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TREATMENT

Conventional activated sludge WWTPs are the most widely used

WWTP of Potenza (Basilicata, Italy)
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2. LITERATURE REVIEW.
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Direct emissions VS Indirect emissions

Direct emissions

Indirect internal emissions

Indirect external emissions

<

Schematic diagram of the modified
BSM2 plant and sources of modelled
GHG emissions.

(C. Sweetapple et al., 2013)
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1. THE'ISSUE.

What is the issue? CH
4
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INTERGOVERNMENTAL PANEL ON
climate chanee

Nitrous oxide (N,0) = 310
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1. THE ISSUE.

What is nitrous oxide?

Senza effetto serra naturale:

s ! # aHy T media terrestre = -25 °C

& Con effetto serra naturale:
oo T media terrestre = 15 °C

Con effetto serra rafforzato
in modo artificiale:
f T media terrestre = 22?2 °C

U It represents the 7.9 % of global
anthropogenic GHG emissions, in 2004.

U The N,0 atmospheric load is increased of/ ‘
16 %, from 270 ppb to 319 ppb from 1750
to 2005 Cor - -

U The emission of N,O from water utility

®
represents the 3% of global emissions from every
source and it is the sixth most important @) @)
contribution; It will increase by 13% from 2005 to o (DREE

2020. INTERGOVERNMENTAL PANEL ON
climate chanee

The production of N,0 in WWTPs is still unclear
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2. LITERATURE REVIEW:

Direct and indirect internal EMISSIONS INDIRECT external EMISSIONS

«* ORGANIC MATTER OXIDATION IN «* CHEMICALS PRODUCTION AND
AEROBIC CONDITION (biomass TRANSPORTATION
respiration)
«* SLUDGE TRANSPORTATION,
«* NITRIFICATION DISPOSAL OR REUSE
«* DENITRIFICATION

< NITRIFIER DENITRIFICATION

N,O production from

<* ORGANIC MATTER OXIDATION IN biological processes

ANAEROBIC CONDITION is still unclear
<*ENERGY CONSUMPTION
LITERATURE RANGE:
LITERATURE RANGE: 0.017 — 80 mg,,o/!
0.5=2kgcpze/ MC SATURATION CONCENTRATION:
— 0.53 mgy,o/!
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1. THE ISSUE.
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2. LITERATURE REVIEW.

y NITRIFICATION > DENITRIFICATION B

Nitrification in the oxidation of dell’NH,* to NO;" via NO,;, as represented by following
reactions:

IT IS PERFORMED BY THIS BACTERIA

S Primary nitrifiers or ammonium
NH,* +3/20, ———> NO, +2H*+ H,0 | Nitrosomonas - oxidizing bactiera (AOB) that
oxidize the NH," to NO,°

Secondary nitrifiers or nitrite —
oxidizing bacteria (NOB) that
oxidize the NO,” to NOj

=

Autotrophic aerobic bacteria.
The organic carbon is their only
carbon source.

/ The energy for their growth is

taken from reactions.

NO, + % 0, — > NOy Nitrobacter

REACTION
ENVIRONMENT
Aerobic

Greenhousegases production in wastewater treatment plants
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2. LITERATURE REVIEW.

y NITRIFICATION e

DENITRIFICATION

.

The denitrification is the stepwise reduction of NO,

to N,, as represented by the

following reaction:

CyH1o05N + 10 NO, ——> 5N, + 10CO, + 3H,0 + NH, +100H"

IT IS PERFORMED BY THIS BACTERIA
Pseudomonas

|

Heterotrophic facultative bacteria.

The organic carbon is used for both
anabolic and catabolic pathways.

The NO; is used in place of oxigen as an
electron acceptor in anoxic conditions.

