Wastewater GHG Emissions

REUBEN BOUMAN
SENIOR ASSOCIATE PROCESS ENGINEER, BECA
27 MAY 2021

CONTRIBUTORS -

MIKE BOURKE, EVIE WALLACE,
LESLEY SMITH


http://www.beca.com/

Wastewater GHG Emissions

e  Carbon footprint of a WWTP

« Operational carbon emissions & estimating these (different
guidelines & changes to guidelines)

« N,O and it's portion of a WWTP baseline

« The CWTP case study

« The Water NZ Climate Change SIG

« Work to consolidate + further our understanding
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Council carbon neutral targets

Christchurch Council to net zero  City to net zero

(2045)
Wellington City 43% Net zero
Auckland 50% Net zero
Hamilton CC 50% (ex. biogenic)
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The carbon footprint of a WWTP

* Operational carbon - emissions o o
associated with the operations — 3000 |
categorised into “direct” (CH, and )

2,500

N,O, on-site energy use), and
“indirect” (e.g. electricity, biosolids
management, chemical consumption)

« Capital carbon - emissions
associated with the creation of assets "

Annual operatlonal emissions
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projects, those embodied in materials .,
and used in construction processes
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Operational Carbon - Process Emissions

Influent

Nutrients:

- dissolved CH,

co,
CH,

N,O 265

Inlet works /
primary
treatment

N O

2

Secondary
treatment
- reactors

- pond system

CH,

Solids treatment /
S G ER ey ¢ anerobic digestion /
biogas use / flaring

Discharge
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Wastewater Greenhouse Gas Emissions

Biosolids '
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Source: Christchurch City Council ’ . ' Beca
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WWTP Potion of Council Organisational Emissions

Waipa Christchurch

smﬁ = snvironment

Wastewater plants highest contributor of Waste (Scope 3)
1%

greenhouse gas emissions in district Transport (Scope 3)

O OO0 0 2% Transport (Scope 1)

3%

Electricity (Scope 2) and
Transmission and Distribution
Losses (Scope 3)

38%

CWTP (Scope 1)
50%

Stationary Energy
Generation (Scope 1)
5% HFCs (Scope 1)

Reducing emissions from wastewater plants appears as the biggest

BRES o > u
challenge facing Waipa District Council if it wants to meet the expectations of ﬂF Be‘ a
[]

the Climate Change Commission
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IPCC

IpCC

climate chanee

2019 Refinement to the
2006 IPCC Guidelines for National
Greenhouse Gas Inventories

Edined by Cufons Derson, B Tambe. K Krange, A
Iswssrmanon, 1. Fubiate, M, Nguriae §
Ot A, Pyriaheniin, ¥ . Shermmase, ¥ sod Frcbersci, 4

@ Environment

e

Measuring Emissions: A Guide for
Organisations

New Zealand Government
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Example Assessments (IPCC 2019)

BAU Baseline 2019/20

Operational Carbon Emissions
1,257 tCO.e

Discharge nitrous
oxide emissions

7

emissions
from SBRs
83%

Methane emissions
released at WWTP
9%

Scope 1 Emissions:
672 tCO.e

cope 2 Emissions
96 tCO,e

Nitrous
oxide Plant electricity

100%

Operator commute  Transmission and
5% distribution losses

Soda ash (eleczt;:cny) Transport of
Polymer production grit'screenings to
production 1% landfill and

2% \‘ o, disposal in landfill

10%

Transport of
biosolids to landfill
15%

490 tCO,e
Disposal of
blosolids In landfill
65%

Scope 3 Emissions:

« SBRs followed
oy UV and land
pased disposal

 Dewatered
sludge trucked
to landfill
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Example Assessments (IPCC 2019)

w=in e Aeration basin
o followed by
facultative ponds

I and tertiary

wetlands

, / * Ocean outfall
uV—»[OCEAN OUTFALL 3+ dlsposal

« Geobagged
sludge

iEBeCd


http://www.beca.com/

Sensitivity: Genera |

National level guidelines used for plant
level estimates

Recent research focused on BNR
plants as known to be a significant
GHG contributor

