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Introduction (1)

= Efficiency of denitrification and EBPR in BNR
systems is strongly dependent on the availability of
appropriate carbon sources

= Supply of organic substrates in municipal
wastewater, required for both denitrification and
EBPR, is normally limited

Substrate demand in BNR systems
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Introduction (2)

= Effects of readily biodegradable (internal and
“conventional” external) carbon sources have
extensively been investigated and reported

= Little is known about the influence of slowly
biodegradable (internal) and “alternative” external
carbon sources.
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External carbon sources

—=  Conventional (,commercial”)
— Methanol
— Ethanol
— Acetic acid or sodium acetate (effect on EBPR!!!)
— Glucose

== Alternative (industrial wastewater, by-products and
waste materials) — in many cases, the problem of
high costs of commercial organic compounds can
be overcome if “by chance one does have access to

industrial wastewater, for example, brewery
wastewater” (Henze et al., 1995)

Characteristics of alternative C sources

= Utilization of industry-originated wastes or by-products as a
carbon source for denitrification - for over 20 years

= The ,alternative” carbon sources should be (WEF, 2005):
— ,Clean” (i.e. free of metals and other contaminants),

— Stable in terms of the composition and content of readily
biodegradable organic compounds,

— Available in the required quantity on a consistent schedule.

= Food industry effluents appear to be good candidates for the
external carbon source due to:
— High C/N ratios,
— High content of readily biodegradable organic fraction.

= Potential operating problem includes a variation in quality and
quantity resulting from the production cycles.




NURs with different C sources - examples

Carbon source NUR, mg N/(kg VSS-h) Reference
INTERNAL*
- readily biodegradable 3.3-5.7 Naidoo et al. (1998)
- slowly biodegradable 1.6 - 3.6 Naidoo et al. (1998)
EXTERNAL

(CONVENTIONAL)
Christensson et al., 1994;
- methanol (acclimated Nyberg et al., 1996;

biomass) 3.0-4.5 Purtschert et al., 1996;
Fillos et al., 2007

EXTERNAL
(ALTERNATIVE)
- winery wastes 2.0 Rodriguez et al. (2007)
- potato processing 4.1 Rodriguez et al. (2007)
- ice cream production 2.7 Cappai et al. (2004)
- beet-sugar processing 3.3 Cappai et al. (2004)

* - based on the results of measurements in 8 large European WWTPs

Physical characteristics of wastewater

100
1 m <0.1 um
- w0.1-1.2um
é 80 A m>1.2um
s i
2
5 60 -
o] |
® i
5 40
8 i
O 20 A
0 .

Gdynia Gdansk Elblag Slupsk
WWTP
Over 65% organic compounds occur in
colloidal and particulate form !!!




Potential role of industrial wastewater
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Aim and scope of the study (1)

Determine the immediate effects of dosing different
carbon sources on the denitrification capability and
EBPR interactions of a full-scale process biomass

Batch tests with different
carbon sources

—» Internal (wastewater with/without pretreatment)
—» External conventional (acetic acid, ethanol)
—» External alternative (distillery by-products)




Aim and scope of the study (2)

Determine the immediate effects of dosing different
carbon sources on the denitrification capability and
EBPR interactions of a full-scale process biomass

Batch tests with different
carbon sources

—» Conventional NUR measurements
—» NUR measurements during anoxic P uptake
—» Conventional OUR measurements

Aim and scope of the study (3)

Determine the effects of different carbon sources
(internal vs. external) on the denitrification
capability and EBPR interactions of a full-scale
process biomass

Batch tests with different
carbon sources

STEP 2 Adaptation of biomass to
exteranal C source

STEP 3 Modeling hydrolysis and

external carbon addition




Location of the studied plant

Gdansk WWTP (570,000 PE)

Characteristics of the studied plant

Monthly averages

Parameter Unit (2006 — 2009)

Operating parameters:

