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= This webinar will be recorded and made available “on-
demand” on the IWA Connect Plus platform, with presentation
slides, and other information.

= The speakers are responsible for securing copyright
permissions for any work that they will present of which they are
not the legal copyright holder.

= The opinions, hypothesis, conclusions or recommendations
contained In the presentations and other materials are the sole
responsibility of the speaker(s) and do not necessarily reflect
IWA opinion.


https://www.iwaconnectplus.org/
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= ‘Chat’ box: please = ‘Q&A’ box: please use
use this for general this to send questions
requests and for to the panelists.
Interactive activities. (We will answer these during the
discussions and in post-webinar
materials.)

Please Note: Attendees’microphones are muted. We cannotrespond to ‘Raise Hand’.
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m CLIMATE
AGENDA ST UTILITIES
= Welcome, introductions and overview of series
Amanda Lake, Jacobs, (Moderator)
= LCA in wastewater treatment
Eoghan Clifford, University of Galway
Q&A
= LCAin energy and resource recovery upgrades, VARGA project
Maria Faragd, Rambgl|
Q&A
= Case study — Sustainability as a driver for Aarhus ReWater
Jacob Kragh Andersen, Envidan / Inge Halkjeer Jensen, Aarhus Vand
Q&A
= Introduction to the GHG white paper
Amanda Lake, Jacobs, (Moderator)

= Closing remarks (Encouragement to engage)

inspiring change 4



MODERATORS & PANELISTS m uriLITES

Amanda Lake Eoghan Clifford Maria Farago6 Inge H. Jenson Jacob Kragh Andersen
Jacobs University of Gallway Rambagll Aarhus Vand Envidan
United Kingdom Ireland Denmark Denmark Denmark
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THE ROAD TOWARDS Climate change * Climate change refers to K ‘INAR
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LCA In wastewater treatment — an
example in aeration

Bhbes b 1 N e Steeee e T T EEE e e e L L E e

EOGHAN CLIFFORD, UNIVERSITY OF GALWAY
;:\3:".-_7_1“7:“ - - 3 > =
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Head of Civil Engineering in University of Galway
(OLLSCOILNA (GAILLIMHUE

UNIVERSITY oF GALWAY

= Technical advisor to Vortech Water Solutions (spin-
out from our research group)

= Process engineering in water and wastewater

VorTech

WATER SOLUTIONS

Academic and industry background

= Fundamental to applied (almost full-scale) research

inspiring change 8
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Life cycle assessment End of ! Resources @'

life

Processmg

\ /

% Distribution Manufacturing {é}
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LIFE CYCLE ASSESSMENT s UTILITIES
= Lifecycle assessment model Impacts
|

0 INPUTS @} OUTPUTS
A * * - *
= DO product

"@' | {§} process { |

Cradle to
consumer

@ Impacts per....
O * FEunctional 1 500 mL water bottle

f O M e 1kmdriven

I ' * 1kgO, entrained

= Model boundary

Cradle to
gate
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= Academic:
— Holistic measurement of overall system/productimpacts

— Can drive innovation and mitigation
— Evidence for policy

= Industry
— Requirement at tendering stage (normally embodied carbon only)
— Innovation and efficiency
— Environmental credentials etc.

= Utility
— Required for carbon reporting

— Can drive green tendering processes
— Can reduce whole life cycle costs and impacts




CHALLENGES WITH LIFE CYCLE ASSESSMENT

Messy / é Fair

complex comparisons i
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https://nacnudus.github.io/duncangarmonsway/posts/2019-02-22-rebel-bayes-day-5
https://creativecommons.org/licenses/by/3.0/
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= Aeration a key component in wastewater
treatment
— Underpins most biochemical processes
— Key for process control
— Major energy consumer
— Impacts wider WWTP emissions (e.g. N,O)

= This study:
— Part of an industry/ academic collaboration

— Developed LCA for an aeration productinstalled at a
large WWTP

— The first such study like this (as far as we know)..

[ 2
seali®ion  science S I
OF IRELAND
Foundation
Ireland For what's next
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the international
water association

LIFE CYCLE ASSESSMENT OF AERATION IN A CASE-
STUDY WWTP

Retro-fit of ~ 100,000 population equivalent wastewater treatment facility

Utility required embodied carbon statement from supplier

LCA carried out over product life cycle (using ecoinvent v3.9 & simapro)

= Non exhaustive list of product stages below

—

infrastructure

( )
7 N o Electricity, el nstallation & ( N
. Transport to Y Maintenance . a ;
Raw o production heat — Off the shelf e Electricity End of life
materials facility e Welding components e Shipping ] over typical
* Supporting e Shi materials e Truck * Installation lifecycle * Material
infrastructure P e Factory * Pumps equipment e Equipment disposal
freight - « Piping Transport t (e.g. cranes) .
e Truck buildings ransport to « Electricity £ replacement e Material
Raw materials | Manufacture | * Valves installation Cectricity for & associated recycling
. ° Rai and site installation materials ) \
. ~ . J N
manufacture
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MODEL BOUNDARY rretefAeRte A

