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

The EU-LIFE DeNTreatproject focuses on PN/anammox process as a 
decentralized treatment for ink-jet textile printing wastewater

BACKGROUND
Global growth of Digital Textile Printing (DTP)
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BACKGROUND
Global growth of Digital Textile Printing (DTP)

ÅIn 2017, digital textile printing has a worldwide market share of about 5%.
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BACKGROUND
Global growth of Digital Textile Printing (DTP)

ÅIn 2017,over 1.9 billion sqmof fabric were digitally printed .
ÅThe annual growth rate of digital textile textile printing is projected to 20 % by 

volume through the period 2017 -2021.
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BACKGROUND
Global growth of Digital Textile Printing (DTP)

ÅWorldwide, digital textile printing has a market share of about 4-5%.
ÅDye-sublimation ink is the most consumed ink type, with a 50 % share .
ÅReactive ink follows with a 36 % share.
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BACKGROUND
Global growth of Digital Textile Printing (DTP)
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Digital textile printing growth in the 
last 15 years: 

Italy
(Como 
district) 
60-65%Portugal

20%

Averagein Europe:
25%
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Como textile industrial district:

BACKGROUND
Global growth of Digital Textile Printing (DTP)

2%

65%

85%

2010 2019 2025

% DTP over total printed fabrics

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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Urea 
- Increases water solubility of dyes
- Enhances brightness and intensity of dyes

Limited water consumption 
BUT 

N-rich discharges i.e. 150 to 600 mg N/L

BACKGROUND
Global growth of Digital Textile Printing (DTP)

8

Urea



R. Canziani ςG. Bergna

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

DTP produces (compared with traditional printing techniques)

Å lower volumes of wastewater

Å lower COD and colour load

Å higher N concentration (urea and ammonium from acid and

reactive dyes (150 to 600 mgN/L)

Å 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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ÅDTP needs pre-treatments of the fabric: different characteristics of

the dyes used compared to traditional printing pastes.

Å Some ingredients of the traditional printing pastes have to be put

over the fabric before printing.

Å 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

Å 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 m2 of fabric).

ÅUrea is then (almost completely) washed out after printing and

goes into the wastewater.
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Wastewater
8000-9000 mgN/l

0 mgN/l
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WASHING BLOCK DIAGRAM (an example)
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daNҐ Ŏƻǎǘ ŎƻŜŦŦƛŎƛŜƴǘ ƻŦ ŎƘŀǊƎŜǎ ŦƻǊ ǘƘŜ ƴƛǘǊƻƎŜƴ ǘǊŜŀǘƳŜƴǘ όлΣлоосф ϵκƳ3)
+

Fee for limit derogation (over 100 mgNκƭύ Ґ лΣтр ϵκkgN

THE PREVIOUS TARIFF

Wastewater with 200 mgN/l, 1.000 mg COD/l, BOD 350 mg/l, 100 
mgSST/l

Total tariff for ww treatment = мΣрулф Ҍ лΣлтр Ґ мΣсррф ϵκƳ3 

Fee for N = лΣлоосф Ҍ лΣлтр Ґ лΣмлусф  ϵκƳ3 

Fee for N = лΣрпор ϵκkgN
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Nrif = 10 mg/l
%N = 15

Wastewater with 200 mgN/l, 1.000 mg COD/l, BOD 350 mg/l, 100 mgSST/l

Total tariff for ww treatment = 2,1166 ú/m3 (+28%) 

Fee for N = 0,9270 ú/m3  (8,5 times the previous tariff)

Fee for N = 4.635 ú/kgN (8,5 times the previous tariff) 

ARERA - DELIBERAZIONE 28 SETTEMBRE 2017 665/2017/R/IDR APPROVAZIONE DEL TESTO INTEGRATO 
CORRISPETTIVI SERVIZI IDRICI (TICSI), RECANTE I CRITERI DI ARTICOLAZIONE TARIFFARIA APPLICATA 

AGLI UTENTI
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One-step Anammox process
Oxygen1,1 kgO2/kgN
No externalcarbon addition
Total volume 30%

The concept
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The concept

Centralised
WWTP

Process
WW 
fluxes

Equalization
PN/Anammox

N2

Concentratedeffluent
from DP first rinsing
baths

Centralised
WWTP

N2

Permeate

Concentrate

Filtration 12 kDacut-off 
membrane 

Option 1 (chosen)

Option 2 
(not chosen)

Other
Process
WW 
fluxes

Equalization

PN/Anammox
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Life DeNTreat

LIFE16 ENV/IT/000345 
Develop sustainable solutions to deal increasing nitrogen concentrations in 
industrial discharges of digital textile printing (DTP).

