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BACKGROUND
Global growth of Digital Textile Printing (DTP)

eNTreat

DTP has spread globally diaeits versatility with respect to conventional
printing techniques.

The ELLIFEDeNTreatproject focuses on PN/anammox process as a
decentralized treatment for inket textile printing wastewater
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BACKGROUND
Global growth of Digital Textilé’rinting (DTP)

Worldwide Printed Textile bn m2

Digital
Print; 5%

SourceMenderes2017

Traditional
Print ; 25%

A In 2017, digital textile printing has a worldwide market share of aboUt.
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BACKGROUND I“
Global growth of Digital Textil€rinting (DTP)
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A In2017,0over1.9 billionsgmof fabric were digitally printed .
A Theannual growth rateof digital textiletextile printing is projected t®0 %by
volume through the period 201-2021.
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BACKGROUND l“
Global growth of Digital Textil€rinting (DTP)

Worldwide Printed Textile bn m2 Digital textile inks - Global

Digital
Print: 5%

Traditional
Print ; 5%
* Dyo Sublimation = Reactive = Acid Disperse = Pigment
Sowce | "Menderes | Infolrends Digltal Textlle Forecast 2017.2022 Source: Wtin, 2017

A Worldwide, digital textile printing hasraarket shareof about4-5%.
A Dyesublimation inkis the most consumed ink type, with68 % share
A Reactive inkollows with a36 % share
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BACKGROUND 1N
Global growth of Digital Textil€rinting (DTP)

Digital textile printing growth in the
last 15 years:
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BACKGROUND IN
Global growth of Digital Textile Printing (DTP)

Como textile industrial district:

% DTP ovetotal printed fabrics

2%

2010 2019 2025

In the Como district, adoption of digital printing is one response to the
difficulties in the textile sector linked to the global crisis.
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BACKGROUND IN
Global growth of Digital Textile Printing (DTP)

Urea
- Increases water solubility of dyes
- Enhances brightness and intensity of dyes
Limited water consumption
BUT
N-rich discharges i.€150 to 600 mg N/L
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BACKGROUND IN
Nitrogen: a new problem

DTP: new problems from pollution related to the printing process.

DTP produces (compared with traditional printing techniques)
A lower volumes of wastewater
A lower COD and colour load

A higher N concentration (urea and ammonium from acid and
reactive dyes (150 to 600 mgN/L)

A lower COD/N ratio (about 2 gCOD/gN).

DTP makes printing more flexible, but is responsible of an increase
of more than 200% of Nitrogen content in wastewater.
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BACKGROUND
Nitrogen: a new problem

A DTP needs pre-treatments of the fabric: different characteristics of
the dyes used compared to traditional printing pastes.

A Some ingredients of the traditional printing pastes have to be put
over the fabric before printing.

A In particular: urea, the dye fixer compound, is applied in a pre-
treatment process and needs impregnation of 100% of the to-be-
printed fabric

A in traditional printing technologies, just the areas to be printed are
actually treated with urea. This drastically increases the amount of
urea used (kg urea per m? of fabric).

A Urea is then (almost completely) washed out after printing and
goes into the wastewater.
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WASHING BLOCK DIAGRAMggample i\

DeNTreat

L6 — Lavaggio stampa digitale emulsione Tipo 3

Reparto Lavaggio stampati
Tessuto Seta
Processo Lavaggio stampa Ink-Jet emulsione Tipod
Macchina Lavaggio in corda
e LC
Durata del ciclo (min_} S0
MNumero di ciclifanno 13,51
Tessuto lavorato (mtfanno) 10136
Tessuto lavorato per ciclo (mi.) 750
Acqua greggia *Lavaggo | S0, Wastewater
- = 8.668,8
=omin | e e 8000-9000 mgN/I
Acqua addolcita 2* Lavaggio Scarico: 3300 litrd
T=60°C COD [mgi]= 1.508
t=10 min Norg [mgfl=2.133
NH4-N [mgil=9
Acqua addolcita 3° Lavaggio Scaricoc 3300 litn
T=090°C CoD fmgi]=1.015
t=10 min Norg fmgdj= 2394