Full product lifecycle analysis

Included for life \
cycle impacts

infrastructure

" N 2 ™~
Electricity, " Y Pl 'nstallation & RN \
Transport to ¢ ’ A .
e Raw o production heat p Off the shelf . e Electricity ( End of life
materials facility * Welding Sl * Shipping . | over typical
* Supporting * Ship materials e Truck * Installation lifecycle e Material
infrastructure freight « Factory e Pumps equipment « Eqyipmet disposal
e Truck buildings * Piping Pt leg. c_ra.nes) rep ent * Material
Raw materials i Manufacture e Valves installation ° F'eCt”C'FV for & ated recycling
L * Rail and \ site ‘ L installation ) m¥eria )/
manufacture . ]
Operatio ‘
N e
e - ,\»»»»» -

Included (with “embodied
impacts”) for life cycle model
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—%— Inventory data: Infrastructure, electricity : .

v= grid carbon intensity & raw materials Functional units:

v 1 kg O, entrained in wastewater for a

system operatingfor 40 years

- _ _ 1 aeration product (to gate & operated
I Bespoke dat.a. Bill of rnatenals, datafrom over 40 years) treating for 200,000 PE

o equivalentsites relatingto oxygen transfer

etc.

‘\/é Mixed sources: Transport (inventory +
\> shipping route date), material properties

Methodology: EN15804 + A2 revision
which covers Environmental Product

Declarations of construction products (incl.
use of CFF Annex Cv2.1 — 2020).

Data inputs and model results cross-checked using other sources as much as possible
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= Qverall life cycle impacts (40 year life cycle & 1 year life cycle)

% of each impact category contribution to % of each impact category contribution to
overall impacts (40 year life cycle) overall impacts (1 year life cycle)

Eutrophication, marine

Eutrophication, terrestrial

Ve ry Si m i Ia r Eutrophication, marine

Eutrophication, terrestrial
results regardless partiulate matter
0 Photochemical ozone formation

of product life
Eutrophication, freshwater
CVCI e ! Resource use, minerals and metals

Acidification

Particulate matter
Photochemical ozone formation
Eutrophication, freshwater

Resource use, minerals and metals

Trrrre.

Acidification

Ecotoxicity, freshwater

Ecotoxicity, freshwater
lonising radiation
lonising radiation

Climate change Climate change '

Resource use, fossils

'

Resource use, fossils )

0% 5%

10% 15% 20% 25% 30% 35% 40% 0% 5% 10% 15% 20% 25% 30% 35%

* Impact categories contributing less than 1% of total not shown
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= |Impacts related to product manufacture and end of life

100%
80%
60%
40%
20%

I Product fabrication a key
mmm|  contributor

Steel production (key
“offsets” due to
recyclabilityat EOL)

Transport generally not
0% % significant (except
Climate Resource  Ecotoxicity, = Resource  Particulate Human  Acidification . Jepe .
change use, fossils  freshwater use, matter toxicity, aCIdIflcatlon)
minerals cancer
and metals =

B Raw material extraction = = i “

B Materials for manufacture with recycled steel input * Impact categories . W Very little data on “off the
Steel transort to fabricator contributing less than 5% shelf” prod ucts
Manufacture / fabrication of total not shown

B Ancilliary equipment
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RESULTS — EMBODIED VS OPERATIONAL IMPACTS rretefAeRte A

= Contribution of each product stage to various impact categories

% each product stage to overall climate change and

acidification impacts | Operation accounts for

| . virtually all impacts

Operation & maintenance —

Transport to site I Acidification

Electricity mix is a key
input variable

Ancilliary equipment B Climate Change

Manufacture/ fabrication

Steel transport to fabricator E m bOd I Ed O . d
impacts Xygen requirementsan
Operation & maintenance o t ran Sfe r eff|c|e N Cy key
Raw material extraction in P ut varia b | es
20% 40% 60% 80% 100%
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. ; Low impact — inventory data onl

Materialsfor manufacture with More bespoke data from steel
recycled steel input forming

Manufacture/fabrication

Low impact and likely relatively
accurate

More be-spoke data would help

Suppliers to model their
products. Modelled as equivalent
mass iron.

Ancillary equipment

Low impact and likely relatively

Transport to client
accurate

High importance. Model future

Operation / maintenance ) . .
grid carbon intensity.

End of life Improve data around recycling
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= Utilities
@ Technology selection must favour efficient/flexible operation
{é} Impact (& cost) modelling must be based on equivalent SITE data (not clean water!)
TeTe

5353 LCA can enable full impacts to be modelled over an entire life cycle

* Industry
® Full impact analysis will be necessary (when, to what extent?)
20,

Can and should drive innovation and efficiency
= Challenges
o Ensuring like by like comparison at design/tender stage
,;,/%% Industry having in-house skills to do LCA

Quality control (data and models)
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Eoghan Clifford
Professor, Head of Discipline of Civil Engineering
University of Galway, Ireland

eoghan.clifford@universityofgalway.ie
www.universityofgalway.ie

Life Cycle Assessment of Waste Water Treatment Plants in Ireland
DOWNLOAD FULL TEXT PDF

Original scientific paper

Journal of Sustainable Development of Energy, Water and Environment Systems
Volume 4, Issue 3, pp 216-233
DOI: https://doi.org/10.13044/j.sdewes.2016.04.0018

ns’ =, Matthew H lan’, Yan Delaure’, Brian Corcoran’, Edelle Doherty?, Eoghan Clifford”

ara’, Lorna

School of Mechanical Engineering, Dublin City University, G Dublin 9, Ireland

2 Civil Engineering College of Engineering and Informatics, National University of Ireland Galway, University Road, Galway, Ireland