REACTION
ENVIRONMENT
Anoxic

Greenhousegases production in wastewater treatment plants

@9 Universita degli Studi della
S’ Basilicata Activated sludge: 100 #/us 1years — Palermo, 11 Maggio 2015

14/05/2015



2. LITERATURE REVIEW.

NH,* +3/20, 90MO0% 5 NO, +2H* + H,0 NO, + % 0, %% No-
termediate
np | NHg" +%0, —> NH,OH +H* Intermediate:
NH,OH

NH,OH +0, —> NO, + 2H* + H,0| HYDROXYLAMINE

@

N,O is formed during the chemical
decomposition of intermediates, such as
hydroxylamine and nitrite.

| ENZYMES CATALYSING |

N,O0 is also produced during the
incomplete oxidation of NH,OH because
of formation of nitrosyl radical (NOH).

etal., 2001)
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2. LITERATURE REVIEW.

_ Pseudomonags

C1oH1505N + 10 NO; "% 5N, + 10CO, + 3H,0 + NH, +100H"

The denitrification pathway is a sequence of biochemical reactions :

| ENZYMES CATALYSING |

N,Qis an intermediate in the denitrification
pathway. It is not a product of chemical
rection!

Outline of the denitrification pathway and enzymes
involved. (N. Wrage et al., 2001)
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2. LITERATURE REVIEW.

—

Some heterotrophic bacteria can also nitrify. The organic carbon is used for both
anabolic and catabolic pathways. Intermediates and chemical products of
heterotrophic and autotrophic nitrification are the same, the enzymes of the two
processes have been shown to differ from each other. They produce NO; during
organic nitrogen oxidation under aerobic condition.

@

N,O is produced (as with denitrification) as an intermediate of
reactions. Under aerobic conditions, heterotrophic nitrifiers produce
much more N,O per cell than autotrophic nitrifiers . (N. wrange et al., 2001).
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2. LITERATURE REVIEW.

More than 35 years ago, it was proposed that same nitrifiers could not only nitrify, but

denitrify as well; this pathway of nitrification, called nitrifier denitrification, might
contribute to a major part of the loss of ammonium in the form of NO ed N,0O.

It is a pathway in which the oxidation of NH; to NO, s followed by the reduction of
NO, to N,O and N,, without NO; production.

| PROBABLE ENZYMES CATALYSING |

Ammonia Hydroxylamine Nitrite Nitric oxide Nitrous oxide

|

Nitrification Denitrification

This sequence of rections in
perfermed by autotrophic
ammonium - oxidizing bacteria;
Nitrosomonas europaea is the
best studied.

Nitrifier denitrification: hypotetical pathway and probable enzymes. (N.
Wrage et al., 2001)
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2. LITERATURE REVIEW.

INCOMPLETE

liquid phase (max value
mg/l). Maximum

0.1-0.3 mg0,/l.

(Y. Law et al. 2012) Nitrification

NITRIFICATION:
N,O could accumulate in the

production rates are observed
between DO concentration of

Main parameters leading to N,0 emissions.
(M.J. Kampschreur et al., 2009)

: 05
N,O

% Denitrification stage

e
NO; ==t NO, == NO ==t N,O ==t N,

stage cg:)

High O,

High nitrite  Low COD/N

High nitrite

4

- Insufficient aeration

- High organic loading
(combaned with
insufficicnt acration)

~ Insufficient acration - Over-asration - COD limitation - Influent characteristics

-Low SRT nitrifying $42° _ Nitrite transfer from _ Too efficient pre-
- Toxic compounds nitrification stage sedimentation
- Low temperature

- High ammonium concentration

LOW AERATION RATE
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2. LITERATURE REVIEW.

(M.J. Kampschreur et al., 2009)
STRIPPING

Henry’s Law
H=P/C

Nitrification stage

Main parameters leading to N,0 emissions.

NHOH =mem— NO; me— NO_

The accumulation of nitrate,
nitrogen oxide and nitrous oxide is
provided by facultative bacteria.
They use O, as electron acceptor
in place of nitrite.

Q?: Denitrification stage /\

= NO; == NO = N,O =

cg:glb

Low O,

4 4

High nitrite

@ mitrite  Low CODIN
4

- Insufficicnt acration

- Insufficient acration

High organic loadi Low ST itrifying st222 J Niite transfer from - Too cficicnt pre-
P e loading - Toxic compounds nitrification stage sedimentation
(combined with

insufficicat acration} - Low temperature

- High ammonium concentration

- Influent characteristics

COD limitation

HIGH AERATION RATE
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2. LITERATURE REVIEW.

