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Table S1. Data inputs for mass and energy balance model.

Parameter Value Unit Reference

General wastewater characteristics

(PCWTP —personal

Influent COD flow 49 200.00 .
communication 2016)
. (Henze and Comeau
Influent CODuissolved concentration 0.30 kg/m?
2008)
Influent CODsolia concentration 0.45 kg/m3 (Henze ;g(()iS)Comeau
Influent Niotal flow at WWTP with influent COD of 120 000 (PCWTP —personal
9500* kg/d o
kg/d communication 2016)
Ntotal,dissolved per Ntotal in inﬂuent 078 (Henze ;ggls)comeau
Influent Protal concentration 7.49 mg/1 (Andreoli et al. 2007)
Effluent Prota concentration 1.00 mg/l (Andreoli et al. 2007)
Recirculation rate of internal recirculation 3.00 Arbitrarily defined
Recirculation rate of return sludge 2.00 Arbitrarily defined
COD per TOC in wastewater 3.02 (Pitter 2009)
Person Load of COD per day 0.12 kg/d (Henze and Comeau

2008)

General sludge stream characteristics

(PCWTP —personal

Primary sludge VSS 50.00 kg/m? communication 2016)
Return sludge VSS 590 kg/m’ Cgfﬁz;ﬁﬁfgg%
Excess sludge V5SS 6.80 kg/m? cgfguaﬁ;ggisggfé)

Stabilized sludge VSS 30.00 kg/m3 Cg;i‘;\;l;lzc_aggfggié)
Dewatered sludge VSS 350.00 kg/m3 (von Spering and

Gongalves 2007)
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(PCWTP —personal

Acti 1 87 kg/m3
ctivated sludge VSS 3.8 g/m communication 2016)
Sludge CODuissolved per VSS 1.480 (Foladori 2010)
. (von Sperling and
Primary, return and excess sludge VSS per TSS 0.775 Gongalves 2007)
. (PCWTP —personal
Stabilized sludge VSS per TSS 0.720 communication 2016)
(von Sperling and
D 1 T .
ewatered sludge VSS per TSS 0.650 Gongalves 2007)
. (von Sperling and
Activated sludge VSS per TSS 0.575 Gongalves 2007)
Parameters of primary clarification process !
If&E Inc.
Primary clarification efficiency on CODsolia removal 0.53 (Metca 2310 Z)d dy Inc
Primary clarification efficiency on COD removal 0.36 (Metcalfzizos)d dy Inc.
Pri larificati . f CH. at Krali
rimary clarification emissions of CHas at Kralingseveer 1.00* ke/h**  (Daelman et al. 2012)
WWTP
The share of primary clarification electricity consumption in
.7 % T 1
the consumption of whole WWTP 370 & (Tassou 1988)
Parameters of activated sludge process 2
Denitrification rate of CODuissolved removal per Nnm4+ 2.40 g/g Arbitrarily defined
Denitrification rate of CODsolida removal per Nnws+ 0.46 g/g Arbitrarily defined
Denitrification biomass yield 0.67 g/g (Hauduc et al., 2010)
Nitrification efficiency 0.95 g/g Arbitrarily defined
Denitrification efficiency 0.99 g/g Arbitrarily defined
Biomass content of Niotal 0.083 g/g (Hauduc et al., 2010)
Nitrification removal efficiency of COD 0.90 g/g Arbitrarily defined
Nitrification autotrophic biomass yield 0.24 g/g (Hauduc et al., 2010)
Nitrification heterotrophic biomass yield 0.63 g/g (Hauduc et al., 2010)
; 1 osion f FN- .
Activated sludge process emission factor of N-N20 per in 280 % (Daelman et al. 2013)
fluent Niotal
Activated sludge process emissions of CHa at Kralingseveer 2 00* kg/h*  (Daclman et al. 2012)
WWTP
Air supply to activated sludge process electricity consump- «  (Veolia—personal
tion at WWTP of 410 000 PE 279049500 kWhly communication 2019)
Pumping to activated sludge process electricity consumption (Veolia—personal
1642 937. h/y**
at WWTP of 410 000 PE 642937.00  kWh/y communication 2019)
Mixing in activated sludge process electricity consumption at «  (Veolia—personal
WWTP of 410 000 PE 74382000 kWhiy communication 2019)
Parameters of secondary clarification process
Secondary clarification emissions of CO: 0.53 kg/PE/y**  (Kosse et al. 2018)
Effluent CODuissolved concentration 0.020 kg/m? Arbitrarily defined
Effluent CODsolid concentration 0.002 kg/m? Arbitrarily defined
Effluent Niotaldissolved cOncentration 0.007 kg/m3 Arbitrarily defined
Effluent Niotalsolid concentration 0.000 kg/m? Arbitrarily defined
Parameters of anaerobic digestion process 3
Anaerobic digestion efficiency on CODdissolved removal in 074 (Mahdy et al. 2015)