Abstract
The Urban Wastewater Treatment Directive 91/271/EEC introduced a series of measures for the purpose of

llnd ||m|
Journal of Cleaner Production 4{"

Volume 165, 1 November 2017, Pages 1525-1541

ELSEVIER

Design and implementation of a
performance assessment methodology
cognisant of data accuracy for Irish
wastewater treatment plants

Edelle Doherty © 2 =, Greg McNamara ®, Lorna Fitzsimons ®, Eoghan Clifford ®
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Recorr
Science of The Total Environment -
o Volume 761, 20 March 2021, 144094 () Introdv
ELSEVIER | d availab
Journal |
Review J. Laso,
Life cycle assessment of fish and seafood 0 view
processed products - A review of Life cyc
- (Sardin
methodologies and new challenges sciencec
IanVazg
Israel Ruiz-Salmén ® 2, &, Jara Laso ©, Maria Margallo °, Pedro Villanueva-Rey *, = view
Eduardo Rodriguez ", Paula Quinteiro ¢ Ana Cldudia Digs %, Cheila Almeida ,
Maria Leonor Nunes © %, Anténio Marques * %, Antonio Cortés ', Maria Teresa Moreira The use
do Feijoo ©, Philippe Loubet %, Guido Sonnemann &, Andrew P. Morse ", Ronan Cooney ', upgrad
Eoghan Clifford '/, Leticia Regueiro ¥, Diego Méndez *...Rubén Aldaco ® Marine P
IanVazg
Show more
) view

ACKNOWLEDGMENTS:
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(2
SUSTAINABLE
ENERGY AUTHORITY
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Science S I
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Ireland For what's next
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LCA In energy and resource recovery
upgrades, VARGA project S
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MARIA FARAGO, LCA & SUSTAINABILITY SPECIALIST AT RAMB@LL
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ABOUT ME

‘BIOFOS RAMBOLL

P | LCA and Water

s 7 - Sustainability Specialist
.= VandCenterSyd
aarhusvand
PhD Fellow at DTU Envi t
elliow a nvironmen ‘Oct, 2022 -
‘2019-2022 present

DTU Technical Univertsity ‘2017-2019

of Denmark ) .
> Research Assistant & member of the Innovation team at

o ‘ DTU Environment
[\ 2017
%%W} ﬁf},ﬁg‘fgg"co MSc in Environmental Engineering,
Urban Water Systems management &
LCA/Sustainability assessment
® ~
2013; 2015 aarhusvand

BSc & MSc in Environmental & Land Planning Engineering
Planning and management of natural resources




TRANSITIONING TO WATER RESOURCE RECOVERY IWA e

FACILITIES wator acsociaton  UTILITIES
' A CIRCULAR plant is not necessarilya SUSTAINABLE plant
Trade-offs and T
burden-shifting ‘ -

GLEANWATER 1 LIFE BELOW 13 CLIMATE 12 RESPONSIBLE
WATER ACTION CONSUMPTION
ANDPRODUCTION

AND SANITATION

> | co

@ W
Wastewater —— > :.
/ﬂEES/\

Clean effluent
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Cradle to grave approach: Inventory of materials’ consumption and emissions along the life
cycle of the system

, Joair: e.q.
: CO,, CH,, N,O

Material Construction/ Operation/ Dismantling/
generation Installation Maintenance Disposal
Concrete, Excavation Energy Recycling
| ’ | ’ | U
steel, gravel, =" backfilling =" Chemicals e Incineration
HDPE
Transportation M
Emissions to the : :
environment v M
................... > To soil Co_prod ucts To water

Co-products




FROM CARBON FOOTPRINT TO A BROADER RANGE OF IWA e
ENVIRONMENTAL INDICATORS WSS UTILITIES

Damage Endpoint area
Midpoint impact category pathways of protection

| Particulate matter Increase in

racnirataruv

Environmental footprlnt

0.24 —
g 0.20
E =
.... g € 0.6
° g2
_g ME 0.12
( § ‘% 0.08
Cannot be used as a single £ oo
. . =
COz.¢q indicator to track the / oo
environmental performance CF @& EFST S
S
\ of WRRFs ) o &
e —— | A — Damage to
Mineral resources e WA
Oil/lgas/coal L~ | availability
Fossil resources -7 energy cost

Source: https://www.rivm.nl/en /lif e-cycle-assessment-Ica/recipe
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" Trade-offs and
- burden-shifting
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Contents lists available at ScienceDirect

Journal of Environmental Management

1
ELSEVIER journal homepage: www.elsevier.com/locate/jenvman
H Research article )
==
| |

e ————
- ~
P

wastewater resource recovery facilities

VandCenterSyd \
P ape r IV """""" . Maria Farago ™ , Anders Damgaard ", Morten Rebsdorf*, Per Henrik Nielsen , Martin Rygaard

\
\
1
1
1
1
1
1
1
1
'I
1 . . . . .
! Challenges in carbon footprint evaluations of state-of-the-art municipal
1
1
1
1
7