Influent flow rate m?¥/d 75,800 — 98,400
MGD 20.1-25.3
Process temperature °C 11.8-21.7
Sludge Retention Time d 17-25
Hydraulic Retention Time d 09-1.3
Concentrations in primary effluent:
coD gCOD/m? 540 — 930
Total N gN/m? 70 -97
Total P gP/m? 11.5-19.2
Concentrations in secondary effluent:
CcoD gCOD/m? 36 -67
Total N gN/m?3 9.3-128

Total P gP/m3 04-1.1




Measurements in batch tests (1)

1 type:

Conventional NUR measurements

35

28

21

14

NOx-N, g N/'m®

_ I 250
| biomass, NOs-N —NOx-N ||
C source —cop || 200
N | E
150 §
A \ O
o
NOR 100 &
\ o
(8]
] \ 7 50
: T T 0
0 1 2 3 4
Time, h

Measurements in batch tests (2)

Il type:
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NUR measurements during anoxic P uptake
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Measurements in batch tests (3)
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Examined carbon sources

Settled

Parameter Unit - Acetic acid
cob g COD/m? 633 + 168 913,000
COD soluble g COD/m? 206 = 65 913,000
TN g N/m3 779
TP g P/m3 18+2
TSS g/m?3 286 + 68
Parameter Unit Ethanol Dis;tli(I:Ig:JIaw Fusel oil

cob g COD/m? 1,598,000 2,143,000 1,989,000

COD soluble g COD/m? 1,598,000 1,210,000 1,809,000

TN g N/m3 - 500 0.3

TP g P/m3 - 0.6 0.2

TSS g/m?3 - 13 69

Batch test procedure with the settled

wastewater
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wastewater settled
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NO,-N (mg/dn?)

Conventional NUR measurements (1)

Settled wastewater

Pretreated settled wastewater
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NUR measurements during P uptake (1)

NO,-N (mg/dn?)
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NUR measurements during P uptake (2)

w
(3]

Anaerdbic Anoxic Phase

NN
3 ®
| L
'\ >
—
N oW
AT

NO;-N (mg/dm®)
=

\,
|
a
pd
]
=
z

r ¢
-

45




Summary of the results with settled wastewater
(with and without pretreatment)

Process . Settled Pretreated Average
Unit settled :

rate wastewater reduction

wastewater
“Conventional” denitrification test
NUR1 3.7-55 26-4.2 24%
mg N/(gVSS-h)
NUR2 1.3-2.0 1.0-1.6 14%
PRR & anoxic/aerobic PUR test

PRR mg P/(gVSS-h) 7.8-13.0 39-11.6 14%
PUR,oxic Mg P/(gVSS:-h) 3.4-6.6 1.2-6.0 46%
NUR mg N/(gVSS-h) 1.6-27 07-2.7 26%
PUR,.obic Mg P/(gVSS-h) 53-13.8 21-12.6 34%
OURy,, mgO.,/(gVSS-h) 22.0-33.4 18.2-31.0 11%

Summary of the conventional NUR measurements
with different carbon sources (NUR rates)
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Summary of the conventional NUR measurements
with different carbon sources (COD/N ratios)
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Summary of the NUR measurements during anoxic
P uptake with different carbon sources (PUR rates)
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Summary of the conventional OUR

measurements
Number 1st 2nd 3rd 4th Average
Carbon source assay assay assay assay value
of assays
g COD/g COD
Settled
wastewater 4 0.60 0.69 0.66 0.65 0.65
Acetic acid 4 0.77 0.74 0.76 0.78 0.76
Ethanol 4 0.72 0.71 0.74 0.69 0.72
Distilled raw
alcohol 3 0.70 0.79 0.66 0.72
Fusel oil 2 0.76 0.79 0.78

Biomass acclimation to methanol (1)

Methanol

NOx-N. g N/m’
PO4-P, g P/im°
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Biomass acclimation to methanol (2)

