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WEBINAR INFORMATION

▪ 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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WEBINAR INFORMATION

▪ ‘Chat’ box: please 

use this for general 

requests and for 

interactive activities.

▪ ‘Q&A’ box: please use 

this to send questions 

to the panelists.

Please Note: Attendees’ microphones are muted. We cannot respond to ‘Raise Hand’.

(We will answer these during the 

discussions and in post-webinar 

materials.)
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AGENDA
▪ Welcome, introductions and overview of series

Amanda Lake, Jacobs, (Moderator)

▪ LCA in wastewater treatment

Eoghan Clifford, University of Galway

Q&A

▪ LCA in energy and resource recovery upgrades, VARGA project 

Maria Faragó, Rambøll

Q&A

▪ Case study – Sustainability as a driver for Aarhus ReWater

Jacob Kragh Andersen, Envidan / Inge Halkjær Jensen, Aarhus Vand

Q&A

▪ Introduction to the GHG white paper

Amanda Lake, Jacobs, (Moderator)

▪ Closing remarks (Encouragement to engage)
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MODERATORS & PANELISTS

Jacob Kragh Andersen

Envidan

Denmark

Maria Faragó

Rambøll

Denmark

Amanda Lake

Jacobs

United Kingdom

Eoghan Clifford

University of Gallway

Ireland

Inge H. Jenson

Aarhus Vand

Denmark
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OUR 2023 SERIES



LCA in wastewater treatment – an 

example in aeration

EOGHAN CLIFFORD, UNIVERSITY OF GALWAY
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BACKGROUND

▪ Head of Civil Engineering in University of Galway

▪ Technical advisor to Vortech Water Solutions (spin-

out from our research group)

▪ Process engineering in water and wastewater

▪ Academic and industry background

▪ Fundamental to applied (almost full-scale) research
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LIFE CYCLE ASSESSMENT

Life cycle assessment

“A compilation and 
evaluation of the inputs 

and outputs and the 
potential environmental 

impacts of a product 
system throughout its life 

cycle.”

ISO 14040

Resources

Processing

ManufacturingDistribution

Use

End of 
life

Life cycle 
assessment
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LIFE CYCLE ASSESSMENT

INPUTS OUTPUTS

▪ Life cycle assessment model

▪ Model boundary

Cradle to 
grave

Cradle to 
consumer

Cradle to 
gate

▪ Functional 

unit

Impacts per….

• 1 500 mL water bottle
• 1 km driven
• 1 kg O2 entrained

process

product

Impacts
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DRIVERS FOR LIFE CYCLE ASSESSMENT

▪ Academic:

− Holistic measurement of overall system/product impacts

− 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
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CHALLENGES WITH LIFE CYCLE ASSESSMENT

▪ BUT:

Fair
comparisons

DataExpertise?

Messy / 
complex

This  Photo by Unknown Author i s licensed under CC BY

https://nacnudus.github.io/duncangarmonsway/posts/2019-02-22-rebel-bayes-day-5
https://creativecommons.org/licenses/by/3.0/
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THIS STUDY

▪ Aeration a key component in wastewater 

treatment

− Underpins most biochemical processes

− Key for process control

− Major energy consumer

− Impacts wider WWTP emissions (e.g. N2O)

▪ This study:

− Part of an industry / academic collaboration

− Developed LCA for an aeration product installed at a 

large WWTP

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

• Raw 
materials

• Supporting 
infrastructure

Raw materials

• Ship 
freight

• Truck

• Rail

Transport to 
production 

facility

• Electricity, 
heat

• Welding 
materials

• Factory 
buildings

Manufacture 
and 

manufacture 
infrastructure

• Pumps

• Piping

• Valves

Off the shelf 
components • Shipping

• Truck

Transport to 
installation 

site

• Installation 
equipment 
(e.g. cranes)

• Electricity for 
installation

Installation & 
Maintenance • Electricity 

over typical 
lifecycle

• Equipment 
replacement 
& associated 
materials

Operation

• Material 
disposal

• Material 
recycling

End of life
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MODEL BOUNDARY 

• Raw 
materials

• Supporting 
infrastructure

Raw materials

• Ship 
freight

• Truck

• Rail

Transport to 
production 

facility

• Electricity, 
heat

• Welding 
materials

• Factory 
buildings

Manufacture 
and 

manufacture 
infrastructure

• Pumps

• Piping
• Valves

Off the shelf 
components • Shipping

• Truck

Transport to 
installation 

site

• Installation 
equipment 
(e.g. cranes)