primary sludge
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Anaerobic digestion efficiency on CODsolia removal in pri-

74 h 1. 201
mary sludge 0 (Mahdy et al. 2015)
Anaerobic digestion eff%c1ency on CODuissolved removal in 0.62 (Astals et al. 2013)
mixed sludge
Anaerobic digestion efficiency on CODsolia removal in mixed 0.62 (Astals et al. 2019)
sludge
Content of CHs in biogas 0.61 (PCWTP —personal

communication 2016)

Sludge thickening electricity consumption at WWTP of 410 1156433.00 kWh/y**

(Veolia—personal

000 PE communication 2019)
Mixing in anaerobic digestion electricity consumption at (Veolia—personal
493 078.00 kWh/y**
WWTP of 410 000 PE fy communication 2019)
Parameters of cogeneration unit ¢
Emissions of CH4 per total EIIl{li generated by cogeneration 173 o (Liebetrau et al. 2010)
Electrical energy yield per volume of biogas 1.843 kWh/m3 (Dohéanyos 1998)
Parameters of dewatering process
Digested sludge buffer tank emissions of CHsat Kralingsev- " o
cer WWTP 4.00 kg/h (Daelman et al. 2012)
Centrifuge’s emissions of CHsat Kralingseveer WWTP 1.00% kg/h**  (Daelman et al. 2012)
Dewatered sludge storage tank emissions of CHaat " ot
Kralingseveer WWTP 2.00 kg/h (Daelman et al. 2012)
) ) (Henze and Comeau
Reject water CODuissolved concentration 0.50 kg/m? 2008)
H d
Reject water COD concentration 1.16 kg/m? (Henze and Comeau
2008)
H dC
Reject water Niotaldissolved cOncentration 0.45 kg/m3 (Henze ;(?08) omeat
Reject water Niotlsolid concentration 0.16 kg/m? Arbitrarily defined
PCWTP— 1
Reject water volume 930.00 m3/d ( persona

communication 2016)

Dewatering electricity consumption at WWTP of 410 000 PE 2 841 863.00 kWh/y**

(Veolia—personal
communication 2019)

Ventilation and odor cleaning electricity consumption at

*%
WWTP of 410 000 PE 157293200 kWh/y

(Veolia—personal
communication 2019)

Parameters of sludge disposal

Percentual distribution of stabilized sludge used in agricul-

ture in the Czech Republic 48.00 & (Eurostat 2015)
Percentual dlStrlbl.,ltIOI.‘l of stabilized sludg.e used for com- 35.00 o (Burostat 2015)
posting in the Czech Republic
Percentual distribution of stabilized sludge disposed by o
landfilling in the Czech Republic 1000 & (Eurostat 2015)
Percentual dlSt'rlbutl'On (?f stabilized sludge C.llsposed by in- 7,00 o (Burostat 2015)
cineration in the Czech Republic
Parameters of chemically enhanced primary treatment
(CEPT) 5
CEPT efficiency on CODsolia removal 0.75 (Metcalf & Eddy Inc.
2002)
CEPT efficiency on Niotaldissolved removal 0.17 (PCWTP —personal
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communication 2016)

(PCWTP —personal

CEPT efficiency on COD removal 0.55 communication 2016)

(Veolia—personal

EPT i I11) sulfate 40% soluti 2 557.17 k
C iron (III) sulfate 40% solution dose 55 g/d communication 2019)

Parameters of partial nitritationanammox (PN/A) process ¢

(Castro-Barros et al.