Real (settled) wastewater

NOx-N, g N/m’
PO4-P, g P/im°

Biomass acclimation to methanol (3)
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Biomass acclimation to methanol (4) — | trial

M
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Modeling hydrolysis process - planned

Hydrolysis process

rate equations: mge_..
:growlh n
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Conclusions (1)

= Knowledge of the wastewater characteristics is
important for optimization of denitrification and
EBPR

= A novel batch test procedure was developed to
evaluate the effects of colloidal and particulate
substrate on denitrification and EBPR

= The removal of colloidal and particulate fractions
by coagulation-flocculation resulted in the reduced
process rates

= The examined distillery by-product (fusel oil)
appears to be an interesting alternative for
commercial compounds when seeking an external
carbon source
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Conclusions (2)

= The results of two kinds of batch experiments with
the distillery wastewater revealed that:

— ,conventional” NURs: single NURs (~5 mg N/(g VSS-h))
were close to the rates associated with the utilization of
RBCOD in the settled wastewater

— NURs during anoxic P uptake: noticeably higher (>15%)
rates were observed in comparison to the tests with the
other carbon sources

= The operating problem that can arise in practice -
a temporal variability of the composition

Acknowledgements

Innovative crbon source for enhancing
denitrification in municipal wastewater
treatment plants

Project supported by the European Regional
Development Fund within the framework of the
Operational Program ,,Innovative Economy”

I N N OWACYJ NA UNIA EUROPEJSKA
E GOSPODARKA ROZWO)) REGIONALNEGG m

NARODOWA STRATEGIA SPOINOSCI

21



Web page (www.incas.pl)

INNOWACYINA =& UNIAEUROPEJSKA
GOSPODARKA . ELROPELSKIFUNOUSZ
NARODOWA STRATEGIA SPOINOSCI = ROZWOJU REGIONALNEGO

Innowacyjne Zzrodla wegla
dla wspomagania denitryfikacji w

Projekt wspolfinansowany
ze Srodkow Europejskiego
Funduszu Rozwoju
Regionalnego

w ramach Programu

Konkurs na dyplomantéw kierunku Inzynieria Srodowiska - termin skladania ofert mija 7.05.2010 .
Tematy prac dyplomowych
Rada naukowa tyw 2ewnetrznego roda wagla na efektywnosé usuwania azotu w oczyszezalni Sciekiw Guarisk- Wschad —
badania modelowe.
JSymulacia komputerswa procesu osadu c2yninego na przykladzie oczyszczalni éciekow Gdarisk-Wschéd
{0cena wptywu dawkowania produktéw odpadowych 2 produkcji alkoholu na efektywnost procesu denitryfikaci w
badaniach laboratoryjnych
Ocena wptywu dawkowania produktow odpadowych z produkei alkoholu na usuwanie azotu z wid poosadowych
badaniach laboratoryjnych.
Szczegéfowa informacja (pd) > pobierz

2010-04-18 21100 |

Wydzial Inzynieri Ladowe] i Srodowiska Paltechniki Gdafiskiej ma. przyjernosé. zaprosié Pafistwa na

seminarium naukowo-techniczne nt. Innowacyjne #rddo wegla dla wspomagania denitryfikacji w komunalnych
Sciekow’, Ktorego jest Zespdl Badawczy pod

dr hab. inz. Jacka Makini, prof. nadzw. PG.

Seminarium odbgdzie sig w dn. 12 maja 2010 1. o godz. 10:00 w Sali P1, gmach HYDRO PG, ul. Narutowicza

11412

Zaproszenie (pdf) ~> pobierz

SzczegSlowy program seminarium (pe) > pobierz

Uprzejmie prosirmy o potwierdzenie udziahy na zaiqczonym formularzu zgioszeniowym do dn. 7 maja 2010 1. >
pobierz

Thank you for your attention!

i

-

jw

22