A multi-criteria sustainability framework to support

Paper Il

\
\
1
\
\
1
decisions in technology choices in water resource - i
-
0l 1
,// 5 Ee Contents lists available at ScienceDirect
recovery facilities 1 :
y \ { $ Water Research
AY 1
\ 1 A W) 8
\, ! s i § - ;
Maria Farage®”, Anders Damgaard®, Morten Rebsdorf, Martin Ryvgaard® \\ _______ ELSEVIER journal homepage: www elsevier.com/locate/watres
N,
N\,
N,
N,
N,
) ) & Sl e From wastewater treatment to water resource recovery: Environmental and %85
"""" economic impacts of full-scale implementation
Maria Faragd " , Anders Damgaard ", Jeanette Agertved Madsen ‘, Jacob Kragh Andersen ‘,
Dines Thornberg , Mikkel Holmen Andersen °, Martin Rygaard

Paper 111 ...o o
EQMBIIEBLIELEIII In‘ulglu

pubs.acs.org/est
Life Cycle Assessment and Cost-Benefit Analysis of Technologies in
Water Resource Recovery Facilities: The Case of Sludge Pyrolysis

Maria Faragé,* Anders Damgaard, Ivana Logar, and Martin Rygaard
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* How can life cycle assessment (LCA) support
decision-makers In selecting wastewater
treatment and resource recovery
technologies?

inspiring change 30
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RETROFITTING AN EXISTING WWTP TO WRRF

Avedgre
Background system
Natural Electricity
Chemicals Raw materials ga‘s\ &
Energy [ii | Waste | = amr MR | BUEO eSS @R T e B SN
»| management -
Land use AR ——-I—__Dty.
management : j P ... Foreground :
1 Biogasf;r |: A E el . ‘Q. System : . A e I b | J ]
1 Food upgrading I| 1y : Food waste Wastewater I
~ e e @ | el = Capacity of 400,000 PE
_______ 4 i (00N
| = Energy recovery plant

'..
)
Biological J“
fertilizer ~ !
| 3
_____________ 1 '
1 ! =
1 |
L A ==
! ual ! -
i Y 1 Anaerobic
1 assurance I
1 1

| digester

. Exportlng blogas heat

1
1
1
1
1
1
1
1
1
1
1
1
Measurements 1
I_ —— -
1
1
1
1
1
1
1

| Laughing gas

e e ks s s s s s =~

SR e A e ] , = Water line: real-time measurement &
WAL e F]ﬂ e control of N,O, pre-filtration, anammox
.. = Sludgeline: biogas upgrading + P2H

)y BT e * Waste management: P, sand and

Building chemicals recovery from sludge ashes

1 L_construction




LCA OF RETROFITTING AVEDYRE WWTP TO A WRRF
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Carbon footprint Resource use —minerals and metals }

8.E-01 - : : : : : : 2.E-05 ~ : : : :

Z i i : : ] : 5 ! 5 : 5
6.E-01 - i i : : i : : : : i : :
[ .355% % ' ZZ| |\ z&| | % | & | LE05 5 i i i i i
= 4EO0L - P | | | | | T i 93% 1| | | | |
£ | 559 - 531 B | 0. B -54% | T oo O | [ | | | =
g 2E01 é i é : i i o é i o e ] e ]
o i i i i i i @ 0.£+00 : e [114% St : :
© 0.E+00 i i ; ; i : a 2 & 3| : i i
X 1 1 H H H H o w | 2 1 2 H : : H
= - : - : : : : : = 2 NN : : ;
2EB014 & bR i : E : e  ° |9 | i i :
e ! i i i i E05 4 3 2 | i i i
3 ! : Q : : : : ; - = - | . .
4014 ® P E LR OE ' i i : : i :
3 3 : : : A S e
& i i i i T
-2.E-05 - ! ! ! ! ! !

— Phosphorus recovery from sludge g

ashes - MCP production

Hydrogen production
+ CO, from anaerobic digestion> more biomethane

Wastewater treatment: baseline operation
# GHG direct emissions: CH4

Source: Farago, M., Damgaard, A., Madsen, J. A., Andersen, J. K., Thornberg, D., Andersen, M. H., &
B GHG direct emissions: N20

Rygaard, M. (2021). From w astewatertreatment to w ater resource recovery: Environmental and economic
impacts of full-scale implementation. Water Research, 204, 117554. P-recovery: other co-products substitution
= P-recovery: chemicals & electricity consumption, landfill and transp
W Materials: new infrastructures
Others

m Discharge to sea: water pollution

m Biomethane --> Natural gas substitution

® Neomethane (P2H) --> Natural gas substitution

W Additional bio- and neomethane (pre-filtration)

M P-recovery: Monocalcium phosphate (MCP) substitution
¥ Heat substitution

+ Net impacts




ECONOMIC IMPACTS AND CO,-ABATEMENT WA G
COSTS

222-675 €/ton CO,.y awoided |

| 2€/ton CO,.¢q awoided

Z|N

2.5E-01 '
v (-0.2%) |
I @ |

2.0E-01 i ’

| 273641 €/ton CO,.q awided

: (a0 |
* ' ' : Total Value Added across stakeholders
5 : . * ; & Net VA: water user
1.5E-01 ‘ € Net VA: wastewater operator
"a ; 5 ; ¢ Net VA: P-recovery company
v 1 .0€-01 ; ; : : : © Net VA: State/Government
: ' : : ' # Scenario Analysis: TVA with internalized CO2-eq allowance costs
5.0E-02
0.0E+00 : :

sujpseg O O

oOINNE O
PHHOINN G O
dHPHHOIN N ® O

IHd+PHMHOIN N O O
XV42+d+PHI+OZN 44 T O

[FU: 1 m3 wastewater inlet]

= The TVA decreased with the implementation of resource recovery technologies by 19%, primarily due to the increase in operational costs (+70%)
that counterbalanced the increase in revenue (+26%). The real-time measuring and control of N2O emissions was the cheapest technology.