PNJ/A efficiency on COD removal 70.00 % 2015)
Castro-B t al.
PN/A efficiency on Niotaldissolved removal 93.00 % (Castro-Barros et a
2015)
-B L.
PN/A efficiency on Nt removal 76.60 % (Castro-Darros et a
2015)
tro-B t al.
PN/A emission factor of N-N20 per influent Neotal 2.00 % (Cas r02 0611;05 eta

* Re-calculated later to suit the parameters of influent wastewater described by this study. ** Converted to daily values
under the assumption that an operating day is a theoretical average WWTP’s day of continual operation with no emer-
gencies or other unexpected events. ' We considered same efficiency of removal for COD and Niotal. 2 CO2 and N2 emis-
sions from nitrification and denitrification were calculated from COD and Nt mass balances of these processes. > We
assumed no nitrogenous compounds present in biogas. # Biogas yield and emissions of CO2 were calculated from COD
mass balance of this process. 5 We considered same efficiency of removal for CODsolia and Niotatsotia. © Electricity con-
sumption of activated sludge process and PN/A unit in Scenario 2 were calculated regarding the amount of influent Niotal
to these processes. CO2 and N2 emissions from PN/A process were calculated from COD and Nt mass balance of this
process.

Table S2. Additional life-cycle assessment data.

Name Notes Reference

Average specific electricity supply in Czech Repub-
Electricity grid mix lic including consumption, distribution, and import. (thinkstep 2019)
The origin being 42% lignite, 32% nuclear and other.

Data set covering all relevant process steps and

hi 1
technologies of life cycle of iron (III) sulfate (thinkstep 2019)

Iron (III) sulfate production

Open windrow composting plant, without collection
and transport of waste but including the production
Composting * of good quality compost and the utilization of com- (thinkstep 2019)
post. The plant is based on the treatment of average
biodegradable waste.

Data set covering all relevant process steps and
technologies for the treatment of waste on a landfill.
Landfill Including landfill gas utilization and leachate treat- (thinkstep 2019)
ment and without collection, transport, and
pre-treatment.

Average European waste-to-energy plant, without
collection, transport, and pre-treatment. The plant is
based on the treatment of average European mu-
nicipal solid waste.

Incineration (thinkstep 2019)

* This process was attributed to stabilized sludge, which was used for composting and in agriculture in the Czech Re-
public (83%), as we assumed these two disposal techniques have very similar environmental impacts.
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[Etectricity] | Coagutant] | co, | om ] o, | cm [ Mo [ N | Electricity [ co | em | wo |
11951 |[KWhd] 00 (ke 0.0 466 |[kerd] 127286 | 932 | 17138 | 24504 |[kgid] K_ 110436 | [KWhid] /\ 50534 | 00 [ 000 |[sga
el P e T Secondary
wW Primary W T > ! WW > ificati Effluent >
63600 65301 262101 131831 65572
19680 18903 18132 A 3443 759
29520 PS 12398 14418 1699 131 Color
3038 299 2947 2972 1645 459 explanation:
857 590 360 — 74030 RW 37169 11 Vohume flow
17122 R 030 2/l
In PE_ | 01 131200 RS 465 S dissotves HOW
49200 | 410000 | 197 3798 63600 613 Tea/dl
3805 2491 1312 418
1691 636 121 Siectig flow [keg/d]
Out 36991 784 IS Niotat gissotves flow
49200 36688 659 Tka
3897 881 Wiotal solid
912 Ike/dl
402
470
co, | cmy | [Etectriciny] [ co, | cm | [Etectriciry]
153300 | 595 |mkedd] 45192 |Wh/d] / 00 00 |me/a 120053 gwwa]
. T
¢ < BG stabilization S5 Ll De
[] 957
631 603
13117 4017
0 493
0 967

