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Status and further plans
Bjørn Hølaas, leader of steerco

KAN - Klimakur for Avfallsforbrenning 
(Climate cure for WtE in Norway)

Supported by;

Content



KAN 4

Statkraft Varme, Forus Energigjenvinning, BIR Avfallsenergi, 
Returkraft og Hafslund Oslo Ceslio are Norwegian WtE plants with 
CCUS projects and with several common challenges

Established an industrial cooperation in 2021 

KAN – Klimakur for Avfallsforbrenning i Norge

…to contribute to increased knowledge sharing and better solution 
for CCUS from WtE, thru increased cooperation.

KAN – Klimakur for Avfallsforbrenning i Norge 
(Climate cure for WtE in Norway)
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KAN 5

• Shared knowledge and experience from partners in KAN with input from 
Norsk Energi and COWI

• Is based on todays knowledge – ongoing development  

• Is meant as inspiration, a guide, and not a final recipe.

• Aviable on: www.kanco2.no. (Norwegian)

The handbook: CCS for WtE

Content
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Bygget i 2010
Avfallskapasitet 100.000 tonn 

per år. Fangstanlegg 
dimensjoneres for å fange av 

100.000 tonn CO2 per år

Dampproduksjon
40 bar / 400 °C
Total varmeproduksjon 275 GWh
Mottrykksturbin 50 GWhel

Fjernvarme
Årlig behov: 200 GWh

Avfallsvarme: 175 GWh
Spisslast: 25 GWh

«REFERANSA»

6KANfor

Constructed 2010
Waste capacity 100.000 ton/y. 

Max CO2 capture;100.000 ton/y

Steam production
40 bar / 400 °C
Total heat production  280 GWh
Back pressure turbine 50 GWhel

District heating
Demand: 200 GWh

Waste heat: 175 GWh
Peak load: 25 GWh

Developed a reference plant, KAN Referansa, for comparison
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CO2-capture technologies (post combustion)
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Absorption Adsorption

Membran Cryogenic distillation

Key takeaways

• Challenges and advantages 
• Energy demand(heat/electricity/cooling)
• Size/footprint
• Cost (Capex/Opex)
• Emission

• Several development projects with different 
maturity/TRL levels

• Absorption with amine solvent is currently the 
most mature technology WtE.

• Increased numbers of suppliers with different 
approach, business models etc

Content



KAN

Integration (absorption)
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Most important solutions 
• Heat supply: with hot water or steam 
• Heat recovery towards district heating;  with heat pumps 

- cooling the capture process and heat-recovery towards district 
heating

Key takeaways (with absorption)

• Capture process; large need for thermal 
energy and considerable amount of cooling 
… but possible to recover and increase the heat 
delivery to district heating network with heat pumps

• Low return temperature is important for 
utilization of wase heat from capture process

• «All» electricity generated from the WtE plant 
will be consumed by the capture process

• Must decide/find the right balance between 
integration complexity and energy efficiency .

Illustrative with heat recovery
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KAN 9

Key takeaways
• Early evaluation of method for 

transport and necessary 
infrastructure
• Pipeline, trucks etc
• Access to quay, utilities etc.

• Potential partners/-cooperation to 
reduce cost
• Dimensioning of storage

• CO2 volume, ship size and frequency 
important cost elements/drivers.

Not included; cost for area, civil, utilities, quay 

Transport and intermediate storage
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KAN 10

1 Northern Lights

2 Greensand

3 Acorn

4 Northern Endurance

5 Liverpool Bay/HyNet

6 Porthos

7 Cork CCS

8 Carbfix

9 Polaris

10 Snøhvit/Sleipner

Key takeaways
• Most locations, phase 1, is connected to specific  

CCS projects - commercial availability in phase 2
• Risk for lack of storage capacity in 2030+, but new 

locations will be developed
• Important to secure access to permanent storage  -

before investment decision.