ÇPhase1 preliminarystudy(October2014 ςJune2015)
ÇPhase 2 continuous laboratory pilot plant (July2015 ςApril 2016)
ÇPhase3 Life project - demonstrationplant (July2017 ςin progress)

Phase 1 and Phase 2 
supported by UnindustriaComo, ConfindustriaLombardia, Sistema Moda
Italia, Comodepur, ConsorzioAlto Seveso and Livescia

16

Phase 3 ςLIFE project (5 members of the Consortium)
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PROJECT AIM

An on site wastewatertreatment moduleusing
PN/Anammox (PartialNitritation + Anaerobic
AMMoniumOXidation) technologywill reduce 
nitrogencontentsof wastewatersresultingfrom the 
DTP processby 50% to 75% (Nout < 100 mg/l)

More:

Åto accomplishDirective 91/271/EEC art.5 requirements (> 75% removal of the 
overall N load of an urban catchment)

Åto ensure residual nitrogen concentration in WWTP discharges (< 10 mg/l) and

Vsave up to 40% in investmentand operationalcosts(aeration) 

V reduce N2O emissions of the biologicaltreatment to less than 20% of the 
currently adoptedtechnologies

V reduce sludge production to less than 25% of the currentlyadopted
technologies. 
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DTP Wastewater: 
200 mgN/l, 1.000 mg COD/l, BOD 350 mg/l, 100 mgSST/l

Total tariff for ww treatment = 2,1166 ú/m3

DTP Wastewater after treatment by Life DeNTreattechnology:
50 mgN/l, 700 mg COD/l, BOD 50 mg/l, 100 mgSST/l

Total tariff for ww treatment = 1,2731 ú/m3

tariff difference for ww treatment = 0,8435 ú/m3
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Consequences of the Life DeNTreat on the tariff: an 
example



R. Canziani ςG. Bergna

Many bacterial populations are involved: anaerobic ammonia oxidation bacteria

(AnAOB), ammonia-oxidizing bacteria (AOB), nitrite oxidizing bacteria (NOB), and

heterotrophic bacteria (HB). Cooperationand competition among the key functional

microbesarecritical to the stabilityandperformanceof anammoxprocess.
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The PN/A processςbiologicalbackground

Anammox

OHNOCHNONHHCONONH 215.05.0232324 03.2066.026.002.113.0066.032.1 ++++++ -+--+

ςὔὌ σὕ ᴼςὔὕ τὌ ςὌὕ

AOB
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The PN/A processςbiologicalbackground

O2

NH4

NH4

NO2

N2

NO3

Crucial process variables:
Temperature
DO
pH
NH4

+ and NO2
-

AOB

ANAMMOX
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DeNTreat solution: background

Batch test for Anammox activity 
(Scaglione et al., 2009; Lotti et al., 2012; 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

Application of ñPN ïAnammox ò on filtered concentrated streams

Industry 1 Industry 2 Industry 3

Waste 

water
permeate

Waste 

water
permeate

Waste 

water
permeate

pH 9.8 8.9 9.3
COD 4 580 2 500 720 168 4 200 1 450

TKN 5 650 5 300 786 437 2 550 2 380
NH4-N 38.0 39.6 8.0 6.5 22.9 23.3
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Lab test results

Application of ñPN ïAnammox ò on both concentrate and equalized stream
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Concentrated wastewaters
Industry 1 Industry 2 Industry 3

AOB do not show significant inhibition

Dilution simulates real concentrations
in the completely mixed reactor , with 
effluent concentration less than 25% 
of influent concentration

26



R. Canziani ςG. Bergna

Application of ñPN ïAnammox ò on both concentrate and equalized stream

Anammox are OK in equalized WW, 
but reduce their activity when
severely if exposed to concentrated
WW, that develop high pH

Lab test results
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Lab test results
Application of ñPN ïAnammoxò on concentrated streams

¶ Ureaishydrolysedto NH3 in the batchtests.

¶ Accumulationof free ammoniais toxic
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