= Internalising the CO,-eq emissions did not significantly decrease the TVA in RF-Baseline suggesting that the current CO,-eq allowance price is either
too low or that wastewater operator should take further actions to reduce emissions.
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In general, retrofitting the existing Avedgre WWTP to WRRF decreased the
environmental impacts with a few exceptions e.g. freshwater eutrophication

$

The interplay of different types of technologies was the key to decrease impacts:
e.g. P2H+biomethanation, decreased climate change impacts while increased the
demand of mineral resources. The increase in this category, was overcome by the
implementation of P-recovery technology.

The economic value of the WRRF decreased by app. 20% compared to baseline.
However, some technologies were cheaper than others. Especially real-time
monitoring and control of N,O did not significantly decrease the economic value and
was most effective to reduce direct GHG emissions (up to 40%).
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Case study — Sustainability as a driver
for Aarhus ReWater
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REWATER PROSPECTUS Wator sseociaton UTILITIES

 New WRRF by 2028 - capacity 480.000 -> 600.000PE
* Three old WWTPs will be decommissioned
* Huge focus on resource recovery, sustainability and innovation

Aarhus Re\Water—a trailblazer in resource utilisation

A NEW RESOURCE AND WASTEWATER TREATMENT PLANT CLOSE TO MARSELISBORG WILL BE AN INTERNATIONAL
THAILELAZEN IN RESOURCE UTILISATION AND SUSTAINABLE TREATMENT OF WASTEWATER.

The plant, which is expected to be completed

in 2028, will become known as Aarhus ReWater
and replaces Marselisborg Wastewater Treatment
Plant, which in a few years will have too little
capacity to treat wastewater from a rapidly in-
creasing number of citizens in Aarhus.

Aarhus ReWater

The World's Most Resource Efficient
Wastewater Treatment Plant

In addition to treating wastewater, the plant must
produce surplus energy and utilise the resources
in the wastewater. In future, it will also be possible
to produce nutrients, proteins, food, chemicals,
and essentials for the healthcare industry from
wastewater.

With its location close to the city and the sea,
Aarhus ReWater also becomes a beautiful land-
mark for everything we can achieve at Aarhus
Vand.

Three visualisations of what the plant may look
like.

READ MORE ABOUT AARHUS REWATER HERE




REWATER: PROJECT ORGANISATION

i"’
dan fa KWR
(@ En\ﬂdan HaskoningDHV AN N\
Enhancing Society Together
Bridging goals Bridging knowledge Bridging science
to solutions to performance to practice BRIDGING TODAY TO TOMORROW

ENVIDAN @ RHDHV @ KWR

Figure 1: Triple helix DNA - the process consortium’s innovation partnership ‘Bridging today to tomorrow.
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GUIDING STARS — TOWARDS 2060 et 1

water association

Scenario: Resourceful

Scenario: Stay Cool

Scenario: Valuing Water

Marselisborg Renseanlzeg viser vejen for en ener-

Slam fra aarhusianske renseanleeg omdannes til
gipositiv og klimaneutral vandsektor

naeringsrig biokoks og aktivt kul

Our promises

- Net energy production is pushed to the

next level, creating more added value.

- All greenhouse gas emissions will be

prevented and/or eliminated.

- Positive impact by implementation of

solutions for cabon capturing concepts.

Our promises
Application of technologies that will not
downgrade or mix resources.
Wastewater treatment is optimized for
the production of valuable products.

All outlets are valuable and this will be
recognized by market and society.

Our promises
Improve the quality of ecosystems with
a positive impact on biodiversity.
Taking full responsibility to minimize
impact of the city on receiving waters.

Continuous exploration for finding
ocassions for water reuse from effluent.



http://www.aarhusvand.dk/cases/spildevand/marselisborg-renseanlaeg
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SUSTAINABILITY — UNSDG AS A STARTING POINT eI UTILITIES

Aarh
aarhusvand ReWater

Aarhus Vand have put focus on four SDG’s Aarhus ReWater introduce four extra SDG's as a

driver for the facilities

= Wastewater

Goal 6: Clean water and sanitation ; Goal 4: Quality education
Ensure availability and sustainable management of water and Ensure inclusive and equitable quality education and promote lifelong
sanitation for all learning opportunities for all

13 osis

Goal 11: Sustainable cities and communities Goal 12: Responsible consumption and
Make cities and human settlements inclusive, safe, resilient and production
sustainable

7 PARTNERSKABER
IR HAN DLING

Ensure sustainable consumption and production patterns

Goal 13: Climate action Goal 14: Life below water
Take urgent action to combat climate change and its impacts Conserve and sustainably use the oceans, seas and marine resources

Goal 17: Partnerships for the goals Goal 15: Life on land
Revitalize the global partnership for sustainable development Sustainably manage forests, combat desertification, halt and reverse
land degradation, halt biodiversity loss

Clean water




INNOVATION CHALLENGES i

Innovation challenge #1 /
"How do we take advantage of the central location in
Aarhus and the site-specific potential of Tangkrogen?" /

Innovation challenge #2-5

“How do we increase the plant’s performance
by developing and utilizing ‘state-of-the-art’
technology?”

Innovation challenge #15
"How do we ensure that Marselisborg ReWater becomes
a good neighbour by opening up and sharing?”