• Electricity for 
installation

Installation & 
Maintenance • Electricity 

over typical 
lifecycle

• Equipment 
replacement 
& associated 
materials

Operation

• Material 
disposal

• Material 
recycling

End of life

Full product lifecycle analysis

Included for life 
cycle impacts

Excluded (likely 
negligible)

Included (with “embodied 
impacts”) for life cycle model

Modelled for “embodied” 
product impacts
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DATA, FUNCTIONAL UNIT & METHODOLOGY

Inventory data: Infrastructure, electricity 
grid carbon intensity & raw materials

Bespoke data: Bill of materials, data from 
equivalent sites relating to oxygen transfer 
etc.

Mixed sources: Transport (inventory + 
shipping route date), material properties

Data inputs and model results cross-checked using other sources as much as possible

Functional units:
1 kg O2 entrained in wastewater for a 
system operating for 40 years

1 aeration product (to gate & operated 
over 40 years) treating for 200,000 PE

Methodology: EN15804 + A2 revision 
which covers Environmental Product 
Declarations of construction products (incl. 
use of CFF Annex C v2.1 – 2020).
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RESULTS – CONTRUBITION OF IMPACT CATEGORIES TO 

OVERALL

▪ Overall life cycle impacts (40 year life cycle & 1 year life cycle)

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

Resource use, fossils

Climate change

Ionising radiation

Ecotoxicity, freshwater

Acidification

Resource use, minerals and metals

Eutrophication, freshwater

Photochemical ozone formation

Particulate matter

Eutrophication, terrestrial

Eutrophication, marine

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

* Impact categories contributing less than 1% of total not shown

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

Resource use, fossils

Climate change

Ionising radiation

Ecotoxicity, freshwater

Acidification

Resource use, minerals and metals

Eutrophication, freshwater

Photochemical ozone formation

Particulate matter

Eutrophication, terrestrial

Eutrophication, marine

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

Very similar 
results regardless 
of product life 
cycle!
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RESULTS – EMBODIED IMPACTS (CRADLE TO GATE)

* Impact categories 
contributing less than 5% 
of total not shown

▪ Impacts related to product manufacture and end of life

0%

20%

40%

60%

80%

100%

Climate
change

Resource
use, fossils

Ecotoxicity,
freshwater

Resource
use,

minerals
and metals

Particulate
matter

Human
toxicity,
cancer

Acidification

Raw material extraction
Materials for manufacture with recycled steel input
Steel transort to fabricator
Manufacture / fabrication
Ancilliary equipment

Product fabrication a key 
contributor 

Steel production (key 
“offsets” due to 
recyclability at EOL)

Transport generally not 
significant (except 
acidification)

Very little data on “off the 
shelf” products
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RESULTS – EMBODIED VS OPERATIONAL IMPACTS

▪ Contribution of each product stage to various impact categories

0% 20% 40% 60% 80% 100%

Raw material extraction

Operation & maintenance

Steel transport to fabricator

Manufacture/ fabrication

Ancilliary equipment

Transport to site

Operation & maintenance

End of life

% each product stage to overall climate change and 
acidification impacts

Acidification

Climate Change

Operation accounts for 
virtually all impacts 

Embodied 
impacts

Electricity mix is a key 
input variable

Oxygen requirements and 
transfer efficiency key 
input variables
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RESULTS – FOCUS FOR IMPROVEMENT

Analysis Stage Importance Data accuracy Improvements

Raw material extraction
Low impact – inventory data only 
used

Materials for manufacture with 
recycled steel input

More bespoke data from steel 
forming

Steel transport to fabricator
Low impact and likely relatively 
accurate

Manufacture/fabrication More be-spoke data would help

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

Transport to client
Low impact and likely relatively 
accurate

Operation / maintenance
High importance. Model future 
grid carbon intensity.

End of life Improve data around recycling
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CONCLUSIONS

▪ Utilities

Technology selection must favour efficient/flexible operation

Impact (& cost) modelling must be based on equivalent SITE data (not clean water!)

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

▪ Industry

Full impact analysis will be necessary (when, to what extent?)

Can and should drive innovation and efficiency

▪ Challenges

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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THANK YOU!