INCOMPLETE
NITRIFICATION: N,O could
accumulate in the liquid
phase.

Nitrification stage p

High nitrite

nsufficient aeration
-Low SRT
- Toxic compounds
- Low temperature

- Insufficient acration

- High organic loading
(combined with
insufficient aeration)

LOW NITRIFICATION
RATE

NH,OH =e— NO; =e— NOJ

- High ammonium concentratio

LOW DENITRIFICATION RATE

%) Denitrification stage

NO; === NO, =#=NO ==t N,O =~ N,

High O,

- Influent charactenistics

_ Too efficient pre-
sedimentation

nitrification stage

Main parameters leading to N,O emissions.
(M.J. Kampschreur et al., 2009)
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2. LITERATURE REVIEW.

Low O

High nitrite

- Insufficient acration

Nitrification stage (Q

- Insufficient acration

- Low SRT
- High organic loading .
(combined with Toxic compounds
insufficient acration) - Low temperature

- High ammoaium concentration

Main parameters leading to N,0O emissions.
(M.J. Kampschreur et al., 2009)

LOW DENITRIFICATION RATE:
Accumulation of NO and
N,O in the liquid phase

Q%

Denitrification stage

High nitrite [ Low COD/N

- Over-acration - COD limitation - Influent characteristics)

mitrifying S32° _ Niite transfer fro
nitrification stage

- Too efficient pre-
sedimentation
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2

. LITERATURE REVIEW.

Copper ions

biosynthesis of N,O reductase.

Nitrification stage Cp
=

NH; === NH,OH =e— NO; == NO;

Low O, High nitrite

- Insufficicnt acration - Insufficient acration
-Low SRT

- High organic loading )

Ceombined with Toxic compounds

insufficient acration) - Low temperature

- High ammonium concentration

are essential in

Nitrate Mitrite Nitric axide
reductase reductase reductase

NO, w—— NO, st NO  —t— N, O w— N,

% Denitrification stage

NO; === NO, ===NO ==t N,O == N.

Denitrification
pathway.

HighO;  Highnitrite Low COD/N

- Over-acration

4

- COD limitation - Influent charactenstics
mitrifying s8¢ _ Wigire transfer from - Too efficient pre-

nitrification stage sedimentation

Main parameters leading to N,0O emissions.
(M.J. Kampschreur et al., 2009)
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FACTORS/INELUENCINGIN,0/PRODUCTIONIAND EMISSION.

POSSIBLE MITIGATION STRATEGIES

Minimizing the production in the li
phase:

U Ensure a longer sludge retention
time.

O Ensure a dissolved oxygen

concentration of 2 mg/I (defautl value).

O Ensure a reasonable COD/N ratio.

U Ensure availability of copper ions.

Minimizing the emissions:

quid

O Ensure a reasonable aeration time in

order to minimize stripping.

Universita degli Studi della
Basilicata

Greenhousegases production in wastewater treatment plants
Activated sludge: 100 g/us 1years — Palermo, 11 Maggio 2015

14/05/2015

10



2. LITERATURE REVIEW.

» GHG prediction and control by means MECHANISTIC DYNAMIC MODELLING: the variation
of wastewater characteristics, design parameters and operative parameters influences the
plant performance indices.

» GHG emission modelling by means the PLANT — WIDE APPROACH: describe the
behaviour of the entire WWTP including both sludge line and water line

PERFORMANCE PARAMETERS
U effluent quality

STATE VARIABLES

U wastewater characteristics
U design parameters
U operative parameters

U operative costs
U GHG emissions

BenchmarkSimulationVodel HEY INFLUENCE THE EMISSIONS FROM

Q BSM1 — Copp, 2002 BIOLOGICAL PROCESSES

QO BSM2 - Jeppsson 2007 & Nopens, 2010 _
Q BSM2G - Flores — Alsina et al. 2011, 2013 PLANT - WIDE MODELLING

Corominas L. et al., 2010; Flores-Alsina X. et al., 2011, 2013; Guo L. et al., 2012; Porro J. et al., 2011;
Sweetapple C. et al., 2013; Rodriguez - Garcia G. etal., 2012.
@@ Universita degli Studi della Greenhousegases production in wastewater treatment plants
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2. LITERATURE REVIEW.