Permanent storage
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KAN

CO2 tax for fossil emissions : 
• Target level from Norwegian government; 200 EUR/ton in 2030
• Supports tax on fossil CO2 emissions, alternative WtE should be included 

in ETS
• Framework for CO2 tax should be arranged so that the totality of 

instruments supports circular economy and  makes it possible to realize 
CO2 capture

ILLUSTRATIVE

NOK/ 
tonne

2025 2050

Investment support

Support schemes

Cost development
• Expect decreasing cost, both for capture 

plants/technology and transport and permanent 
storage

Regulatory framework and commercial conditions

1

2

2

33

4

4

Market for carbon removals: 
• Need viable framework for carbon removals (biogenic CO2). CO2

certificates for stored biogenic CO2 is an important revenue source for 
WtE.

Investment support/support schemes: 
• Need for a time limited support schemes/investment support to realize 

CCS from WtE .  
• Need project financing support for further project development 

1
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KAN phase 2- way forward (tentative)
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Framework Commercial Cooperations

• Structure and 
arrangement for fossil CO2 
tax

• Framework for carbon 
removals (biogenic CO2)

• Framework for investment 
support/supports schemes

• Possible market 
mechanism/ policy 
instruments - preferred 
type and level 

• Market for Carmon 
removals

• Continue to share 
knowledge within KAN

• Discussion and dialog 
within other WtE plants

• Sharing of knowledge with 
actors in Sweden and 
Denmark

• Creating social and 
political acceptance 
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Harald Malerød-Fjeld works as a senior scientist in CoorsTek Membrane 
Sciences. He has a PhD in materials science and has specialized in high 
temperature electrochemistry and thermodynamics. In CoorsTek, he works with 
testing and analysis of multi-cell electrochemical reactors at high temperature 
and high pressure.

Protonic membrane reformer technology 
for conversion of natural gas to hydrogen 
and CO2
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Protonic membrane reformer technology for conversion 
of natural gas to hydrogen and CO2

CLIMIT SUMMIT, Larvik, 9 February 2023

Harald Malerød-Fjeld
Senior Scientist, CoorsTek Membrane Sciences
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CoorsTek Membrane Sciences

About us

COORSTEK MEMBRANE SCIENCES: 
 Technology development company located in Norway with ~25 

employees / contractors

 Leading position in the development of solid-state proton 
conductors, the most efficient of all hydrogen technologies

 Global network of R&D collaborations, regular publications in top 
scientific journals (Nature/Science branded)

 Business focus on collaboration agreements with major energy 
companies for joint technology development

COORSTEK: 
 Global advanced materials company with 6 000+ employees 

and leading position in technical ceramics

 Headquarter in Colorado, USA, with operations world-wide

16

PROTON CERAMIC MEMBRANES 
operate at elevated temperatures 
between 400°C and 800°C by 
breaking hydrogen into its sub-
atomic particles (PROTONS and 
ELECTRONS) and then transporting 
protons across a solid dense 
ceramic electrolyte

PROTON CERAMIC MEMBRANES 
offer unique opportunities for more 
efficient hydrogen production

+
-

HYDROGEN

PROTON

ELECTRON
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CoorsTek Membrane Sciences17

50 MANUFACTURING SITES
10,000 CUSTOMERS IN 70 COUNTRIES
CONNECT & COLLABORATE WORLDWIDE

CoorsTek Worldwide
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CoorsTek Membrane Sciences

History of Innovation Within Protonic Membranes
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2015 2016 2017 2018 2019 2020 2021 2022

2015 2017 2019 2021

2016 2017 2020 2022

CTMS is formed on the basis of 15 
years of R&D at CoorsTek and the 
acquisition of Protia Article published on hydrogen from 

natural gas with minimal energy 
loss

Article on conversion of 
gas to chemicals using 
protonic membranes

First development projects funded 
by industry leading partners

Collaboration agreement 
signed, with funding from six 
major energy companies and 
Norwegian grants

First kW-scale hydrogen 
generator demonstrated

Article is published on the scaling of 
cells to stacks

Single-step hydrogen production 
from NH3, CH4, and biogas in stacked 
proton ceramic reactors