Figure S1. Screenshot of mass and energy balance model scheme for Scenario 1 in MS Excel software. WW = Wastewater, PS = Primary sludge, IR = Internal recirculation,
RS = Return sludge, RW = Reject water, ES = Excess sludge, BG = Biogas, SS = Stabilized sludge, DS = Dewatered sludge.
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Electricity| [c |

| [ co, | em | co, | cm | wmo [ W | [ co | [ mo |
11951 |[kWhvd] | 23572 |[kes 0.0 166 |[kg/d] 90773 | 932 | 17138 | 21385 |[kg/d] /\ 59534 [ 000 g
WW ¥ Primary carin L W g Ww clarification WW >
65600 63214 262014 131743 63570
19680 14751 13898 2607 759
29520 PS 7380 8537 1491 131 Color
3038 386 2336 2558 1437 4359 explanation:
857 4743 214 o 74036 RW 37120 1 Volume fow
22140 IR 930 [nidl
In PE 502 131200 RS 744 S diesolveg HOW
49200 | 410000 | 643 2968 63600 333 Tca/dl
3803 1485 1512 118
1485 636 ) Seona flow [leg/'d]
Out 36976 675 ES Niotat gissotved flow
49200 36366 HE Tce/dl
3896 45 Niotat sotic flow
704 Ike/dl
303
252
co, | cm | [Etectricity] [ co. | cm | [Eteetriciny]
222003 | 861 |Megdd] | 45192 |[kWhd] / 00 00 | 120033 g\ww]
- -
€ N BG stabilization SS W Dewatering
0 950
3187 1256
16729 6113
0 805
0 295

Figure S2. Screenshot of mass and energy balance model scheme for Scenario 2 in MS Excel software. WW = Wastewater, PS = Primary sludge, IR = Internal recirculation,

RS = Return sludge, RW = Reject water, ES = Excess sludge, BG = Biogas, SS = Stabilized sludge, DS = Dewatered sludge.
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co, | cm [ wmo | 0w

Electricity| [ Coagulant| [ co, | em |
11951 |[kWhid] | 25572 |[keh 0.0 166 |[kg/d] 886585 | 9109 | 15279 | 194540 [[kgid] 59534 | 00 | 000 |[kg/d]
» " e o - P » Secondary o
WW | Frimary W = W » ww W|  clarification WW d
65600 65214 262014 151743 63571
19680 14751 A A 14361 A 2616 759
20520 PS 7380 8626 1203 131 Color
3038 386 2536 2556 1247 459 explanation:
857 4743 214 o 74388 RW 37396 1 Volme flow
1140 R 930 Il
In: PE 302 131200 RS 223 S gissolveg HOW
49200 | 410000 | 643 2968 65600 100 Tke/dl
3895 1485 1312 29
1200 656 2 Seciia flow [eg/d]
Out: 37242 673 ES Niotal gissolved 10w
49200 37132 573 Tke/dl
3897 4 Niotal sotis
508 Tke/dl
113
253
co, | cn | [Etectriciny] [ co | em | [Etectriciny] [ co, [ ca | [Etectriciry] co, | cm
2010869 | 8575 |kgra] | 45192 [p:\wud]l [ 0o | o0 mga [ 120055 [[cwhsa) 00 | 28438 |[kgr] | 1733 |ewhi) 916.4 00
Al N,O Ny
147 4225 | fkghd]
‘ Anacrobi _ ; S
c - BG stabilization S5 W|  Devatering RW anammox
[} 959 930
3193 1261 DS 44
16633 6016 29 333
[} 615 A BN 418
[} 296 4343 30
196
209

Figure S3. Screenshot of mass and energy balance model scheme for Scenario 3 in MS Excel software. WW = Wastewater, PS = Primary sludge, IR = Internal recirculation,
RS = Return sludge, RW = Reject water, ES = Excess sludge, BG = Biogas, SS = Stabilized sludge, DS = Dewatered sludge.
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