Innovation challenge #6-8

“How are the resources from the sewage
and the residual sludge extracted by state of
the art technology?"

Innovation challenge #14

"How can Marselisborg ReWater both as a
plant and as a visitor center become a place for
water wisdom, where the water cycle is being
explored, sensed and understood?”

Innovation challenge #9

"How to develop a fully automated
wastewater treatment plant, where no
people are in contact with dirty and
dangerous material?”

Innovation challenge #13

"How can Marselisborg ReWater strengthen the
Danish water cluster internationally, and which
regional synergies with the food and ICT cluster in
Business Region Aarhus exist?"

Innovation challenge #10

"How can Aarhus Vand increase its
revenues through symbioses and new
business areas?"

Innovation challenge #12
"How can Aarhus Vand attract external capital
and co-owners?"

Innovation challenge #11
"How can we optimize solutions and
cooperation in order to minimize waste
and compromise with quality?”

Technology specific Define specific project goals

Non-technology specific
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SETTING GOALS BEFORE SELECTING TECHNOLOGIES e Imernationsl \TILITIES

UM-5DM3 LUNSDHG Inmowvation ReWater specific project goals
sub-goal Challenges, AAV
ReWater

CLIMATE #13.2 #4 How do we Operation phase:
13 ACTION Integrate climate change |achieve energy #4.1: Energy neutral
measures into national and C0, neutrality |Marselisborg catchment (=00 %
9 policies, strategies and inthe water cycle |Netenergy for ReWater).
planning throughout Operational phase.
Marselisborg's #3.2: CO2 neutral Marselisborg

catchment? catchment (=00 % net CO2 for
ReWater). Operational phase.

IMPROVEMENT
INITIATIVES

EVALUATION

hecharical Tertlzry
pretreatment purfication
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FROM SINGLE TECHNOLOGIES TO CONCEPTS

BAT-catalogue

RAW WASTEWATER

Resource recovery Treatment

............... )
Treatment
--------------- >
Treatment
4. SECONDARY TREATMENT
F Screening of
technologies
in isolated
Treatment groups
--------------- >
TREATED WATER
o A o & A o
[ | [ |
A" PO
® HO e RO
¢ A O o A o
O [ |
ABSA A5 0,
@ EO ® O

Building of
concepts
with selected
technologies
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Assessment
of different
concepts for
WRRF
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the international
water association

LIFE CYCLE ASSESSMENT (LCA)

 Holistic and standardised method for assessing the environmental loa
throughout the entire lifetime of a product / technology / system

 Decision supporting tool

Characterization

[ Assembly

[ Uifecydle

g Disposal scenario|
[ Disassembly

[ Reuse

[ Material

[ Energy

[ Transport

[ Processing

[ Use

o Waste scenario
u] Waste treatment

=] [Climate change (kg CO2 eq)

S% Gl YR

CAS-TOTAL-CONCE|
PT

0,312 kg CO2 eqff]

. . 1m3 1m3 1m3
Raw material Manufacturing casoa- cas-3-sluge a6
5 secondary treatment -TOTAL quaternary
extraction treatment -TOTAL treatment -TOTAL
10,394 kg CO2 eq[] 0236 kg CO2 e(@ l0.0752 kg co2 e[
P 1m3 1m3 1m3 1m3 1m3 1m3 1m3 1m3
P cAs-2- cAs-2- cAs-2- CAS - 3 - sludge CAS - 3 - sludge CAS - 3 - sludge CAS-6- CAS-6-
Ed d secondary secondary secondary treatment - treatment - treatment - quaternary quaternary
A treatment - treatment - 8-tank treatment - 9- N20| 7-digestion 9-sludge 92-biogas CHP unit] treatment - treatment -
V V |0,0398 kg co2 e[F] 10,035 kg CO2 eq[] 0,289 kg 02 eq 00939 kg cO2 |-0.00483 kg Co2[A] 0,148 kg c02 e@] 10,036 kg 02 eq[H] 10,0356 kg CO2 eff]
: : Distribution
DI SpOS a'/RecyC| lng 0,522 MJ 0,0106 kg -0,185 m3 0926 M) 112 kg 1,63 M) 0,926 MJ 0,297 MJ 0,003 kg
energy infrastructure-steel *biogas sheat sludlge-pyrolysis energy sheat energy GAC
consumption on-sps consumption
icfor sludge

10.0398 kg €02 e 10,0220 kg €02 ] 0081 kg coz e ] 00238 kg CO2 & 00227 kg €O 0124 kg CO2 e 00238 kg CO2 & [0.0227 kg cO2 e[F] 10.0238 kg €02 efF]
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0 Electricity, high Reinforcing steel Biogas (CH| market] Heat, district or energy Electricity, high Heat, district or Electricity, high Activated carbon,
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Use voltage {DK}|
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MULTICRITERIA ANALYSIS (MCA) wator associaton UTILITIES

» Concepts evaluated by MCA,

. . . . . Criteria Mormalized Weight Result =
including criteria on: score Weight x
. . L (0-1) (%) Mormalized score
* Environmental sustainability (LCA) Concept TEC T TE TG S I
« Economical sustainability (TOTEX) e
- Social sustainability diocharge fimite
® T 1 1 Eutrophicati
+ more technical criteria cotertial
Depletion of
resources
Climate change
« Next phase will focus on: recovery
potential
« Green areas Fonomy
Wetlands Complexity
. . Adaptability,
» Covered plant with vegetation on the Medularization,
and Flexibility
roof Tota

