcess(Test3)*CharacterisationFactorOfMethane = 240*1 +
120%25 =3240 kg

- For input-specific emissions:
amountOfCarbonDioxideFossillnLCIPerProcess(ProcessSpecific)* CharacterisationFactorOfCar
bonDioxide =-15.72*1 =-15.72 kg
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P

Emissions to the environment

Life cycle impact assessment: characterised impacts

LCIA Method: [theTestingMethuu:l - l [ Show per substance view ]
Mame IPCC 2007, climate change, GWP 100a
kg CO2-Eq
Sum 3225
test3 3240
Process-specific emissions 0
Input-specific emissions | -15.72

Figure S84: Characterised impacts (process) of the Emissions to the environment process
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PART IV: CASE STUDY

In this document are presented screenshots of how the systems were implemented in EASETECH. Please

refer to the original paper by Clavreul et al. (2012) for further details.

1 Scenario construction and data input

The name of the template used to build each module is provided, as well as screenshots showing the data.
Note that parameters were used in some number fields, there value is given in the Section 3 of this Part III.

1.1 Incineration scenario

Material generation, based on “Material generation” template:

Scenario 1

I k.
i e = 00y Utilization of fy sshes
Bs o F Y

4 [ !
- | } | Decreasect | 52
T - | — wwte (X
Materia : TARIpOM - ! energy content .| neinertion
generstion - ) Colledtior ' 10m L due 1o water ¥ plant | J |
| | | evaparstion | |

+vwr-| - qurul-)l(.

E 1 L Lanatiil | ke ] | - |
| o T kandifill beachare | il i
>I§ \l ranspont wmim-—‘fl. I I| 1 | collection i : ;,;‘J“:‘,m::w>I<
1 i L
\I |
| Stared cnmmar;)l(

Material transfer

Material generation

Material generation: amount and fractions

Total amount (ka) 1000

[T] include upstream impacts

Add fraction
Material fraction %

iﬂ Vegetable food waste 624

#® Animal food waste 196

# Kitchen towels 65

# Dirty paper 04

¥ Dirty cardboard 03

¥ Non-recyclable plastic 11

¥ Yard waste, flowers 71

M Animal excrements and bedding (straw) 16

|x Wood 07

¥ Other combustibles 01

® Soil 01

¥ Other non-combustibles 01

: 113 : ”» .

Collection, based on the “Basic process” template:

Process exchanges

Collection

— External processes

Add extenal phoCeds
Name Amount Unit Per Comment

X |view| Collection Vehicle, 10t Eurod, urban traffic, 1 ter diesel, 2006 0.00327"ghg_dsesel | kg Total Wet Weight

- Elementary exchanges
Add eementary exchange

Transport, based on the “Basic process” template:

Process exchanges
Transport - 10 km
= External processes
Add extemal process
Name Amount Unit Per Comment
X |view Collection Viehicle, 10t Euro3, urban traffic. 1 liter diessl, 2005 10*0.00005"ghg_diessl kg Total Wet Weight change the 1 by the number ¢
= Elementary exchanges

Aad e ementsry eachEnge
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Decrease of energy content due to water evaporation, based on the “Change of energy content” template:

| Decrease of energy content due to water evaporation
Change of energy content
Energy lost due to: | Water -
¥ Add fraction

Fractson name  Change in energy (MJ/unit)
Default -245

Incineration plant, based on the “Substance transfer, default” template (note that the template “Substance

transfer, per fraction” could have been used instead offering the possibility of giving different values to

different material fractions):

Material transer
Incineration plant

Substance transfer - default

Define transfer coefficient (applied to all material fractions)

¥ Ada materal property

Material property  Fly ashes (%) air - unspecified (% Waste water (%)
® Water 0 o o
K Vs o [ o
M Azh 126 [} o
X Energy 0 0 0
X Cbio 0 100 o
¥ C bio and o o o
X C fousil o 100 o
|% 31213 01073 62.46
XS 60.91 0099 15
X A a9 oozl 04554
X Cd BB.13 0.0064 Qo3
R Hg 9625 0.7475 00936
xCr 1677 0.03%4 00454
X Cu 135 0.00261 ools?
X Fe 106 0 ool8
X Mo 34 0 oes17
® N 1256 0039 00873
N e 5129 0.00081 02384
| ® Sb 5984 00119 1234
| X Sn 4818 0 0064

Bottom ashes (% -

coocoooo

5.303

23991

4061
1183
2000
8315
9263

96,622

96.51
8732
4847
3881

[s1.78

Degradation (%)

Material transfer | Process sschanges = Documentation | LCT | Charsct imp. | Norm. imp. | Weight. imp. | Composition

[View)| L/STTICT HEGTING, METgINgl aVErage, (LK), KWN, ZULs
sodium hydroxide, 50% in H20, production mix, at plant, RER

lime, hydrated, packed, at plant, CH
limestone, milled, packed, at plant, CH

polyethylene, HDPE, granulate, at plant, RER

hydrachloric acid, from the reaction of hydrogen with chlorine, at plant, RER

Marginal Electricity Consumption incl. Fuel Production, Coal, Energy Quality, DK, kWh, 2006 elec_rec/100/3.5*ghg_elec*(-1)
Marginal Electricity Consumption incl. Fuel Production, Coal, Energy Quality, DK, kWh, 2006 elec_cons/1000%ghg_elec

g

Ada output

column

4

Add
ompartmert

Neat_rec; LW 3.0°gng_neat (-1] KW M) em

Elementary exchanges
¥ Add elementary exchange

Mame Compartment Sub compartment
Carbon monoxide, fossil air

Dioxins, measured as 2 3,7 8-tetrachlor air

Hydrogen chloride air

Transport 500 km (boat), based on the “Basic process” template:

non-urban air or from high stacks 3.3E-05 kg kg Total Wet Weight
non-urban air or from high stacks 18E-14 kg kg Total Wet Weight
non-urban air or from high stacks 33E-06 kg kg Total Wet Weight