» GHG quantification by means site — specific or default (IPCC Guidelines)
EMISSION FACTORS : Mass balance equations between the amount of GHG

produced and wastewater treated. (M.B. Shahabadi et al.,2009; R. Gori et al., 2011,
2013; A. Listowski et al. ,2011; M. Préndez et al. , 2008)

»GHG prediction and controll by means MATHEMATICAL MODELLING.
Activated Sludge Model Anaerobic Digestion Model
O ASM1 - Henze et al., 1987 QADM1 - Batstone et al., 2002
O ASM2 - Henze et al., 1995 ’
¥ Advancein

D ASM2d — Henze et ai., 1999 ] ! phosphorus E
O ASM3 — Henze et al.,”280@better 1¥ Understanding of | removal process ]

'
'
] v Publication of
§ BSM1(2002) v BSMsand plant-

wide modeling

understand ! biologicaland | understanding | ¥ Aplant-wide SIFIERICEEy
UASMN - Hiatt & Grady,r3@@8n 1 physical processes | ocdinelond used as modeling with
. i Ps 1 rring inside the! ¥’ Publication of control modified or iy
Q Modified ASM1 - Lubello et al., | 2008 ™™} rovaisos am | secomerest | orgnatveson | GRS

1
1
1
1
1
1
| ¥ Plant-wide
1
1
1
1
| ASM2d (1999) that h
|

force to control
WWTPs

O ASMG1 - Mampaey éiﬁﬁ.mla EJ Advance in WWTP |
Q Modified ASMG1 - Gu8'Bt al., ZGIJ.IW’E""E AEROBIC DIGESTION

v Establishmentof v Publicatiog

includa

theawarenessof | ASM1( MODELLING?!
thinking according . 3 . .
toplant-wide ! It is still not avaible in
approach

literature
(
i

(L“;@ Universita degli Stual aeﬂgMS 19805! = !
g 3 1

Basilicata

1930s 1 2000s - 2010s | Presentday  Time
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2

. LITERATURE REVIEW:

[ sampLinG METHOD |

LIQUID PHASE

Vacuum vial
Y. Law et al., 2012}

Floating chamber
(Y. Law et al., 2012; E. Ugetti et al., 2012;
Czepiel et al., 1995; A. Aboobakar et al., 2013;
L. Ye et al., 2013; J. Desloover et al., 2011; J.H.
Ahn et al., 2010).

The materials are: PVC, polypropylene (PP), aluminum, Teflon (politetrafluoroetilene —
PTFE), polivinilifluoride ( Tedlar - PVF).

@ Universita degli Studi della
! Activated sludge: 100 z/zs 1years — Palermo, 11 Maggio 2015

Greenhousegases production in wastewater treatment plants

Basilicata

2. LITERATURE REVIEW.

GAS PHASE SAMPLING, The floating chamber:

THE MAIN METHOD FOR OFF-GAS COLLECTION FROM LIQUID SURFACE

The principle of operation is
STRIPPING: during aeration N,O is
stripped from liquid phase into
gas.

Air inflow Floating hood

Itiparameter probe

Water surface

The process is controlled by HENRY’S LAW
Gas striopin CONSTANT: it regulates distribution liquid/gas
pping of compounds in a solution.

Greenhousegases production in wastewater treatment plants

@ Universita degli Studi della
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2. LITERATURE REVIEW.

GAS PHASE SAMPLING, The floating chamber:

Lq uid: pH, DO, T, NH,", NO., O, N.O () ™

Set-up for the on-line measurement of gaseous N,0 and CH4 emissions,
with position of the liquid grab sampling and detail of the Lindvall gas hood
(inset). (J. Desloover et al., 2011).

@ Universita degli Studi della Greenhousegases production in wastewater treatment plants
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2. LITERATURE REVIEW.