Acqua greggia

Acqua addolcita

Acqua greggia

1* Risciacquo
T=20°C
=5 min

4% Lavaggio
T=80°C
t= 10 min

27 Risciacquo
T=20°C
=5 min

NHLN [mgdf= 1,8

Scarico: 2200 litri
COoD [mgl]= 653
Norg [mgll= 117
NH4-N [mgdi=0

Scarico: 3300 litrd
COD fmgi]= 462
Norg [mglj= 62
NHAN [mgil=0

Scarico: 3300 litri
COoD fmgil= 111
Norg [mgd)= 14,4
NHA-N [mgil=0
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THE PREVIOUS TARIFF IN

O
To=Fy+{f +dv +K,[ -~ (db + Mdb + df + 1/3 df + Mdf) ] + da + daN } V
O

daN' O02aid O2STFFAOASYO 2F OKIFINHSEH F2NJ
+

Fee for limit derogation (over 108gNk f 0 TkgM Z T p € K

Wastewater with 200ngN/|, 1.000 mg COD/I, BOD 350 mg/l, 100
mgSST

Total tariff forww treatment=mZpynd b nzZndrp I MZ

Fee for N = nnoocod b nZa¥p I nXImny
Fee for N = npnlkgh €K
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THE NEW TARIFF W

DeNTreat

ARERADELIBERAZIONE 28 SETTEMBRE 2017 665/2017/R/IDR APPROVAZIONE DEL TEST(
CORRISPETTIVI SERVIZI IDRICI (TICSI), RECANTE | CRITERI DI ARTICOLAZIONE TARIFF
AGLI UTENTI

AT AT@ AT@ ATQ
1,7 = oF 7 + 0Cy + oV 0 Y,

F F _
CcoOD SS i
ﬂmﬂ " + r{rﬂm + %J\r " P + .
ATO - ATO , COD,; S5 Ty Noyr ATO Nrif = 10 mg/I
OV, " =Ifps +maxql: v oo Id oo 0
+%P._P+Z%XJ_XLP YoN = 15
L rif 7 FELS _

Wastewater with 200ngN/l, 1.000 mg COD/BOD 350 mg/000mgSST

Total tariff for ww treatment = 2,1166 U / 3m28%)

Feefor N=0 927 ) (8,5lfln‘/est"ﬁb previous tariff)
FeeforN=4 . 6 3|(@N (B'ISI{imes the previous tariff)
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Theconcept I‘J

DeNTreat

Nitrification
Oxygen 4.6 kg O,/kg N
Total volume 100%

Nitritation
Oxygen 3.4 kg O,/kg N
Total volume 90-100%

One-step Anammox process

— —{ Oxygert,1 kgQ/kgN

No externalcarbonaddition
Total volume 30%

POLITECNICO MILANO 1863 R. Canziarg G. Bergna 14




DeNTreat

Theconcept IV

Option 1 choser)
Pr ::> :
]\c{m?\?ess :> Equalization |:>PN/Anammox :> metr\/?-:l;ed
uxes :

Option 2
(not choser) Filtation L12kDacutoff

Concentratedeffluent
from DP firstrinsing

Permeate
baths ::> — |::> PN/Anammox

Concentrate J L
Other % v ’ Centralised
Process izati :>

Equalization WWTP

WW
fluxes
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Life DeNTreat
LIFE16 ENV/IT/000345

Developsustainable solutions to dealcreasingiitrogen concentrations in
Industrial discharges of digital textipginting (DTP).

C Phasel preliminarystudy (October2014¢ June2015H
C Phase 2continuous laboratory pilot plantiuly2015¢ April 201§
C Phase3 Lifeproject- demonstrationplant (July2017¢ in progress)

Phase Jand Phase 2
supported byUnindustriaComo,Confindustrid.ombardia Sistemavoda
Italia, ComodepurConsorzidAlto Seveso antivescia

@ﬁ@ € LARIANA pEpuR:
W UNINDUSTRIA COMO

Phase X LIFE project (5 members of the Consortium)

EURATEX o . =
QLARMM‘I DEPUR: Tl ‘\v‘ch t’. Citeve [

T U=T =T | THE EUROPEAN APPAREL ) TEXTILE TECHNOLOGY POLITECNICO
=111 1= AND TEATILE CONFEDERATION P AMTA U CASUI . FRRAFU MILANG 1863
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PROJECAIM

An onsite wastewatertreatment module using
PN/Anammox(PartialNitritation + Anaerobic
AMMoniumOXidatior) technologywill reduce
nitrogencontentsof wastewatersesultingfrom the
DTPprocessny 50% to 75%N,, < 100 mg/l)

&

More:

A to accomplistDirective 91/271/EE@rt.5 requirementy> 75% removal of the
overall N load of an urban catchment)

A to ensureresidualnitrogen concentration in WWTdscharges (40 mg/l) and
V save upo 40% innvestmentandoperationalcosts(aeration)

V reduce NO emissionof the biologicaltreatmentto less than 20% of the
currentlyadoptedtechnologies

V reducesludge productioro less than 25% of theurrentlyadopted
technologies
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eeeeeeee

example

DTP Wastewater:
200mgN/l, 1.000 mg COD/IBOD350 mg/l, 100mgSST

Total tariff for ww treatment = 2,116% 04/ m

DTP Wastewater after treatment by LeNTreatechnology:
50mgN/I, 700 mg COD/BOD 50 mg/I100mgSST

Total tariff for ww treatment = 1, 2733 U/ m

tariff difference for ww treatment = 0O, 8435 U/ m
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The PN/Aprocessg biologicalbackground N

) ~. G

+4

+3

+2

+1

oxidationstate

-3 NH,*-N

Many bacterial populations are involved: anaerobic ammonia oxidation bacteria
(AnAOB, ammoniaoxidizing bacteria (AOB), nitrite oxidizing bacteria (NOB), and
heterotrophic bacteria (HB) Cooperationand competition among the key functional
microbesare critical to the stability and performanceof anammoxprocess
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The PN/Aprocessc biologicalbackground

CH,OH N,
AOB

NO, NH,*
Anammox
NO,
O. O. AOB
CcOUOoO O cOUV T O ¢

Anammox

NH +1.32NGC; +0.066HCO; +0.13H* - 1.02N,, +0.26NC; +0.066CH,0, Ny 15+ 2.03H,0
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The PN/Aprocessc biologicalbackground
F ¢ mm

O,
N
NH, .. N
: DY \ . ANAMMOX
Crucial process variables: T N :
Temperature AOB N,
DO NG;
pH
NH,"and NQ
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DeNTreat solution: background

Baich testftor sAnammex aotivity
(Scaglione et al., 2009; Lotti et &Q12;Bellandiet al., in preparation)

AOB activity testing by a pH/DO-stat titrator (left).
Manometric AAO activity testing (centre and right)
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Lab test results i\

eeeeeeee

Application of fAiPANammox 6 on f il tered concentrated

Industry 1 Industry 2

Waste Waste Waste
permeate
water

9.8 8.9 9.3
4580 2500 | 720 168 4 200 1 450
5650 5300 | 786 437 2 550 2 380

38.0  39.6 22.9 23.3

Industry 3

permeate

o
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Lab test results i\

DeNTreat

Application o f i PANammox 0 odbath concentrate and equalized stream

Equalized wastewaters Sindustry2z “industy3 - AQB do not show significant inhibition
100%
_ 90% Lo : :
£ 8% | .. Dilution simulates real concentrations
£ 70% in the completely mixed reactor , with
5o effluent concentration less than 25%
2 0% ~ of influent concentration
3 30%
& 20% Concentrated wastewaters
10% mIndustry 1 = Industry 2 © Industry 3
0% _ ' _ _ 100%
WW diluted 89%  WW diluted 80%  WW diluted 75% < 90%
> 80% —
% 70% - ——
T 60% - —
o
<OE 50% - —
< 40% - —
5 30% | -
S 20% —
10% - —
0%

WW diluted 89% WW diluted 80% WW diluted 75%
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Lab test results i\

DeNTreat

Application o f i PANammox 0 odbath concentrate and equalized stream

Equalized wastewaters ® Industry 1 @ Industry 2 Industry 3

£ loon ; N Anammox are OK in equalized WW,
£ 80% 1 but reduce their activity when
= ?mﬁ 1 1 .
8 60% | severely if exposed to concentrated
E o j WW, that develop high pH
8 30%
B 20%
3 10%
2 0%
- WW serated serated Concentrated wastewaters  m Industry 1 # Industry 2 © Industry 3
diluted ww ww £ 100%
50% diluted £ 90%
50% £ 80% -
: 70%
2 60%
E so% -
£ 40%
2 o30%
3 20%
2 10%
& 0% :
Ww ww aerated aerated
diluted Ww Ww
50% diluted
50%
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Lab test results i\

DeNTreat

Applicaton of f#APAAnammox o0 on concentrated streams

{1 Ureaishydrolysedio NH, in the batchtests
1 Accumulationof free ammoniaistoxic
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