24E-05 kg kg Tat
0.00034 kg kg Tat
0.00567 kg kg Tat
GE-07 kg kg Tat
3.6E-06 kg kg Tat

kWh M) En

kWh kg Tat

Amount Unit Per Comment

SI - 60



Processexchanges
Transport - 500 km (boat)
‘= External processes
| ¥ Add external process

2 Name Amount Unit  Per Comment
2 [view] Bulk carrier ocean; technology mix; 100.000-200.000 dwt, ELCD, 2005 0.00569%1.765*500"1e-3 kg"km kg Total Wet Weight 0.00569°1.76e-5 kgkm /km/tc
= Elementary exchanges

Utilisation of fly ashes, based on the “Basic process” template:

lization of fiy ashes
= External processes
I # add external process

2 Name Amount Unit Per Comment
% (v mestone, milled, packed, at plant, CH -0.03% kg kg Total Wet Weight substituted due to alkaknity of the residues
M (e Production and Combustion of Diesel O in Truck, EUZ, 1998 0.0006 kg kg Total Wet Weight Used for mising the residues and pumping them to quarry
% (yime] Marginal Electricity Commumption nel. Fusl Production, Coal, Energy Quality, DK, kWh, 2006 0.013°ghg slec KWh kg Total Wt Weight Used for maing the residues and pumping ther 1o quay
‘= Elementary
=B exchanges

. Mame Compartment Sub compartment Amount Unit Per Comment.
X Lead water surface water 31610 kg kg Total Wet Weight Waste water emissions from quarry
R Mercury water surface water 61611 kg kg Total Wet Weight Waste water emissions from quarry
N Subtate water surlsce water 000082 kg kg Total Wet Weight Waste water emissions from quarry
% Chionde water sufacewater 00052 kg kg Total Wet Wesght Waste water emissions from quarry
X Zinc ion water surface water L14E-DB kg kg Total Wet Weight Waste water emissions from quarry
M Nickel ion water surface water LSE-09 kg kg Total Wet Weight Waste water emissions from quarry
% Thallium water surtace water 41610 kg kg Total Wet Weight Waste water emissions from quarry
M Cadmium, ion water surface water 31E09 kg kg Total Wet Weight Waste water emissions from quary

Waste water treatment plant, based on the “Substance transfer - default” template:

Misterial transfer
WWTP
Substance transfer - default

Define coefficient to all fractions)

§ Add material property -y

 Material property  water - surface wat  Degradation (%) Add output
X
xo
t s
X Ne
A
t 53
XA
K s
% cd
® Cr
x Cu
®Fe
X Hg
x Mg
®x Mn
X Mo
® N
® e
® s
® 5n
X in

BLLLGGLEELEGLHEELBEEEELRGE
annaRnonangEnaAnRARnRn

¥ Name Amount Unit  Per Comment
2 [yiew) Marginal Electricity C ion incl. Fuel Production, Coal, Energy Quality, DK, kiWh, 2006 0.004  kWh kg Totsl Wet Weight
= Elementary exchanges

|
! & Acd elementary exchange

Transport — 50 km, based on the “Basic process” template:
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Process exchanges
Teaneport - 30 km
- External processes

# Ade external process

4 Mame Amount  Umit Per Comment
% [wiew| Road, Long haul truck, Euro3, 25t Generic, 2006 50°0.00003 | kg Total Wet Weight adjust km

- Elementary exchanges

§ Acd elementary exchange

Landfill leachate generation, based on the “Leachate generation” template:

Landfill leachate generation

- External processes
¥ Add external process

- Mame Amount Unit Per
% (view| Marginal Electricity C ption incl. Fuel Productian, Coal, Energy Quality, DK, kWh, 2006 0.003"ghg_elec kWh kg Total Wet Weight
% (View diesel, at regional storage, RER 0.001 kg kg Total Wet Weight

Comment

‘= Elementary exchanges

Landfill leachate g
| Leachate generation
| Time period duration (years) Define leachate concentrate (in mg/L)
F—— jon | Net inhitration { Time horizon of the inventory (in years) 100 & Acd sbs
: : :e m Height of fayer (m) 2  Mame Time period 1 Time period 2 Time period 3 Time period 4 -
| Duration (yrs) 20 0 30 0 Adg tme
Bulk density (U'm") ® Ca 400 150 80 70 pariod
% sn 0003 00015 00007 00007
X sb 003 003 [T} 003
% Mo 0s 02 a1 005
X e oot o0 on 0oL
% Mn 0.007 0003 0001 00009
® In 002 05 o0 001
% Mg 08 04 02 01
o as 0015 0.008 0003 0001
| s 300 120 50 0
% x 500 200 B0 35
% Cr 00025 0004 0004 0003
% Cu 15 05 02 01
% Hg 00005 0.0002 GE-05 2805
X Cd 0002 5605 SE-05 2.56-05
Ll 025 013 006 004
® Ne 2000 700 300 80
® N oo on 0.003 0001
| x cl 3000 1000 300 a0
X Q0025 0002 o002 0,002
x a0 0 &0 50

