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* Increase relevance of water-related
educationtothe real world issues

* Promote research-based education

* Support collaboration between academia
and industry, facilitate knowledge transfer
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How can we work together?

U Norwegian University of University of Calgary
Life Sciences
B The University of Calgary is a public research
M One of eight universities in Norway and the university. This university consistently ranks

Columbia University

Columbia University is one of the world's
most important centers of research and at
the same time a distinctive and distinguished
!

leading producer of Master level graduates in among the top ten in Canada based on a for d

Water and Wastewater technologies. NMBU variety of criteria and is consistently ranked
has long traditions in intemational project top 200 in the world by various intemational
collaborations including Horizon 2020, EU ranking tables

FP7, Erasmus+ and other European programs

[re— graduate students in many scholarly and

professional fields
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Project Methodology — Living Lab

COMPANIES

Living Labs refer to user-centred, open

innovation ecosystems based on a systematic user co- PUSLIC S
creation approach integrating research and innovation

processes in real life communities and settings

RESEARCHERS

1. Practice-driven The Living Lab Methodology Handbook

2. Facilitate and foster open, collaborative innovation

3. Real-life environments, where both open innovation
and user innovation processes, can be studied and subject
to experiments

User + Open Innovation + Real Environment
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Living Lab Principles

Living labs are designed to
generate concrete, tangible
innovations based on user and

community contributions, and at

. VALUE
the same time to advance INFLUENCE
(academic) understanding of SUSTAINABILITY
open and user innovation OPENNESS

o REALISM
principles and processes

The Living Lab Methodology Handbook
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Living Lab Key Components

FACILITATE
new ways of cooperatingand

The Living Lab co-creatingnew innovations

Methodology Handbook

PARTNERS & USER®

to the collective, helping to

REFLECTION achieve boundary spanning
resultin contributions to knowledge transfer

boththeoryand practice
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Living Lab Experience

Living lab insights have been used to

Initial product is aborted but The product
a new product idea is available in
roadmap is initiated. the market.

Reboot

12%

Product development is The product is still under
discontinued or will not go development but expected
to market in its current form. 10 go to market soon. ENoLL

ENoLL has recognised nearly 400 living labs from around the

world maintained by municipalities, universities, regions and
companies acting also as the development and piloting partners
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Concept Prototype

Hlesai: design design

Pre-launch Launch...
“Seed Project”
CONCEPT DESIGN to Prototype Design

Design G pts) Appreciate Opportunities

The Living Lab
Methodology Handbook

All based on:

1. Soft Systems Thinking
2. Appreciative Inquiry
3. Need Finding

PLANNING
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Baker Hughes

Columbia University of
University Calgary Blue Eden

Main partner institution
outside Norway (loN)

Network Partner

Main partner institution
in Norway (liN)

(Q-Dﬂ:‘gnWater
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Columbia University (CU) University of Calgary (UoC)

* Combined processes: EC- * Kinetics of the processand * Processcontroland
electroflotation and EC- mathematical modeling optimization considering:
electroflotation-AOP consideringsynergism of * Treatment efficiency
forremoval of dispersed oil/bitumen, coagulation, flotationand * Dewaterability of ECsludge
colorants, and heavy metals electrochemistry ¢ Plants availability of

« Enhancement of ECsludge ° Cell design and novel Phosphorusin EC
dewatering through rheometry electrode sludge
studies * Potential for

disinfection and
organic matter
removal
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How to operationalise?
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Face-to-face workshops with the industry

* Focusing onreal issues that matter

Oslo New York - Boston Calgary

Strengthening of master curricula in water resources managementfor the Western Balkans HEIs and stakeholders WWW.SWarm.ni.ac.rs
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Send students with “special missions”

* MSc thesis "Effects of electrochemical treatment of mixed liquor in submerged ceramic
membrane bioreactor", 2019

* MSc thesis "Electrocoagulation in wastewater treatment”, May 2020

Team landing in Norway Training in Calgary Hands-onin New York

Strengthening of master curricula in water resources management for the Western Balkans HEIs and stakeholders WWW.Swarm.ni.ac.rs
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Present own research to each other and to the public

* Finding joint interests and cross-cutting issues

Presentations at the 256 American Chemical Society National Meeting &

Multidisciplinary

Exposition, Boston, MA, USA, 2018 MULTIDISCIPLINARY . ff' .
crcwmes  Advances in Efficient
Prof. Harsha Ratnaweera, NMBU: "Competition between the hydrolysis-ph at PROCESSES Separation Processes
precipitation reactions in wastewater coagulation®
Dr. Zakhar Maletskyi, NMBU: "Fouling behavic f mically modified mixe Editor(s): lrimcvmnysnm‘__ o 1SBN13: 9780841237421
" " a el
: e R Sathish Ponnurangam? and Qingxia Liu® ISBN: 0780841238008

J HCNC IR Ve e Volume 1348 DOI: 10.1021/bk-2020-1348

Publication Date (Web): June 3, 2020

Dr. Sathish Ponnurangam, UoC: "Novel cc ting ysites f
¢ . Copyright 2020 American Chemical Society

sepa f t from brackish w
Dr. Irina Chernyshova, CU: *Tfi in oftt R first intermediste of 60! o= =5 ! Norwegian University of Science and Technology,

