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Project overview
Context: St. Lawrence estuary is running out of breath
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Project overview

Context: St. Lawrence estuary is running out of breath

“Historical data paired with
data acquired between 2003
and 2021 reveal that dissolved
oxygen concentrations in the
deep waters of the estuary
have been in deep decline
over the past century.”

Mucci (2022)
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Project overview
Context: St. Lawrence estuary is running out of breath

causes:

« Deep-water temperatures have increased “dramatically to 6°C from 3°C”
(Mucci, 2022)

* Change in the relative proportions of waters from the Labrador and
Gulf Stream (or North Central Atlantic) feeding the St. Lawrence:
“The proportion of warm, less-oxygenated waters from the Gulf Stream
Is increasing, at the expense of colder, more oxygenated waters from the
Labrador Current.” (Mucci, 2022)
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Project overview
Context: St. Lawrence estuary is running out of breath

causes:

« Deep-water temperatures have increased “dramatically to 6°C from 3°C”
(Mucci, 2022)

* Change in the relative proportions of waters from the Labrador and
Gulf Stream (or North Central Atlantic) feeding the St. Lawrence:
“The proportion of warm, less-oxygenated waters from the Gulf Stream
Is increasing, at the expense of colder, more oxygenated waters from the
Labrador Current.” (Mucci, 2022)

* Nitrogen eutrophication, which results in increased primary production,
organic matter settling and oxygen consumption



Project overview

Context: St. Lawrence estuary is running out of breath
Where does that nitrogen come from?
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Project overview

Context: St. Lawrence estuary is running out of breath
Where does that nitrogen come from? T

From a Québec perspective:

Upstream N-load

Agriculture runoff (fertilizer)

e Wastewater discharges
(no regulation for nitrogen)
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Project overview

The Quebec government is asking the
big cities (Montréal, Québec City, Laval,
Longueiul, etc.) to look into their
capacity to treat nitrogen in view of
future requlations

Hence, Québec City wants to see the
impacts of nitrogen removal : financial,
logistical and environmental impacts
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Project overview

Cities and industries around the world
strive towards net-zero emissions

Large efforts are done to mitigate
greenhouse gas (GHG) emissions

Proposal for regulatory
methods to reduce
nitrous oxide
emissions from

treatment plans

Regulation on nitrous oxide emissions
from WRRFs in Denmark (2024)



Context — GHG emissions

GHG Accounting

® Scope 1:Direct emissions
from processes

® Scope 2:Indirect emissions
from energy consumption

® Scope 3:Indirect upstream

and downstream emissions
(chemicals, materials, ...)




Context — GHG emissions

WRRF objective : Reduce pollutant load to the environment
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Context — GHG emissions
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Context — GHG emissions

273x more powerful than CO,

NZO(g)
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Context — GHG emissions
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N,O emissions from receiving waters
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N,O emissions from receiving waters

NZO (9)

(1) (2)

In-river N, O production and
emissions will vary with local
conditions (DO, temperature,
carbon availability, mixing, etc.)
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Problem definition

Overview of Québec WRRFs:

2 “identical” WRRFs
(West and East WRRF)

BIODROF technology

Similar wastewater quality
West flowrate : 240 000 m3/d
East flowrate :160 000 m3/d




Project overview

Problem definition

Biofiltration:

Eau 2 traiter
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Project overview

Problem definition

Québec City is engaged not to increase GHG emissions

The WRRF operators want to look at the carbon footprint (or GHG emissions)
for 3 future scenarios:

1. Carbonremoval (CCME compliant, 25/25)
2. Carbon removal, nitrification and post-denitrification
3. Pre-denitrification, carbon removal and nitrification



Project overview
Problem definition : Scenario 1
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Project overview
Problem definition : Scenario 2

Settling
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Project overview
Problem definition : Scenario 3
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Modelling the existing biofilter

BIODROF model:

BIODROF built on basis of submodels
developed by Zhu (2020) for
SIAAP-Paris, further used by Serrao
(2023)




Modelling scenario 1

Modelling biofiltration - Carbon removal
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1 BIODROF biofilter

?«n@_l

BioDrof_1

BioDrof_2

BioDrof_3

\_

Air_Temp_BD

Backwashsplitters_1

Retours_Eaux_Lavage_BiolLest

1 BIOLEST biofilter



Modelling scenario 2
Modelling biofiltration - (C+ N) removal by NIT & post-DN

2 BIOLEST biofilters
in series, with C-addition

1 BIODROF biofilter




Modélisation de scenario 3
Modelling biofiltration - (C+ N) removal by pre-DN & NIT
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Results

GHG Accounting

® Scope 1:Direct emissions
from processes

® Scope 2:Indirect emissions
from energy consumption

® Scope 3:Indirect upstream

and downstream emissions
(chemicals, materials, ...)
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Results
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GHG accounting
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from processes Mechanistic modelling
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Results

Yearly GHG emissions according to scope

Carbon footprint (tons CO-eq/year)
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Emissions from the river
ReSUItS through dissolved N,0
. d nitrified itted N
Yearly GHG emissions and nitrined emitte
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Results

GHG emissions from construction
Equivalence in years of operation

5 years —

60 000 A

50 000 A

2 ye ars 33 345 (56%)
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Conclusions

The three scopes of GHG emissions were evaluated for this upgrade projet

In general, Scope 1 is the main GHG emission source

Thanks to hydropower Scope 2 emissions remain limited

Construction for upgrade is GHG-equivalent to 2-5 years of operation



Finishing touch...

What if we run a scenario without post-denitrification battery?

* Three sources of emissions change:

1. Methanol consumption is now null
2. Increase of nitrogen compounds in the effluent



Finishing touch
Scenario without post-denitrification battery - Total emissions

Increase of ~700 tons CO,eq/year

B Process mmm Energy mmm Lime MeOH River

Scenario 2
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