Stored ecotoxicity, based on the “Substance transfer — default” template:
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|Material transfer
| Stored ecotoxicity

| Substance transfer - default
Define transfer coefficient (applied to all material fractions)

4 Add materisl property

|| % Ca 50
|| 50
|| F 50
|[% = 50
XK 50
|| N 50
|| % Na 50
(|0 50
|[|%P 50
||% s 50
|| % Ag 50
® Al 50
" As 50
KB 50
X Ba 50
N Be 50
*® Br 50
®cd 50
X Co 50
xCr 50
X Cu 50
N Fe 50
X Hg 50
% Mg 50
® Mn 50
® Mo 50
® N 50
X Pb 50
¥ sb 50
[ se 50
X Mo
X Ni
X Po
X So
X Se
¥ Sn
X 5
R
nv
X In

58858888888

Leachate collection, based on the “Mass transfer over years” template:

Material transfer
Leachate collection

Material property  soil - stored (%)

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

BB88888888

water - stored (%)

coocococoocoo0 D000000000000000000000000000O0O0O

Degradation (%) Aod output

column

m

i

Mass transfer over years

Time period duration (years)

® B0
® B3
® Bss

Time period duratic Collected %

a7
90
80

Not collected % -
3

10

20

Waste water treatment plant, based on the “substance transfer — default” template:

=

i Add output

column
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[Vpremsy

WWTP - leachate

Substance transfer - default

Define transfer coefficient (applied to all

g 3 Add material property Sy -y
_ Material property  water - surface wati  Degradation (%) Add output Add

®ca 15 85 column  compariment
®xa 15 85

® K 13 &5

® Na 15 85

ne 15 85

s 15 85

®a 15 85

® A 30 70

X cd 15 85

% Cr 70 30

B Cu 50 30

K Fe 15 &5

K Hg 15 &5

% Mg 15 8

X Mn 15 B85

® Mo 15 BS

K Ni 15 &5

® o 15 85

® sb 15 85

® sn 15 &5

% In 30 70
Process exchanges

WWTP - leachate

= External processes

¥ A0g extermal process
i Name Amount Unit Per Comment

2 (view] Marginal Electricity C ption incl. Fuel Production, Coal, Energy Quality, DK, kWh, 2006 0,008  KWh kg Total Wet Weight

= Elementary exchanges

| 4 Add elementary exchange

Emissions to groundwater, based on the “substance transfer — default” template:

0 e

Emitted to g

Substance transfer - default
Define transfer coefficient (applied to all

4 Add material propesty

® Ca
xa
WF
nH
® K
L]
M Na
Ko
ne
Ks
% Ag
® A
X as
t 1]
X Ba
X Be
® Br
X cd
X Co
X Cr
®x Cu
N Fe
¥ Hg
® Mg
® Mn
% Mo
|28 ni

B8EEBEBBBEEREBE88EEEE8E88EE

.
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* Mo

100 0
® Ni 100 0
o P 100 o
% sb 100 0
B se 100 1]
X Sn 100 ]
X Sr 100 ]
xT 100 ]
®xv 100 o
®In 100 ] L 4

1.2 Anaerobic digestion (AD) scenario

Material generation, based on “Material generation” template:

Scenario 1

[~
Materisl ¢
| :

Material generation

Material generation: amount and fractions
Total ameunt (kg) 1000

[ Include upstream impacts

-‘ Add fraction Normalise composition to 100%

Matenal fraction %
R Vegetable food waste 624
R Animal food waste 196
| % Kitchen towels 65
X Dirty paper 04
% Durty cardboard 03
¥ Non-recyclable plastic 11
X Yard waste, flowers 74
X Animal excrements and bedding (straw) 16
¥ Wood 07
¥ Other combustibles 01
X Seil 01
K Other nor bustibk 01

Collection, based on the “basic process” template:

Processexchanges

_Collection
= External processes
# Add external process
Name Amount Unit Per Comment
2 (view] Collection Vehicle, 10t Euro3, urban traffic, 1 liter diesel, 2006 0.0072"ghg_coli"ghg_diesel | kg Total Wet Weight
= Elementary exchanges

& And slementar sxchanne

Transport, based on the “basic process” template:

= -
p 10 km
= External processes
¥ Add externa| process
Name Amount Unit Per Comment
¥ (viuw| Collection Vehicle, 10t Euro3, urban traffic, 1 liter diesel, 2006 10°0.00009°ghg_diesel | kg Total Wet Weight change the 1 by the number ¢