Based on influent nitrogen (not
nitrogen removed)

Large uncertainty on emission factors
(EFs) — reflects large variation of these
emissions within a process

1 IPCC Guidelines

C

Summary — IPCC and N,O plant EF
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N,O

4

Nitrifier T
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Hydroxylamine Chemical “~- -4

oxidation hydroxylamine

@ @ oxidation j

Source: Campos, et al., 2016

Pathways of Production

Autotrophic nitrification

Heterotrophic denitrification

Organic ~ Organic  Organic Organic
matter matter matter matter :
——> NO, —— NO —> — N, ,

265 x the
GWP of CO,

N/dN
processes

Stripped to air
by aeration
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The Christchurch Example: Fortyfold
iIncrease Iin estimated N,O emissSions

30,000 2019 IPCC

25,000

20,000

15,000
2006 IPCC
5,000

Effluent N, O
B Plant CHy B Effluent CHy
M Biosolids to Land

tCo,e

BeCa
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IPCC 2019 Default Factors

Correlation between influent total nitrogen (TN)
loading and N,O emissions
400

v=0.0161x

h
o

R?2=10.7872

o N W W
S h O
o O O

150
100

N,O emissions (kg N,O-N/day)
N
(o)

o

0 5.000 10.000 15.000 20.000 25.000
TN loading (kg N/day)

S : IPCC, 2019 .
o itBeCa
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IPCC 2019

Default Factors

TABLE 6.8A (NEW)

DEFAULT EF VALUES FOR DOMESTIC AND INDUSTRIAL WASTEWATER

Tvpe of treatment and EF! (kg N2O-
discharge pathway or system Comments N'kg N) Range
Discharge from treated or untreated system, EFErrruENT
Based on limited field data and on specific
Freshwater. estuarine. and assumptions regarding the occurrence of ,
. ) ) S : .E. SR 0052 .0005 —0.075
marine discharge (Tier 1) nitrification and denitrification in rivers 0.00 0.0005 -0.07
and 1n estuaries
. , Higher emissions are associated with
Nutrient-impacted and/or = o
hypoxic freshwater. estuarine nutrient-impacted/hypoxic water such as
T T C eutrophic lakes. estuaries and rivers. or 0.0192 0.0041 —0.091
and marine environments ( Tier : g
) locations where stagnant conditions occur.
3. if needed) j . .
See section 6.3.1.2 for more information.
Discharge to soil Emissions reported in Volume 4
Wastewater treatment system, EFpianes
;Zlftmhseci' felllusiier N20 1s variable and can be significant 0.016! 0.00016 —0.045
Anaerobic reactor N20 1s not significant 0 0-0.001
Anaerobic lagoons N20 1s not significant 0 0-0.001

Source: IPCC, 2019
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* Biological mechanistic model of plant on ( ’
GPS-X

 Calibrated to plant data (influent and c
effluent flows and loads, sludge production,

aeration requirements)

* Models Scope 1 emissions as a gas-liquid
transfer process

il NP
D> g TR V J

— rme

w@
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1 IPCC Guidelines

» Further accuracy of estimates requires on-
site testing of emissions

« Good international examples for NZ to
draw on (e.g. South Australia Water)

3 GPS-X Model

Source: SA Water & Water Engineering
Technologies

Next steps 4 on site Testing

iEBeCd
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What next?

water .

NEW ZEALAND ==
The Naw Janlarma Water & Wastar Assaration N v Azteame

CONTACT | MEMBERSHIP | DASHBOARD | LOG OUT

ABOUT ~ NEWS & EVENTS ~ PROJECTS & BENCHMARKING ~ KNOWLEDGE BASE ~ UPSKILL & TRAINING ~ GROUPS ~

CLIMATE CHANGE

@ Climate Change Group
WATER NEW ZEALAND

« Water NZ - Climate Special Interest Group (SIG)
« Consultant, Council, Industry and Academic members

iEBeCd
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« Navigating to net zero: Aotearoa's

t)
Wh at N eXt : Water Sector Low Carbon Journey
The Water Industry’s  June 23" — Water NZ event to launch
Low Carbon Journey the first draft (see on Water NZ
website)
Set_ carbon Quantify baseline Plan operational Review emissions
reduction targets operational and and capital annually to track
for all forms of capital carbon d caprial ually
carbon emissions BMISSIONS reduction initiatives progress

water .~ JRBECA
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What next?