Completion of prototype 
manufacturing line for 
membrane reactors in Oslo, 
Norway 

 Publications in leading academic journals

 History of collaboration and development with leading industry players

 Multiple prototypes deployed, with TRL6 achieved

PROTONIC I PROTONIC IICLIMIT Demo:
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CoorsTek Membrane Sciences

Protonic Ceramic Electrochemical Reactor
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Selective extraction of hydrogen through dense ceramic layer

Inlet
CH4 + H2O

Compressed
H2

Ni/BZCY

BZCY

Ni/BZCY 100 µm

BZCY CO

CH4 

H2O

H2Ni

30 µm

Ni

BZCY 
electrolyte

2H+

H2

2Hads
e-

e-

Outlet
CO2 + H2O

Heat transfer 

20 µm
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CoorsTek Membrane Sciences

Protonic Ceramic Electrochemical Reactor 
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Selective extraction of hydrogen

Compressed
H2

Heat transfer 

Inlet
CH4 + H2O

Ni/BZCY

BZCY

Ni/BZCY 100 µm 30 µm

BZCY CO

CH4 

H2O

H2Ni
Ni

BZCY 
electrolyte

2H+

H2

2Hads
e-

e-

Outlet
CO2 + H2O

20 µm

800 °C, S/C = 2.5, 10 barCH4 + H2O = 3 H2 + CO
CO + H2O = H2 + CO2 H. M-Fjeld et al., Nature Energy 2 923-931 (2017).
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CoorsTek Membrane Sciences

PCER stack for electrochemical H2 production

21

PCER stack for 
electrochemical H2
production
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CoorsTek Membrane Sciences

Stack for electrochemical H2 production

22

 Series of six barrels (six single cells per barrel)

 U-bend type of gas flow 

 Electrically connected in parallel 

 Ni-based glass-ceramic composite ICs

 Microthermal heat integration

PCER stack

Insulating GC seal
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CoorsTek Membrane Sciences

PCER stack for electrochemical H2 production

23

 Series of six barrels (six single cells per barrel)

 U-bend type of gas flow 

 Electrically connected in parallel 

 Ni-based glass-ceramic composite ICs

 Microthermal heat integration
Insulating GC seal

 CFD multiphysics
modelling

 Gas flows - heat transfer -
current distribution -
reaction kinetics

D Clark et al., Science 376 390-393 (2022).
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CoorsTek Membrane Sciences

PCER stack performance

24

 H2 recovery >99%

 High pressure operation 
enabled 

 Faradaic operation

 High purity hydrogen 
production

 Capture ready CO2
stream

D Clark et al., Science 376 390-393 (2022).
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CoorsTek Membrane Sciences

• High H2 purity, CH4 conversion and CO2 yield
• Materials employed in the core of the PMR technology, including 

materials used for sealing, are stable under relevant industrial 
conditions

• Recovery of performance after process shutdowns and unstable 
test rig conditions

• SEU (36 cell stack) testing over 6500 hours (and 
running): 
• Stable catalytic activity for SMR and WGS reactions

• No degradation of membrane’s ability to transport hydrogen

25 Initial conditions: 750 °C, 20 bar, S/C = 2.6 

Proton membrane reformers: Strong lifetime performance

Content



CoorsTek Membrane Sciences

Technology status @ CTMS
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 Pilot line for fabrication of membranes
 Semi-automated stack fabrication procedure developed
 Focus on protonic membrane reformer for hydrogen generation

>70 stacks fabricated (36 cells per stack)
 Laboratory and pilot testing > 40 bar confirms 

o Hydrogen production ~2 kg H2 per day on multistack panels 
o CO2  concentration > 95%

 Developed membrane system can be used for adjacent technologies

HT-STEAM ELECTROLYSIS HYDROCARBON UPGRADING ENABLING NH3 AS ENERGY CARRIER
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Why this technology can become a winner in the future