= Elementary exchanges
4 Adg eemertary exchange

Anaerobic digestion, based on the “Anaerobic digestion” template:
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A ic digesti
Anaerobic digestion
Define gas yield as proportion of degradable carbon Parameters related to biogas g i Define transfer coefficient to gas and digesta
# xssracion “Theonal sl CHinbioges [ Viewctuts | Forsatnce (Mo )
. Fraction name Vields (% C bio and) - Partitioning of CO; between gas and liquid phases calculated with: B Ada traction
X Wood 5 . o [ ] : )
M Animal excrements and beddi 70 2’““‘““’"?‘“““& (332 | . Fraction name Gas Digestate
2 Yard waste, flowers 70 Measured CHa % in biogas chd_biogas Default 40 60
SD_in)'pqm 5 = - Jatail 3o iriane Bl
% Kitchen towels 5
M Animal food waste yield Loss of VS related to loss of biogenic carbon 145
M Vegetable food waste yield
Default 0
Anaerobic digestion
(=) External processes
! 4 Add extemal process
i Name Amount Unit Per Comment
2 (viswe| Marginal Electricity C ption incl. Fuel Production, Coal, Energy Quality, DK, kWh, 2006 elec_ad/1000"ghg_elec kWi kg Total Wet Weight |
% (view| diesel, at regional storage, RER 0.0009"ghg_diesel kg kg Total Wet Weight

CHP gas engine, based on “Emissions to the environment” template:

Material transfer
CHP gas engine

Emissions to the environment
Define to the
# A new

C Sub

. Matenal property
¥ mr3cHe
B m*3CHa
® m~3co2
® kg Hg

at (%) into E ¥
Methane, non-fossil air

Carbon diaxide, non-fossil air

 Carbon diaxide, non-fossil air

Mereury

i With the conversion factor  Comment
non-urban air or from high stacks 16/22.4 Unburnt methane

' non-urban sir or from high stacks 44/22.4 Burnt methane
non-urban sir or from high stacks 44/224

| unspecified 1

iy

CHP gas engine

= External processes
| ¥ age extemal process

Addition of water, based on the “Water content” template:
Material tarsfee
Addition of water

Water content
Define the new water content

4 Aad traction

% of wet weight
100-we_dig

. Fraction name
Default

Transport of digestate, based on the “Basic process” template:

g MName Amount Unit Per Comment
2 (Vo] Marginal Electricity C: inel Fusl P Coal, Energy Quality, DK, kWh, 2006 (1-unburmt_ch4/100) elec_rec_ad/100%(-1)"CH4_LHV/3.6°ghg_elec kWh m*3 CHe Elec rec 39% with 2% lea
2 [vima] District Heating, marginal sverage, (DK), kWh, 2012 (1-unburnt_chd/100)"heat_rec_sd/100"(-1)°CH4_LHV/3.6"ghg_heat kWh m*3 CH4 Heat rec 46% with 2% lef
ol m ] »
SH }
| % Aod elementary exchange
. Name Campartment Sub compariment Amount  Unit Per Camment
W Nitrogen cudes air non-urban air or from high stacks 000268 kg m*3CH4
R Dwitrogen moncode ar non-urban air or from high stacks 2456-06 kg m*3CH4
¥ Sulfur dioxicle air non-urban air of from high stacks 9.56-05 kg m*3CH4
® Methane, non-fossil air non-urban air or from high stacks 0.0016 kg m*3CHe
R Carbon monoxide, non-fossil air non-urban air or from high stacks 0.001354 kg m*3CH4
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d Name Amount Unit Per Comment
% [view] Road, Long haul truck, Euro3, 25t Generic, 2006 dist'0.00003"ghg diesel | kg Total Wet Weight adjust km
'~ Elementary exchanges

Use on land, based on the “Use on land” template:

Use-on-land
Use-on-land

Define distributions of biogenic carbon, nitrogen and phosphorous
[T] Include substituted flow

Distribution of Carbon (%)
€CO: (air) CHa air) € (soil storage)
87 0 13

Distribution of Nitrogen (%)
Nz (air) N:O (air) Nﬂaﬁ'ﬁ_mmmm NQ; (runoff to SW) Nmm_uww
50.6 14 1 22 25 o 0

Distribution of Phosph (%)
P {soil storage) PO; (leaching to GW] PO; (runoff to SW) P (plant uptake)
100 0 ] 0

Use-on-land
'~ External processes
# Aga extemal process

4 Name Amount Unit Per Comment
% (Viow] Production and Combustion of Diesel Oil in Truck, EU2, 1998 0.00057°ghg_diesel kg kg Total Wet Weight
% [iew! Average P Fertilizer, Europe, 1997 -1 kg kgP
% [view] Average N Fertilzer, Europe, 1997 nfert/100%(-1)"ghg.n kg kg N
% (view] Average K Fertilizer, Europe, 1997 -1 kg kgk
(=) Elementary exchanges

& Acg eemertary excrange

. Name Comy Sub comp Amount Unit Per Comment
% Mercury soil agricultural 1 kg kgHg
R Aluminum soil agricultural 1 kg kgAl
X Arsenic soil agricultural 1 kg kghs
% Cadmium soil agricultural 1 kg kgCd
% Chromiym soil agricultural 1 kg kgCr
¥ Copper soil agricultural 1 kg kgCu
* fron soil agricultural 1 kg kgFe
K Molybdenum soil agricultural 1 k3 kgMo
% Nickel soil agricultural 1 kg kg Ni
¥ Lead soil agricultural 1 kg kgPb
® Zinc soil agricultural 1 kg kgZn
*® Magnesium soil agricultural 1 k3 kgMg
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2 LCIA methods used

Table S2: Environmental impact categories and normalization references of the ILCD recommended

methods. References given are first to method, next to normalization references.