MEASUREMENT
METHOD

OFF LINE. The sample is taken

on site and analyzed in lab.
(Y. Law et al., 2012; E. Ugetti et al., 2012; Foley
etal., 2010; Czepiel et al., 1995)

ON LINE. Sampling and measurement are on site
processes. It is possible to observe spatial and

temporal variation of the observed parameter.
et al 2013; L. Ye et al., 2013; J. Desloover et al., 2011; J.H.
A. M. Lotito et al 2012; P. Wunderlin et al., 2012; A. Joss

A STANDARD PROTOCOL FOR
GAS PHASE GAS SAMPLING and

MEASUREMENT from WWTPs
is still not avaible in literature

| GASCHROMATOGRAPH |

IR ANALYZER | MICROSENSOR
@ Universita degli Studi della Greenhousegases production in wastewater treatment plants
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2. LITERATURE REVIEW.

OFF LINE MEASUREMENT FOR BOTH LIQUID AND GAS PHASES.

The samples are taken from the floating chamber or sampling bag through nylon
syringes (20 or 30 ml). They are analyzed by a GASCHROMATOGRAPH.

14/05/2015

Varian 450-GC

Agilent 6890N Network Gas
(E. Ugetti et al., 2012; M.J. Kampschreur et al., 2009)

Greenhousegases production in wastewater treatment plants

Activated sludge: 100 z/zs 1years — Palermo, 11 Maggio 2015
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2. LITERATURE REVIEW.

OFF LINE MEASUREMENT FOR BOTH LIQUID AND GAS PHASES.

Principle of operation of the gaschromatograph

|
|
L

AR

registratore

WMM

.

bombola gas

inicttore l trappola
j ] \
N PRINCIPLE OF OPERATION:
It consists in separating the
_ﬁﬁ-’J different components of a
mixture

Output
CHROMATOGRAM
Universita degli Studi della Greenhousegases production in wastewater treatment plants
Activated sludge: 100 #/us 1years — Palermo, 11 Maggio 2015
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2. LITERATURE REVIEW.

INJCTOR . The gas or liquid mixture is
introduced in the column.

CYLINDER. It contains the carrier gas
(mobile phase), nitrogen or argon.

COLUMN. It contains the stationary
phase.

DETECTOR. The electric signal is
proportional to compounds
concentration.

OFF LINE MEASUREMENT FOR BOTH LIQUID AND GAS PHASES.

Principle of operation of the gaschromatograph

iniettore l trappola

7) s
|

RECORDER. It provides the

| P /i\
| L,j [ __J
[
rivelatore

ﬂ
—

Ho

——

aria —

bombola gas

chromatogram.

@ Universita degli Studi della
Se?.  Basilicata
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2. LITERATURE REVIEW.

Electron Capture detector

INSTRUMENT SETTING
Background signal

N, —— Ny +e

ELECTRIC SIGNAL PRODUCTION

column the following reactions are
provided:

A+ € —_ A

A + N2+ —_—> AN2+

OFF LINE MEASUREMENT FOR BOTH LIQUID AND GAS PHASES.
Principle of operation of the gaschromatograph

When an external compound crosses the

The area of the peack is a function of the
i compound concentration.

Y

2
5
£ . .
% Retention time
2 |
é @ h
2 ‘
L e b—
iniezione

@ Universita degli Studi della
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2. LITERATURE REVIEW.

ON LINE SAMPLING FOR GAS PHASE.

An INFRARED ANALYZER is used during on line sampling: Multi-gas Analyzer
FT.IR(Fourier Transform Infrared Spectroscopy) .

I

FT.IR Gas Analyzer GASMET CX — 4000 (P. Wunderlin et al., 2012; A. Infrared Gas Analyzer. Teledyne APl Model 320E. (J.H.Ahn
Joss et al., 2009). etal., 2010).

The Furier Transform is a function that transforms signals in frequencies.