27

• High system level energy efficiency 
• Process intensification
• High hydrogen recovery rate
• Microthermal heat integration

• Electrification
• No use of NG for heating and in the carbon capture process

• Efficient carbon capture
• 99+% carbon capture rate feasible on system level
• High CO2 concentration in stream for liquefaction
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Ditaranto

Mario Ditaranto is Chief Scientist at SINTEF Energi and has more than 
20 years of professional experience in the field of combustion science 
and technologies covering combustion systems for power and 
industrial processes. He currently leads research projects in oxy-fuel 
combustion for the Waste-to-Energy and Cement sectors, and in the 
use of hydrogen and ammonia for gas turbines and furnaces.

CHIEF SCIENTIST

7–9 February

Enabling carbon capture with oxy-fuel 
combustion technology for the Waste-
to-Energy sector (CAPEWASTE)
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CAPEWASTE project
Enabling carbon capture 
with oxy-fuel combustion 
technology for the Waste-
to-Energy sector

Mario Ditaranto, Michael Becidan, Chao Fu, Mette Bugge (SINTEF Energi)

Johnny Stuen (ex-City of Oslo REG)



Waste-to-Energy: a growing industrial sector
and an opportunity for CCS

• Worldwide : 2,100 Mt MSW are generated annually

• China: 190 Mt/yr of waste produced

• Europe: 160 Mt/yr of waste produced

2



Waste-to-Energy with CCS – which capture technology?

160 Mt/yr of waste produced i Europe

• ca. 100 Mt/yr MSW treated in ca. 500 plants: Retrofit CCS potential

• ca. 60 Mt/yr MSW landfilled: Greenfield CCS potential

oxy-fuel combustion capture?

3



Norwegian Context

Oslo 2030

4



130 000 Mt MSW

5

CAPEWASTE methodology
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Waste-to-Energy plant



Oxy-fuel WtE Process

7

53 % power
consumption

42 % power 
consumption

510 kg CO2/t_MSW

of negative emission

at Haraldrud plant

Assumptions:

• MSW supply: 130 000 t/yr

• Air leakage: 2.5%

• Oxygen content at furnace outlet: 4%

• Oxygen purity: 95 mole%

• FGR: 75.7 %



Oxy-fuel WtE Process
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• Burning of MSW in oxy-fuel 
atmosphere is feasible with no 
apparent showstopper

• Stable limits under low O2 mapped     
-> Flue Gas Recirculation control

• Propensity to NOx similar to air                                                         
-> existing cleaning units adequate

9

Oxy-fuel Combustion

Energies 2021, 14(17), 5297



Effect of oxygen distribution on conversion and burn-out and compared to air

10

Full scale plant CFD model



Conclusions

• An oxy-fuel plant at Haraldrud can remove ca. 510 kgCO2/tMWS from the

atmosphere

• Oxy-fuel combustion of MSW is feasible

• The critical parameters for optimizing plant efficiency are highlighted

• Simulation tools are ready for oxy-fuel combustion of complex MSW fuels

• What's next?

11
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Oxy-fuel technology demonstration in Årdal?...

NETOX Proposal to 2nd round

Photo: Hydro/Øyvind Breivik

Photo: REG Oslo Kommune
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SINTEF Industry (part of SINTEF AS). He obtained his PhD in 2014 from the 
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RESEARCH SCIENTIST
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Membranes with Aligned 
nanostructures for CO2 separation
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Luca Ansaloni – SINTEF AS
Larvik, 7-9 February 2023

MEMBRALIGN - Membranes with Aligned 
nanostructures for CO2 separation

Teknologi for et bedre samfunnContent



MEMBRALIGN project

Teknologi for et bedre samfunn

The MembrAlign project was financed by the CLIMIT program of NFR
Project details:
‒ Type: IPN (Innovation Project for the Industrial Sector)
‒ Running period: 2018 – 2022
‒ Budget: 11.5 MNOK, of which 7.7 MNOK from NFR
‒ Partners: 

coordinator
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Polymeric membranes for CO2 capture