Impact category Method Unit Normall- Year and space of normalisation,
sation factor reference, remark
Climate chan IPCC kg CO,-E 7730 Laurent et al., 2011a
¢ change (Forster et al., 2007) &Pk rrent €t al.,
. EDIP97 (WMO) kg CFC-11-

Ozone depletion (Wenzel et al., 1997) Eq 2.05E-2 Laurent et al., 2011a
Human toxicity, cancer | USEtox (Rosenbaum et CTUh 3.95E-5 Laurent et al., 2011b
effects al., 2008)
Human toxicity, non- USEtox (Rosenbaum et CTUh 8.14E-4 Laurent et al., 2011b
cancer effects al., 2008)
Particulate matter/ Updated from Humbert
respiratory inorganics (2009), from SI of kg PM, s-eq 4.71 From SI of Laurent et al. (2012)

piratory morg Laurent et al. (2012)

e . ReCiPe -
Acidification (Van Zelm et al., 2008) kg SO,-Eq 49.9 Sleeswijk et al., 2008
Eutrophication, CML Huijbregts et al, 2003 and
terrestrial (Guinée et al. 2002) kg NOx-Eq 356 CML(2012) ®
Photochemical ozone ReCiPe ..
formation (Van Zelm et al., 2008) kg NMVOC 52.9 Sleeswijk et al., 2008
Eutrophication, ReCiPe ..
freshwater (Van Zelm et al., 2008) ke P-Eq 0.69 Sleeswijk et al., 2008
Ecotoxicity USEtox
(freshwater) (Rosenbaum et al., 2008) CTUe 5060 Laurent et al,, 2011b
Resource depletion, CML(Guinée et al., 2002) | Kgantimony- | o Guinée et al., 2002

mineral and fossil

Eq

TCalculated based on population in EU-15 1995 assumed to: 380 million, and the total value for 1995: 1.4E+11 kg PO43- eq. / yr

3 Uncertainty propagation

In this section we present briefly how uncertainty data is input in EASETECH, how systems are

parameterized and how results are displayed.

3.1 The table of parameters

Parameters are added simply by specifying a name to the parameter, a default value and a list of values to be

used when running calculations in “sensitivity analysis” mode.
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=
Search
Mame Default Value SA Values Selected
R (2 plastic 112 1.228 1.46, 0.8386, 1454 1236, 1.291, 0.795:
K7 we 67.1 60.27, 74,15, 67.67, 64,16, 65.68, 67.5, 70.11, 7
K7 hy 19.21 19.14, 19.63, 18.39, 17.97, 17.89, 19.37, 17.59,
K (7 ghg_diesel 1 0.0393, 0.0641, 1,065, 0.0407, 1.041, 0.8652, 0
xz ghg_elec 1 1.068 1.018 0.9324 09882 0.8954, 1.02, 0.9¢
%K (7 ghg_heat 1 1.046, 1.146, 0.9954, 0.8872, 1.032, 1.075, 0.7:
7 ghg_coll 1 1.067, 1.224 0.8462, 1,22, 1.071, 1.107, 0.824¢
K7 dist 30 7.074,133.2 33.83, 16,11, 22.2 3264 56.71, ¢
RK('7 chd pat 450 447.6,435.3, 4207, 454.9, 469.1, 448, 472.8, 4
K7 chd_biogas 63 62.8, 64.26, 60,55, 59.29, 59.03, 63.49 5845, ¢
W[ 7 elec_ad 489 53.99, 47.03, 40.45, 47.04 4843, 48.35, 44,38,
M (# elec_rec_ad 39 40,59, 37.6, 37.13, 34.32, 41.39, 38.1, 37.97, 3¢
W7 heat_rec_ad 45 43,52, 45,37, 44.78, 49,3, 52,53, 46,86, 45, 50.1
W7 yield 70 73.35, 70.57, 65.78, 68.79, 62.35, 61.89, 66.52,
' # unburnt_chd 2 1.053, 1.846, 2.386, 2.076, 1.909, 1.802, 2.239,
Hir we_dig 3 4,344 3418 1,602 2,721, 1.205, 3452, 1.817,
(7 cseq 13 10.78, 11.38, 12.09, 12.56, 14.45, 16.83, 14.15,
W7 nfert 40 43,11 47.7, 39,67, 39.1 42,18, 44,77, 30.08, 31
Kz ghg_n 1 0.9058, 0.9438, 1.105, 0.9079, 1.066, 0.7955,0
(7 n2o_uol 14 1.737,3.01, 1.159, 0.5215, 2.342, 1668, 1.334,
(7 veqg_of food 76.1 7562, 73.15, 70.24, 77.08, 79.92, 75,7, B0.66,
Save ¥

Mame parameter_1

Default value 1

SA values 1,37

To run the calculations in “sensitivity analysis” mode, at least one parameter has to be selected and then the

user should click on the “Run Sensitivity analysis” button.