The Water Industry’s
Low Carbon Journey

. Forecasted baseline emissions

. Actual reported emissions ‘

Annual Operational + Capital Carbon
Inventory (tCO,-e)

Example Output — Operational and Capital

Emissions
reduction achieved
through capital and

operational
reduction initiatives

2017 2025 2030

2035

2040

2045

2050

—

Emissions
reduction from
2017 baseline

7

\L

Offsetting required for remaining non-
biogenic emissions to achieve net zero

~

J

s

Remaining biogenic methane
emissions for which offsetting is not
required

N

water .~ fi§BECa
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What next?
« Standard NZ Methodology for Estimating Emissions

« Water NZ Wastewater Emissions Working Group (sit under the
Climate SIG)

« Developing a standard methodology for estimating emissions
« Based on 2019 IPCC but with changes to reflect other
international guidelines and NZ's mix of WWTPs and local

conditions
« Will identify further recommendations to further

understanding In this area
water .~ ifBeCad
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What next?

«  On-Site Testing * Investigating on-site testing of emissions

and funding opportunities to purchase

testing equipment

« Collaboration with Universities
(PhD/Masters projects)

« Shared equipment for use around NZ

* Workshop in July for scoping (contact
lesley.smith@waternz.org.nz)

Online monitoring at
multiple locations o

Multiple gas hoods (spatial and diurnal meonitoring) e BN

I:.J el;Engineering

TECHNDLOGIES

water .~ iBECA
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What next?

 International learnings
« EXxpensive - collaboration
required

Online monitoring at . b
multiple locations QN

Multiple gas hoods (spatial and diurnal monitoring)

I :.4 er“Engineering

TECHNODLOGIES

Combating activated sludge N,O
emissions at full-scale: from monitoring
to mitigation

Ben van den Akker’, Yuting Pan?, Bing-lJie Ni2, Liuv Ye?, Ben

Thwaites’!, Zhiguo Yuan?

1. SA Water Corporation, Adelaide, SA, Australia
2. Advanced Waler Managemen! Cenlire, University of Queensiand, QLD, Australia

THe UNiversary r Advanced Water

?\ ‘;:T,‘.‘;";;‘.:f,'..“j 8 OF QUEENSLAND S ' Management Centre SA Water

Model application to SBR

Intermittent high aeration contributed to N,O production vic NH,OH pathway [favoured by elevated DO)
Modeliing assessed two altemative aeratfion sirategies

Intermittent, stable aeration (DO 2 ma/l) - 22% reduction
2. Simultaneous Nitrification Denifrification: Continuous, stable aeration (DO 0.5 ma/L) - 44% reduction
: 1 10 B O e feon I TXO6 smaeed 100
—~ n — Nocmal
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What next?

 Reduction opportunities

* Reduce quick-win and cost benefit emissions first
» Sludge/biosolids — sludge treatment, beneficial reuse

* Reduced landfill emissions
* Reduced transport emissions

iEBeCd
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What next?

 Reduction opportunities

* N,O — process changes
* On-site testing and ongoing monitoring
* Reducing power demand and emissions
« South Australia Water — simultaneous nitrification
denitrification
* Anglian Water — anaerobic treatment, MABR,
alternative ammonia removal processes
» Trade off — discharge N vs. N,O released to atmosphere

iEBeCd
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CH, N.O
Influent : d
econdary

trient ot
i Inle;ix:rrks 4 treatment Ev =

éN ) triatme):\t - reactors AR

. <‘iiﬂ(-o|\%|: CH ' - pond system
CH,

Solids treatment /

anerobic digestion /
biogas use / flaring

Key Contacts

CCC - Mike Bourke, Julia Valigore, Kevin Crutchley
Beca — Evie Wallace, Reuben Bouman
Water NZ — Lesley Smith

i!i! Beca #wemakethingshappen

CH,

Discharge
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