Eoghan Clifford

Professor, Head of Discipline of Civil Engineering

University of Galway, Ireland
eoghan.clifford@universityofgalway.ie
www.universityofgalway.ie

ACKNOWLEDGMENTS:
FUNDERS, INDUSTRY PARTNERS AND PROJECT TEAM

mailto:eoghan.clifford@universityofgalway.ie
http://www.universityofgalway.ie/


LCA in energy and resource recovery 

upgrades, VARGA project

MARIA FARAGÓ, LCA & SUSTAINABILITY SPECIALIST AT RAMBØLL
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ABOUT ME

2

4

2013; 2015

2017

2017-2019

2019-2022

Oct. 2022 -
present

BSc & MSc in Environmental & Land Planning Engineering 

Planning and management of natural resources

MSc in Environmental Engineering,

Urban Water Systems management & 

LCA/Sustainability assessment

Research Assistant & member of the Innovation team at

DTU Environment

PhD Fellow at DTU Environment

LCA and Water 

Sustainability Specialist
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TRANSITIONING TO WATER RESOURCE RECOVERY 

FACILITIES

25

CH4

N2O

A CIRCULAR plant is not necessarily a SUSTAINABLE plant 
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ENVIRONMENTAL IMPACT ASSESSMENT:  

LIFE CYCLE ASSESSMENT

Cradle to grave approach: Inventory of materials’ consumption and emissions along the life 

cycle of the system

Material 

generation

Construction/

Installation

Operation/

Maintenance

Dismantling/

Disposal

Energy, 
Chemicals

Excavation, 
backfilling

Concrete, 

steel, gravel, 

HDPE

Recycling, 
Incineration

To air: e.g. 
CO2, CH4, N2O

To waterTo soil

Emissions to the 
environment

Transportation

Co-products
Co-products
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FROM CARBON FOOTPRINT TO A BROADER RANGE OF 

ENVIRONMENTAL INDICATORS

2

7

CO2-eq

Cannot be used as a single 

indicator to track the  

environmental performance 

of WRRFs

Source: https://www.rivm.nl/en /lif e-cycle-assessment-lc a/recipe
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Life cycle
assessment

Trade-offs and 
burden-shifting

CARBON TUNNEL VISION
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Paper III

2

9

Paper I

Paper II

Paper IV
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• How can life cycle assessment (LCA) support 

decision-makers in selecting wastewater

treatment and resource recovery

technologies?

30



31

RETROFITTING AN EXISTING WWTP TO WRRF

Waste 
management

Sludge line Water line

/ash2phos

Foreground 

system

E

D C

A

B

Building 
construction

Land use 
management

Waste 
management

Natural 
gas

Electricity
& heat 

Energy 
management

Raw materialsChemicals

Background system

▪ Water line: real-time measurement & 
control of N2O, pre-filtration, anammox

▪ Sludge line: biogas upgrading + P2H

▪ Waste management: P, sand and 
chemicals recovery from sludge ashes

Avedøre

▪ Capacity of 400,000 PE

▪ Energy recovery plant

▪ Exporting biogas, heat

2025
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Resource use – minerals and metalsCarbon footprint

LCA OF RETROFITTING AVEDØRE WWTP TO A WRRF 

Source: Faragò, M., Damgaard, A., Madsen, J. A., Andersen, J. K., Thornberg, D., Andersen, M. H., & 

Rygaard, M. (2021). From w astewater treatment to w ater resource recovery: Environmental and economic 

impacts of full-scale implementation. Water Research, 204, 117554.

Hydrogen production
+ CO2 from anaerobic digestion→ more biomethane

Phosphorus recovery from sludge 

ashes → MCP production
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ECONOMIC IMPACTS AND CO2-ABATEMENT 

COSTS

▪ 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 CO2-eq emissions did not significantly decrease the TVA in RF-Baseline suggesting that the current CO2-eq allowance price is either 

too low or that wastewater operator should take further actions to reduce emissions. 

2€/ton CO2-eq avoided

222-675 €/ton CO2-eq avoided

273-641 €/ton CO2-eq avoided

[FU: 1 m3 wastewater inlet]
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CONCLUSIONS

In general, retrofitting the existing Avedøre 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 N2O did not significantly decrease the economic value and 
was most effective to reduce direct GHG emissions (up to 40%).
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THANK YOU!