=]
Search
MName Default Value SA Values Selected
K plastic 112 1.225 1.46, 0.8386, 1.454, 1.236, 1.291, 0.7952
®K(7 we 67.1 60.27, 74.15, 67.67, 64.16, 85.68, 67.5, 70.11, 7
RKZ hy 19.21 19.14 19.63, 18.39, 17.97 17.89, 19.37, 17.69,
K7 ghg_diesel 1 0.9393, 0.9641, 1.065, 0.9407, 1.041 0.8652, 0
¥+ ghg_elec 1 1.068, 1.018, 0.9324, 0.9882, 0.8954, 1.02, 0.9¢
7 ghg_heat 1 1.046, 1.146, 0.9954, 0.9872, 1.032, 1.075, 0.7:
(7 ghg_call 1 1.067, 1.224, 0.8462, 1.22, 1.071, 1.107, 0.824¢
Rz dist 30 7.074,133.2, 33.83, 16,11, 22.2 3264 56,71 F
X7 chd_pot 450 A47.6, 435.3, 4207, 454.9 469.1, 448 4728 4
¥4 chd_biogas 63 62.8, 64.26, 60.55, 59.29, 59.03, 6349, 5845, ¢
K7 elec_ad 489 53.99 47.03, 49.45, 4794, 4843, 4835, 4438,
W ('# elec_rec_ad 39 40,59 376, 37.13 34.32 4139 381 3797 3¢
W (# heat_rec_ad 48 43,52, 4537, 44.78, 49.3, 52.53, 46.86, 45, 50.1
Wi yield 70 73.35, 70.57, 65.78, 68.79, 62,35, 61.89, 66.52,
® (7 unburnt_chd 2 1.953, 1.846, 2.386, 2.076, 1.909, 1.802, 2.239,
7 we_dig 3 4,344 3418 1602, 2721, 1.205, 3.452, 1L.817,
H# cseq 13 10,78 1138, 12.09, 12.56, 14.45, 16.83, 14.16,
K7 nfert 40 43,11, 47.7, 39,67, 39.1, 42,18, 44.77, 30,06, 31
¥ (# ghg_n 1 0.9058, 0.9438, 1,105, 0.9079, 1.066, 0.7935, 0
®(# n2o_uol 14 1.737,3.01, 1.159, 0.6215, 2.342, 1,669, 1.334,
¥ (# veg_of food 76.1 75.62, 73.15, 70.24, 77.08, 79.92 75.7, 80.66,

" Add new parameter

[ stop Sensitivity Analysis | | Select All
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3.2 Material generation

The following figure is a screenshot showing how the waste generation was parameterised using four

parameters: the content of plastic in the waste (“plastic”), the water content of the whole waste (“wc”), the
lower heating value (“hv”) and the methane potential (“ch4 pot”). It can be observed that to parameterize

material generation, we use a different process than the classical one (presented in section Part 11, Section

1.3). This process allows free definition of amounts of different properties. The screenshot presents the
formulas used for the water content in the 12 material fractions. The pop-up window on the right side shows

the table of parameters where all parameters are defined, together with their default value and the list of

numbers to be tested. Here each parameter has a list of 1000 values randomly sampled in the distributions

defined earlier. This lists of random values were obtained using a small excel macro.

File View Catalogues
-Mnlanalpmcsse. 01X Scenario 1

I Material generation [ i
Source sap _ N cHP gas snging ] ame
Collection et | i } | G Ll ! | % (# plastic
Transpart emeen | J T caliscrzn [-—rl i I : ::::_/ we
MRF r [ rand | %2 v
Mixed waste Landfills / \‘ e J‘-'I e | % ghg_diesel
Material recyciing ﬁ!nm! | VE— T %7 ghg_elec
Thermal treatment ::m';::‘_*"l | %7 ghg_heat

I Landfill mineral waste | % (7 ghg_coll
Ash treatment | % (7 dist
Biological treatment | (4 chd_pot
Use-on-land Matesial generatian . with pasameters | (7 chd_biogas

I Template | (7 alec_ad
Recovered processes Material transfer | % elec_rec_ad

Material generation - with parameters

| 3 (7 heat_rec_ad

X Dty cardboard 0.0021397(1-plastic/ 1000/
% Non-recyclable plastic  plastic/100"1000"we/100°0.07
X Yard waste, flowers 0.070689"(1-plastic/100)/(1-0

® Animal excrements and | 0.016389°(1-plastic/100)/1

X Wood 0.007306"(1-plastic 1000/
¥ Other combustibles 0.001448°(1-plastic/ 1000/
XK Soil CL00609%(1-plastic/ 1!

M Other non-combustible | 0.000858°(1-plastic/100)/{1-0.0;

Material p. i’::a]ecu”
EASETECH Saurce: C\Users\Julie\ Deskiop!CourseDatabase

239)"1000"we/ 1000131067096
67096

239)" 1000 wc/ 100" D AE2/0.67096
239)" 1000"wo/ 100 0.604/0.67096
239)*1000"wo/1000.153/0.67096
" 1000"wc/100"0.095/0.57096

1230)"1000" we/100°0.456/0.67006
11239)"1 000" we/100°0.366/0.6 7096

3.3 Material composition calculation

. i . | % (7 yield
Material generation: manual input ;m_, S
Fraction name Water (kg) | ¥ (' we_dig

® Vegetsble food waste | 0.820233(1-plastie/100)/{1-0.011239)"veq_of food /100"1000"we/100"0.77/0.67096 |3 (7 cseq

® Animal food waste | 0.820233"(1-plastic/100)/{1-0.011239)"(1-veg_of_food/100)"1000"we/100°0.571/0.67006 | % (# nfert
M Kitchen towels 0.06516°(1-plastic/100)/1-0.0 *1000"we/100"0.468/0.67006 (%7 gha.n
X Dirty paper 00041 37(1-plastic/ 10001 " 10007 we/100"0.245/0. 67096 | ¥ (# n2o_ual