* Health and safety
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BREEAM CERTIFICATION water acsociation UTILITIES

* A holistic sustainability assessment framework, measuring
sustainable value in 8 categories and validating this
performance with third-party certification

BREEAM

« ~250 criteria to be evaluated

‘ = TECHNICAL MANUAL - SD6053
. QUAL BREEAM Infrastructure:
delivered by bre

Projects

Potential International | Version 6
Score Still | Evidence Required to achieve Potential Score
to Come

) - Evidence for scores awarded or reason for
Section Titles & Criteria scoping out

Thle ?roject team has actively considerled the + AAV and HLA framework with SD@

principles of sustainable development in the « Material from workmestning 01 35
planning, design, and construction of the project.

The project team has actively adopted a

sustainability-driven approach to the development 11
of the construction management plan for the

project

The selection process for (i) the principal Designer,

(i) the principal Contracter, and (jii) the key 12
sub-contractor(s) included past environmental and

social performance as one of the evaluation criteria.



m CLIMATE
SMART

SUSTAINABILITY (LANDS CA PE) wator associaton UTILITIES

Goal 14: Life below water

Conserve and sustainably use the oceans, seas and marine
resources

Goal 14.5: Protect coastal and ses sreas
By SR a1 1 o o o AR A0 A M 0T A

== Goal 4.
make the oceans bealthier

Goul 34.2: Protect and restore ses ecosystems
oy et earve badveres
Scas et gacn, siap y Snayhnng Sul resbance s et e oot o pTean sl alimd Covoep g S 20 B b Lot




SUMMARY + WAY FORWARD IN REWATER

Utilities set focus on sustainability upfront

Work systematic and holistic with sustainability during project
execution:

« Spenttime on setting specific project goals (ambitious but realistic)

* Acknowledge the iterative process selecting technologies fulfilling the
specific project goals
« Use a multicriteria analysis for evaluating concepts (LCA, TOTEX etc.)

Consider certification scheme like BREEAM
Resource recovery

Aarhus ReWater: next design phase still full focus on
sustainability, iInnovation and resource recovery
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Jacob Kragh Andersen ACKNOWLEDGMENTS:
Head of R&D, Sustainability (wastewater)
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WHITE PAPER: GREENHOUSE GAS EMISSIONS AND IWA e
WATER RESOURCE RECOVERY FACILITIES werssssien. UTILITIES

International Water Association The Source IWA Connect Plus IWA Publishing f ¥ © in

m ABOUT US + AGENDAS EVENTS COMMUNITIES AWARDS LEARNING BLOG MEDIA RESOURCES MEMBERSHIP Q

Select Language ~

SEPTEMBER 25, 2023 1WA Climate Change |l Environment |

Climate Smart Utilities: Greenhouse
Gas Emissions and Water Resource
Recovery Facilities

IWA is pleased to present a new short guide on Greenhouse Gas Emissions and Water Resource Recovery

& DOWNLOAD PUBLICATION

Facilities produced by the IWA Climate Smart Utilities GHG sub-group.

As humanity faces the looming challenges of global heating and irreversible tipping points such as increasingly
frequent and record-breaking heatwaves and flooding, it is crucial for the water sector to accurately establish
baselines and effectively reduce its greenhouse gas emissions (GHG). These actions are integral to global efforts

aimed at achieving the critical objective of limiting global warming to within 1.5 degrees Celsius above pre-

Download at https://iwa-network.org/publications/greenhouse-gas-emissions-and-wwrfs/



https://iwa-network.org/publications/greenhouse-gas-emissions-and-wwrfs/
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*With thanks to contributors:

Eoghan Clifford, University of Galway, Ireland

Conall Holohan, NVP Energy, Ireland

Alexis de Kerchove, Xylem, Sweden

Amanda Lake, Jacobs, United Kingdom

Daniel Nolasco, Nolasco y Asociados Consulting, Argentina
Martin Srb, Prazské Vodovody a Kanalizace, Czech Republic
Corinne Trommsdorff, French Solid Waste Partnership, France
Liu Ye, University of Queensland, Australia

][WA Secretariat team

Benedetta Sala, Brenda Ampomah, and Charles Joseph
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Scope 3: Indirect emissions upstream

tq. Purchase

Scope 2
INDIRECT

Co

Scope 1
DIRECT

Scope 3
INDIRECT
B == =
220
=5l ose¢ ;%
Scope 1: Direct Emissions

Eqg. Process emissions of nitrous oxide and
2d goods ervices incl. treatment methane, methane emissions from sewers
'm WRRFs, GHG emissions from utility vehicles.

Refrigerants, on-site sludge storage and
management, on-site residuals and biogas

processing incl. on-site storage.