CHERNYSHOVA, Trondheim, Norway
. PONNURANGAM & LIU

s

2 University of Calgary, Calgary, Alberta, Canada
3 University of Alberta, Edmonton, Alberta, Canada

Sponsoring Divisions: ACS Division of Colloid and
Surface Chemistry (See All Technical Divisions)
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Compile a course from joint materials

* Knowledge and practices exchange between the labs

Industrial\Water Reclamation & Reuse
S s s A i Abo;: :|:= AECo Project
Appmac.h

Advancing Electrocoagulation for Water Safety and Circularity

[LIFSFNFS

Experts

1 Lecture handouts
* 1.1 Water-smart circular economy 7
* 1.2 Industrial wastewater treatment, recycling & reuse

* 1.3 Wastewater Treatment in Mineral Processing 35
* 1.4 Electrochemical process in water & wastewater treatment 43

2 Laboratory practicum

© 2.1Electrocoagulation as

© 2.2 Total Recyele Test for combined electrocoagulation 55
and membrane filtration

2.3 Rheological tests for el lati 67

Strengthening of mas riculain water resources management for the Western Balkans HEIs and stakeholders WWW.Swarm.ni.ac.rs
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Build a team
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S The seed project " 2]
SIU funding S
300000 NOKg Strenthen

partnership

Increased

* academic cooperation
* connectionsbetweenresearch and education
* collaboration with enterprises

* student mobility

Strengthening of master curricula in water resources management for the Western Balkans HEIs and stakeholders WWW.Swarm.ni.ac.rs
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Electrochemical methods
Applications = = — = PI
Electrocoagulation Electroadsorption Electrooxidation Electroflotation

Removal of organic
matter(natural
organic matter and
chemical oxygen

High rate, hard
degradable matter - NMBU
Electro-Fenton

Consolidation of organic
matter
Disinfection, log red

High rate, kinetics, and
regeneration ofads

demandin
wastewater)
Removal of Contaminants of
Contaminants of = Heavy metals Emerging Concern, Microplastics cu
Emerging Concern micropollutants
Oil-waterseparation High separation Higher rate,
efficiency, electricfield - - microemulsions with UoC
induced coalescence membranes
Group advantage Persistent Organic
Stabilized pH Pollutants .
R lable adsorbents . ) N d I
Lesssludge ecyclable adsorben In-situ H202 & reactive oneedairsupply
oxygen species
Class advantage Chemical-free, energy efficient, flexibility

Easyto combine andsynergy with traditionaltechnologies

Dswarm_~ - " iz [
— Project activities

)
g
X\
X
00
00
Core Activity > e oo
\@'b (sandpits)
oo proposals development Digital lab practicum
QQ Thesis work — team-based learning
O Resarch SRR erence s
onfterence session
,5\.\ B°°tcamp5. . partners
o MSc/PhD mobility
Qe
& INTPART Business and AECo
O . o
& consortium publicpartners CIOSS .border
P Living Lab
*Q:’ Living Lab/chambers
X
O
Subject priorities

Outputs ofthe seed project
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* Team-based learning — MSc projects

Electrochemical methods for:

Removal of organic

; Removal of Oil-water

pollutants: NOMin . .
DWT and COD in WWT micropollutants separations
go-:! oG ot Co-Plon EC: UoC micropollutants: CU

0-Pion . micropoliutants:
== Co-Pi on DW&WWT "
micropollutants: CU systems: NVBU Co-Pion DW&WWT

* systems: NMBU

Students:
1 MSc NMBU Mitacs ?2?
1 MSc UoC co-funding co-funding

Activity 2

Activity 3

Activity 1 MScproject 1A
NMBU Research Research

Team landing bootcamp 1 bootcamp 2
NMBU summerschool ‘ MSc project 1B UoC cu

UoC
Strengthening of master curricula in water resources manageiiiciivivi e vvestern Balkans HEIs and stakeholders WWW.Swarm.ni.ac.rs
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Con:ept Prototype

? . Pre-launch Launch...
detign design

Planning

“Seed Project”  INTPART project

PROTOTYPE DESIGN

Appreciate Opportunities

Cycle 2, phase 1
APPRECIATING OPPORTUNITIES

Design Prototypels)

The focus here is to find what needs users have. We want to find the basis
for the design of the systems interface, and its functionality. The overall pur-
pose is to collect sufficient, relevant, and proper data so that stable require-
ments can be produced. You already have a picture of the requirements, but
they need to be expanded, clarified and confirmed.

Cycle 2, phase 2
PROTOTYPE DESIGN

The aim is to move from concepts (or low-fidelity prototypes) to high-fidelity
prototypes with a focus on users identified needs throughout the whole pro-
cess. The main objective is to look beyond the immediate vision that comes
to mind and to do that with the users expressions in focus. Aim to come up
with different design solutions.

Cycle 2, phase 3
USABILITY EVALUATION

The focus is to encourage users to express their thoughts and attitudes
towards the innovation being developed.

PLANNING

Strengthening of mas or the Western Balkans HEIs and stakeholders WWW.Swarm.ni.ac.rs
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* INTPART —Programme for International Partnerships for Excellent Education,
Research and Innovation

» Advancing EleCtrochemical processes for water safety and circularity (AECo)
* Another 3 years: 2020-2024

o—@

300000 NOK 5800 000 NOK
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