OOA-0.011238) 009" 950
0.000609"{1-plastic/L00)/11-0.011239)"(1-we/L00~0.456/0,6 70960}

M. = =]
Search

Default Value SA Values Selectad
112 1228 146, 0.8386, 1454, 1.235, 1.291
67.1 60.27. 74.15, 67.67, 64.16, 65.68, 67.5,7
191 19.14, 19,53, 18.39, 17.97, 17.89, 19.37,
1 09353, 0.9541, 1.065, 0.9407, LO41 D.
1 1068, 1018, 0.9324, 0.9882, 0.8954, L1
1 1046, 1.146, 0.9954, 0.9872, 1.032 1.0
1 5 2
30 70741332 3383, 1611
450 4475, 4353, 4207, 454.0 4601 448 4
B3 B2.8, 54.26, 60,55, 5029, 59,03, 6349, ¢
489 53.00 47.03 4045 4704 4843 4835
9 40.59. 376, 37.13, 3432, 4130, 381, 3
46 4352 4537, 4478 483, 5253 4686«
0 73.35, 70.57, 65.78, 68.79, 62.35, 61.89.
2 1953, 1.B46, 2.386, 2 1.909, 1.80Z,
E 4344 3418 1602 2 205, 3452
13 10,78, 1138, 12.09, 12.56, 14.45, 16.83,
40 43.11 477, 39.67,39.1 42.1B 4477, 31
1 0.9038, 0.943E, 1.105, 0.9079, 1.066, 0.
14 1737, 301, 1155, 06215, 2342, 1.665,
761 75,62 7315, 70.24, 77.08, 7992, 757, |

| % (# veq_of food

¥ Add new parameter

[ Stop Sensitivity Ansiysis | | Select All |

0as . -26.9/10071000
1-43.9/200)71000

0.D00658°(1-plastic/100)/(1-0.011230)"(1-we/100"0.365/0.670960)"{1-07.7/100)1000

¥ Agd fraction

Material transfer ' Process exchanges | Documentation | LCT| Charact imp. [ Naem. imp. I in\leigl\l imp, I Cnmpmili.nn |

The output of this process can be computed and is presented in the next figure. It can be observed that each

result field shows the 1000 values obtained as a result of the computation with 1000 values for each

parameter. All table results can always be copied and pasted into Excel, which offers simple tools to convert

a cell of 1000 values into 1000 cells that can be easily analysed.
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Source separation

Sankey diagram
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Material
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Transport
I MRF

J J

i + Collaction | |
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ic 4 ir

Tranzpart -
l 10km

L

Transport -

Mixed waste Landfills

Material recycling
Thermal trestment

Material
generation - witl
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Landfill mineral waste

Ash treatment

Biclogical treatment

Use-on-land

30km

7 1 digestion 9—4\[ ko [
l e \]H[\ [J:h}l\ Use-on-land

Template

Compasition

Recovered processes

Material generation - with parameters - Waste DK 2005

Display |Default - |

Fraction name
Sum

Vegetable food waste

Animal food waste

Kitchen towels

Dirty paper

Dirty cardboard

Non-recyclable plastic

Yard waste, flowers

Animal excrements and bedding (straw)
Wood

Other combustibles

Sail

Other non-combustibles

Total Wet Weight (kg)
999.9,999.9, 999.9, 999.9, 999.9, 999.9, 999.9, 999.9, 939.9, 999.9, 999.9, 999.9, 999.9, 999.9, 999.9, 999.9, 999.9, 999.9, 999.9, 999.9, 999.9, 999.9, 999.9, 999.9, 999.9, 999
6136, 598, 577.8, 630.1, 654.8, 6193, 663.8, 664.0, 673.1, 692.2, 647.9, 660.1, 5713 684.2, 654.9, 6707, 611, 6325, 6803, 6226, 634.4, 680.9, 624.1, 5936, 7311, 6305, 664.3, 5027, 6/
1998, 2195, 2448, 187.4, 1645, 199, 1592, 150.2, 1487, 1289, 1756, 158.8, 245.2, 133.8, 1666, 1514, 2049, 186.5, 1366, 195.5, 1258, 120, 202.1, 225.8, 911, 1408, 1564, 229.5, 168.
65.09, 6494, 65.35, 64.94, 65,09, 65.05, 6335, 6347, 63.28, 65.23, 6542, 63.06, 64.87, 64.09, 63.26, 65.31, 64.89, 63,09, 64.93, 64.99, 65,16 65.05, 65.64, 63,1, 65.32, 65.24, 65.2, 65.32, 64
4126, 4.116, 4142, 4116, 4125, 4123, 4,144, 4.149, 4138 4135, 4,146, 4123 4111 4119 4136, 4.14, 4113 4125, 4115, 4110, 413, 4123, 4.16, 4126, 4.14, 4.135,4.132, 414 4119,
2137, 2132, 2.145, 2132, 2137, 2135, 2.146, 2.149, 2.143, 2141, 2.147, 2136, 2129, 2133, 2142, 2144, 2,13, 2137, 2,131, 2.133, 2139, 2.135, 2.155, 2137, 2144, 2142, 214, 2,144, 2.
12.28, 146, 8.386, 14.54, 1236, 1291, 7.952, 6599, 9.424, 10.15, 7,341, 12,82, 15,72, 13.86, 9.687, 8.929, 15.39, 12.36, 1474, 13.82, 11.31, 1293, 3.999, 12.17, 8,817, 9.994, 10.68, 8.846, 1
7056, 7038, 70.83, 70.39, 70.55, 70.5L 70.86, 70.95, 70.76, 70.7, 70.3, 70.52, 70.31, 70.44, 70.74, 70.79, 70.33, 7054, 70.38 70.44, 7061, 70.51, 71.15, 7056, 70.79, 70.71, 70.67, 708, 70