@ Universita degli Studi della Greenhousegases production in wastewater treatment plants
Basilicata Activated sludge: 100 z/zs 1years — Palermo, 11 Maggio 2015

2. LITERATURE REVIEW.

ON LINE SAMPLING FOR GAS PHASE
Principle of operation of the Multi-gas Analyzer FT.IR

Eccitazione Rilassamento
elettromagnetica termico PRICIPLE OF OPERATION:
— - e.m. radiation — matter
+ he - — + a ) )
——8—— quanto —— E—— calore interaction
Atomo allo di luce Atomo allo Atomo allo stato
stato fondamentale stato eccitato fondamentale

Output:
INFRARED SPECTRUM
@ Universita degli Studi della Greenhousegases production in wastewater treatment plants
Basilicata Activated sludge: 100 z/us 1years — Palermo, 11 Maggio 2015
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2. LITERATURE REVIEW.

ON LINE SAMPLING FOR GAS PHASE
Principle of operation of the Multi-gas Analyzer FT.IR

Spectrometer

1Source 2. Interferometer

* - ol
]

i — -

3.Sample m—"
i

J' Interferogram

Plystyrens run as fim

Wavenurrkars (om ]

FFT Spectrum
5. Computer
4 Detector )
COMPUTER. It provides the Furier
SOURCE. Infrared radiation source (Incandescent lamp). Transform .

INTERFEROMETER. Michelson Interferometer
SAMPLE.

DETECTOR. It transforms energy into electric signal

@ Universita degli Studi della Greenhousegases production in wastewater treatment plants
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2. LITERATURE REVIEW.

ON LINE SAMPLING FOR LIQUID PHASE

Clark —type microsensor

WA 55 s

Microsensor - UNISENSE (Y. Law et al., 2012) . http://www.unisense.com/N20)

Principle of operation

Driven by the external partial pressure, nitrous oxide from the environment will penetrate through
the sensor tip membrane and be reduced at the metal cathode surface . The picoammeter converts
the resulting reduction current to a signal .

@ Universita degli Studi della Greenhousegases production in wastewater treatment plants
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http://www.unisense.com/N2O

3. LITERATURE ANALYSIS. STRENGTHS.
1. The knowledge on CO, and CH, formation during biological

. The knowledge on modelling about

processes is very rich.

. The knowledge N,O formation during nitrification,

denitrification and nitrifier denitrification processes is increased.

. The infleunce of design variables on amount of emissions is

clear.

activated sludge processes (ASM) with
nitrous oxide emissions is increased.

Greenhousegases production in wastewater treatment plants
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3. LITERATURE ANALYSIS. WEAKNESSES.

1. Lacking of a comprehensive standard protocol for gas sampling

and measurement in liquid and gas phase

. Lacking of a model for sludge aerobic digestion

. Lacking of experimental measurement at pilot scale and full

scale of thickening and aerobic digestion
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Thank you very much for your
attention

Donatella CANIANI, donatella.caniani@unibas.it

Marianna CAIVANO, marianna.caivano@unibas.it
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S JHE N AR HESU RS Develop a protocol for gas sampling and measurement.

Technical and economic evaluations

1. The Gas Analyzer IR is inadeguate for gas measuring: it is sensitive to
humidity and temperature variations, so the data could be inaccurate.
Furthermore, it is more expensive (60 000 — 80 000 euros).

2. The gas sampling directly from the hood using syringes is not adequate
because of they are expensive (180 euros/cad). So the use of sampling
bags with a pump from hood to portable gascromatogrph (miniGC) is
better.

3. ALUMINUM BAG IS BETTER THAN TEDLAR ONE BECAUSE IT AVOIDS THE
FORMATION OF MOISTURE . Furthermore, it is cheap (4 euros/0.5 L),
reusable and more resistent.

4. A passive sampler (10 euros/cad) with a minimum sampling time of 8
hours is useful to provide the magnitude of gas concentrations.

5. Syringes (25 ml) with silice gel can be use in place of aluminum
They can be link to the GC using a drip tube with closed infugiog
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7. FUTURE DEVELOPMENTS.

+¢* Build the aerobic digestion tank

+¢ Develop a modified Activated Sludge Model
for aerobic digestion

+¢ Start — up of the hood for the off-gas collection
and preliminary results about gas sampling and
measurement from full-scal aerobic digestion
tank.

Greenhousegases production in wastewater treatment plants
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