0 HFCs PFCs

Scope 3
INDIRECT

Scope 3: Indirect emissions downstream

Eg ff {e man tofs 2 and residuals

Upstream activities Reporting company Downstream activities
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CLIMATE SMART UTILITY-BERGEN WATER

= Bergen Water - International Water
Association (iwa-network.orq)

[—__ | N
| T 1

Carbon footprint 1

Product System Water
Treatment

=== [
A==
......................................................... s

Carbon footprint 4

Product System for Sewage
Treatment

Product Value Chain

Climate & Energy

i il

Carbon footprint 2

Froduct System Water
Distribution

Carbon footprint 5

Product System for Biogas

Productian

CLIMATE

WA

waier acsociation UTILITIES

Carbon footprint 3

Product Systermn for Sewage

Collection

L - -
TERATHON AMD MAINTAMAMCE OF EXISTING
FRASTRUCTURE U

&T‘Q\

S e S

Processes

Climate & Energy



https://iwa-network.org/climatesmartstory-bergen-water/
https://iwa-network.org/climatesmartstory-bergen-water/
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Potential avoided emissions (ton

| I |}
| I }
| I ]
Scope 1 (ton CO2 equivalent) : Scope 2 (ton CO2 equivalent) : Scope 3 (ton CO2 equivalent) ! CO2 equivalent)
8000 | ! !
7000 i E i
6000 } i i
5000 i i E
4000 i i |
5 3000 | ! |
- | | ]
S 2000 l I I
3 : : |
8 1000 | | I
| I 1
g 0 | I l
O | | :
g -1000 | I |
3 | | |
-2000 lr : :
o | 5 —
-4000 i i |
| W Utlisedwaste : ! m Sludge directagriculturaluse
B Nitrous oxide from treatment processes I B Aux transport : B Sludge for indirect agricufturaluse : w Afforestation for groundwater protection
B Methane fromleakage : B Aux heat consumption ! . |
- B Consumables andresidua B Heatsold
B Methane fromireatment processes W Aux electricity consump. products . )
m Energy consump. wastewaertreatment Electricity sold
B Energy consump. wastewaertranspon
1 Energy consump. water production
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Carbon Tunnel Vision
Biodiversity loss Eutrophication Water crisis
Worldviews Poverty Gender
Ecotoxicity Health Education

uopysues| Ayjqeueisng

Resource Scarcity

) Overconsumption
Air pollutants Inequality

Affordable goods

& services
Growth Dependencies

Figure 5: Risks of Carbon Tunnel Vision - adapted from figure by Jan Konietzko (Cognizant, 2021)
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*https://www.stockholmresilience.
org/research/planetary-
boundaries.html

INTEGRITY

CLIMATE CHANGE

STRATOSPHERIC OZONE
DEPLETION

ATMOSPHERIC
AEROSOL
LOADING

LAND-SYSTEM
CHANGE

Freshwater use
(Blue water)

OCEAN
ACIDIFICATION
FRESHWATER CHANGE

BIOGEOCHEMICAL
FLOWS



https://www.stockholmresilience.org/research/planetary-boundaries.html
https://www.stockholmresilience.org/research/planetary-boundaries.html
https://www.stockholmresilience.org/research/planetary-boundaries.html
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Quantification and Monitoring, Modelling and
S e Modelling of Fugitive Mitigating Nitrous Oxide
Gre.enl.wuse bas Greenhouse Gas i ko Saittiors
Emissions and Water Zdar Emissions from Urban

e 18 May 2022 | 11:00 BST
Resource Recovery o Water Systems " i B
FaCIIItleS > ‘ ‘/ 4 Edited by Liu Ye, Jose Porro and Ingmar Nopens

Monitoring and mitigating nitrous
oxide: Danish lessons for global action
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UPCOMING IWA WEBINARS & EVENTS e 71117 1ES
1WA

WEBINAR

1WA

the internatienal

MEETING

Digital Water Horizons:
031D iy m'_uténéwdivh qth e - N ext Wave . O-fw Pl b o et 1) (48 O W7D @D
Innovation

Insights from Experience:

Elevating Utilities through the
New IBNET Data Partnership

2o 2 November 2023

19 OCTOBER 2023 In partnership with: 0
%) 12:00-13:30 UK Time

EEE 13.00-14:00 BST

#" Intelligent Utilities
REGISTER NOW - I TR REGISTER NOW
www.iwa-network.org/webinars @ WORLD BANKGROUP www.iwa-network.org/webinars
Water

Learn more about future online events at
http://www.iwa-network.ora/iwa-learn/



http://www.iwa-network.org/iwa-learn/

m CLIMATE
SMART

PHD OPPORTUNITY Wator sseociaton UTILITIES

= |[HE Delft Institute for Water Education (and the University of Amsterdam) is
offering a fully funded 4-year position in the field of Financing Climate-
Resilient Water Utilities.

= The PhD project on will focuses on the ability of water utilities to become
climate resilient.

= Nakuru Water and Sanitation Services Company (NAWASSCO) and the
Addis Ababa Water and Sewerage Authority (AAWSA)

= The Application Deadline: 1 November 2023.

= For more information https://join.un-ihe.org/vacancy-publication/phd-
candidate-in-financing-climate-resilient-water-utilities



https://join.un-ihe.org/vacancy-publication/phd-candidate-in-financing-climate-resilient-water-utilities
https://join.un-ihe.org/vacancy-publication/phd-candidate-in-financing-climate-resilient-water-utilities
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JOIN OUR NETWORK OF WATER PROFESSIONALS! m i

water assoc iaton UTILITIES

IWA brings professionals from many disciplines together to accelerate the science,
innovation and practice that can make a difference in addressing water challenges.

Use code WEB23RECRUIT

for a 20% discount off
new membership.

Join before 31 December 2023 at:
WWW.IWa-connect.org

inspiring change


https://iwa-connect.org/subscribe/explore-subscriptions
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http://www.iwa-network.org/iwa-learn/
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