Maria Faragó
LCA & Water Sustainability Specialist, Rambøll Water

https://www.linkedin.com/in/mariafarago/
mfar@ramboll.dk, +45 5161 4130

ACKNOWLEDGMENTS:
SPECIAL THANKS GO TO ALL THE PROJECT PARTNERS AND THE 
DANISH ENVIRONMENTAL PROTECTION AGENCY FOR 
FUNDING THE VARGA PROJECT

Thanks to Rambøll for funding the time spent at the webinar and the 

preparation

mailto:mfar@ramboll.dk


Case study – Sustainability as a driver 

for Aarhus ReWater 

JACOB KRAGH ANDERSEN, ENVIDAN / INGE HALKJÆR JENSEN, AARHUS VAND
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REWATER PROSPECTUS

• New WRRF by 2028 - capacity 480.000 -> 600.000PE

• Three old WWTPs will be decommissioned

• Huge focus on resource recovery, sustainability and innovation
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REWATER: PROJECT ORGANISATION

+

+
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GUIDING STARS – TOWARDS 2060

The Big Why?

Global heating is accellerating. We will 

reach a global tipping point within this 

decade unless green house gas 

emissions will be reduced and/or 

mitigated. Its already now so visible 

and if it’s not part, then this facility is 

not part of the future, we all need to do 

something.

The Big Why!

Earth is running out of stock. We use 

more resources than the planet can re-

produce and with a growing global 

population. We have to ”refuse, reduce, 

reuse, recycle and recover” rather than 

using virgin materials. There shouldn’t 

be waste, but only valuable resources.

The Big Why?

Ecosystems are deteriorating due to the 

influence of human activities, there is 

an increasing scarcity of natural 

resources and the pressure on 

freshwater supply is increasing. Water 

is the most valuable resource on earth. 

We have to recognize all diverse 

benefits provided by water.

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
- 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
- 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.

Scenario: Stay Cool Scenario: Resourceful Scenario: Valuing Water

Photos: WWW.aarhusvand.dk/cases/spildevand/marselisborg-renseanlaeg

http://www.aarhusvand.dk/cases/spildevand/marselisborg-renseanlaeg
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SUSTAINABILITY – UNSDG AS A STARTING POINT
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INNOVATION CHALLENGES
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SETTING GOALS BEFORE SELECTING TECHNOLOGIES
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FROM SINGLE TECHNOLOGIES TO CONCEPTS

BAT-catalogue
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LIFE CYCLE ASSESSMENT (LCA)

• Holistic and standardised method for assessing the environmental load 

throughout the entire lifetime of a product / technology / system

• Decision supporting tool
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MULTICRITERIA ANALYSIS (MCA)

• Concepts evaluated by MCA, 

including criteria on:

• Environmental sustainability (LCA)

• Economical sustainability (TOTEX)

• Social sustainability

• + more technical criteria

• Next phase will focus on:

• Green areas

• Wetlands

• Covered plant with vegetation on the 

roof

• Health and safety
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BREEAM CERTIFICATION

• A holistic sustainability assessment framework, measuring 

sustainable value in 8 categories and validating this 

performance with third-party certification

• ~250 criteria to be evaluated
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SUSTAINABILITY (LANDSCAPE)
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SUMMARY + WAY FORWARD IN REWATER

• Utilities set focus on sustainability upfront

• Work systematic and holistic with sustainability during project 

execution:

• Spent time 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, innovation and resource recovery
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THANK YOU!

Jacob Kragh Andersen
Head of R&D, Sustainability (wastewater)
Envidan

+45 4212 5479

jka@envidan,dk

www.envidan.dk

ACKNOWLEDGMENTS:
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WHITE PAPER: GREENHOUSE GAS EMISSIONS AND 

WATER RESOURCE RECOVERY FACILITIES

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 HUGE THANKS TO CONTRIBUTORS!

•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, Pražské Vodovody a Kanalizace, Czech Republic

Corinne Trommsdorff, French Solid Waste Partnership, France

Liu Ye, University of Queensland, Australia

•IWA Secretariat team

Benedetta Sala, Brenda Ampomah, and Charles Joseph
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CLIMATE SMART UTILITY-BERGEN WATER

▪ Bergen Water - International Water 

Association (iwa-network.org)

https://iwa-network.org/climatesmartstory-bergen-water/
https://iwa-network.org/climatesmartstory-bergen-water/
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CLIMATE SMART UTILITY-AARHUS VAND
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FROM PROCESS EMISSIONS TO PLANETARY 

BOUNDARIES

•https://www.stockholmresilience.

org/research/planetary-

boundaries.html

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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THANK YOU FOR YOUR CLIMATE ACTION TODAY
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UPCOMING IWA WEBINARS & EVENTS 

Learn more about future online events at

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

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

▪ IHE 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!

inspiring change

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 

https://iwa-connect.org/subscribe/explore-subscriptions


Learn more at

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

شكرآ

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