1637, 1633, 1644, 1633, 1637, 16,36, 16.44, 1647, 1642, 16,41, 1645, 16,35 1631, 1635, 1641, 1643, 1632, 1637, 1633, 1635, 1639, 16.36, 1651, 16,37, 1643, 16,41, 164, 1643, 1
7.298, 7.281, 7.327, 7.282, 7.298,7.294, 7.33, 734, 7.319, 7.314, 7.335, 7.204, 7.273, 7,286, 7.317, 7.323, 7,275, 7.298, 7.26, 7.267, 7.305, 7.294, 7.359, 7.299, 7.324, 7315, 7.31, 7324, 7.28
1446, 1443, 1.452, 1443, LA46, 1446, 1453, 1.455, 1451, 145, LAS4, 1446, 1441, 1444, 145, 1451, 1442, 1446, 1.443, 1444, 1448, 1446, 1.459, 1447, 1452, 145, 1449, 1452, 1.44
0.6084, 06069, 06108, 0.507, 0.6083, 0,602, 0.611, 05119, 06101, 0.6097, 06114, 0608, 0.6062, 0.6074, 0.61, 06104, 0.6064, 0.6083, 0.6068, 0.6074, 0.609, 0.608, 0.6135, 0.6084, 0.6103
0.6573, 06558, 06539, 0.6558, 0.6573, 0.6568, 0,602, 0.6611, 06592, 0.6587, 0.6605, 0.6569, 0.655, 0.6562, 0.659, 0.6505, 0.6552, 0.6573, 0.6557, 0.6563, 0558, 06569, 0.6628, 06574,

g b

| Material . | Projects |

Material transfer | Process exchanges | Dc

ion | LCI | Charact. imp. | Nerm. imp. | Weight. imp. | C:

ECH Source: C:\Users\Julie\Desktop\CourseDatabase
P

3.4 LCl data in mater

lal process

In the same way, data of the other processes have been parameterized. Below is presented the example for

the “CHP gas engine” material

process.

Matesial generation
| Source separation
| Collection

Transpart

[~
GHP g engre |

Tramapert -

MERF | J
Mixed waste Landfills
Material recycling
Thermal treatment L
Landfill minerad waste
Ash treatment
Biological treatment

| Use-an-land

I Template
Recovered processes

4P gaz engine
Process sxchanges
CHP gas engine

— External processes
# Add extemnal process

(e

Mame

3 (oew] District Heating. marginal aver

% [foew| Marginal Blectricity Consumption incl Fusd Production, Caal, Energy Quality, DK, kWh, 2005 [1-unburmt_ch4/100) slec_rec_ad/100°(-1]"CH4_LHV/36°ghg elec KWh m*3 CH

Comment
Elec rec 39% with 2% leakag)
Heat rec 463 with 2% leakag

Amiount Unit Per

DK, kW, 2012 nburnt_chd/L00) heat_rec_ad/1007(-1)"CHA_LHV/35%ghg heat kWh m*3 CH4

— Elementary exchanges
§ Acd sementary excange
MName

X Nitrogen owides

M Dinitregen monaside

X Susfur divide

M Methane, non-fossil

¥ Carbon monaxide, non-fossil

Compartment Sub compartment Amount  Unit Per Comment

air non-wrban air or from high stacks 000268 kg m®3CHA
it non-urben air of brom high stacks | JASE-D8 kg m~3 CHY
air non-urban air of from high stacks 83E-05 kg mA3CHL
it non-utban air o from hagh stacks 00018 kg m*3 CH4
air non-urban air or from high stacks 0001334 kg m"3 CHE

F EASETECH Source: C\Users\ulie'Desktop\CourseDatabase

| [Waterial vandfer | process excranges [[Documentation | 1] Charact i | o ime. | Wesght i

3.5 Calculation of the characterised impact
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File View Catalogues Development
[Makerial processes ¥ & X|  Scenario 1 -

Maty

"ar-my‘d-iqram -

Transport
MRF

Biological treatment
Use-an-land P gas engime 100 % (=) =

T — e
Recovered processes | [CRSTCE MR - x|
CHP gas engine
| Life cycle impact assessment: characterised impacts

| LCIA Method:  |ILCD recommended =| | Show per substance view | [l Show graphical view

| Name IPCC 2007, climate change, GWP 100a
| kg CO2-Eq |
-471.3,-245.5, -258.6, -315.8, -308.5, -292.6, -242.7, -278.6, 4716, -342.1, -277.1, -367.3, -334, -157.7, -302.1, -300.8, -25

Material p.. | Projects | Material transfer | Process exchanges | Documentation | LCI| Charact. imp, | Mo imp. | Wesght, imp, | Compesition

EASETECH Source: C:\Users\lulie\Desktop\CourseDatabase

NB: the display of the results will be improved in the future, but it is still possible to make full use of the
results by using excel tools.
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