• A membrane is a barrier layers that allows the selective 
permeation of one components (CO2) while blocking the 
other gases to pass

• Polymer membrane represents an attractive technology 
to capture CO2 from flue gas
‒ Modularity
‒ No use of harmful chemicals
‒ Low energy consumption (hybrid processes)
‒ Polymer membrane represents an attractive technology to 

capture CO2 from flue gas

Teknologi for et bedre samfunnContent



Polymeric membranes for CO2 capture

PERFORMANCE PARAMETERS

Teknologi for et bedre samfunn

𝑃𝑃 = 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 �𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑑𝑑𝑑𝑑𝑡𝑡𝑑𝑑𝑡𝑡𝑡𝑡𝑑𝑑 𝑓𝑓𝑓𝑓𝑑𝑑𝑡𝑡𝑡𝑡

= 𝐽𝐽 � ℓ
∆𝑝𝑝

Permeability

Selectivity

𝛼𝛼 =
⁄𝑦𝑦𝑡𝑡𝑓𝑓2 𝑦𝑦𝑁𝑁2 𝑝𝑝𝑡𝑡𝑑𝑑𝑝𝑝

⁄𝑦𝑦𝑡𝑡𝑓𝑓2 𝑦𝑦𝑁𝑁2 𝑓𝑓𝑡𝑡𝑡𝑡𝑑𝑑
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Mixed matrix membranes

Teknologi for et bedre samfunn

Polymer matrix

Inorganic material

Φinorg↑ Zeolite MOFs

2D porous nanomaterials
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The MEMBRALIGN approach

Teknologi for et bedre samfunn

• The MembrAlign project employed manipulation at the nanostructural level to 
improve the performance of hybrid membranes for CO2 capture
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CONDALIGN technology

Teknologi for et bedre samfunn

• CondAlign has developed a proprietary technology to align particles in polymeric
films through the use of electric field (via di-electrophoresis)  

Content



CONDALIGN technology

Teknologi for et bedre samfunn

Key advantages of CA technology:
• Material and particles’ size

independent, so any type of
polymer/particles combination can be 
used

• Short alignment time is required, 
therefore it can be easily upscaled in 
R-2-R fabrication

Polyurethane film (approx. 400µm thickness)
w/Silver coated glass particles (approx. 25µm) 
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In-plane alignment

Teknologi for et bedre samfunn

• Example of through plane alignment using Pebax 2533 as polymer phase and a µm-
size MOF (NH2-MIL53) for CO2 capture application

Through Plane Aligned

NH2-MIL53

Not Aligned
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Effect of CA technology on membrane

Teknologi for et bedre samfunn

• The positive effect of CA 
technology on a PU membrane
loaded with Graphite particles was
demonstrated

• The effect of CA technology is 
particulary evident at high particles
loadings, where the CO2
permeability is enhanced

• Minor positive effects are observed
on the selectivity

Content



In-plane alignment

Teknologi for et bedre samfunn

Air

Polymer membrane

PET carrier film
Electrodes/air gap

Glass

50 µm

25 µm
50 µm

1000 µm

• CondAlign has developed a proprietary technology to align particles in polymeric
films through the use of electric field (via di-electrophoresis)  
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Effect on pure polymers

Teknologi for et bedre samfunn

• During the project it was found that the alignment technique has also a positive 
impact on the pure polymer performance

PEBAX PEG
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Patents

Teknologi for et bedre samfunn

• 2 Patents were submitted and approved at the end of the project
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Conclusion and outlook

Teknologi for et bedre samfunn

Achievements:
• Demonstrated the feasibility to apply CondAlign technology for the fabrication of

membranes for CO2 capture (thin film composite membranes)
• Extented CA technology to the case of in-plane alignment
• 2 patents

Outlook:
• Establishment of CondAlign Capture AS https://www.condalign.no/about/condalign-capture/

• Looking for possible partners in the membrane manifacturing field

Content
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