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Increased ambition (2030): Zero or very low carbon technologies and 
business concepts need to be developed and tested at scale in this decade

Long-term perspective (2050): Climate neutrality

• CCS will be required to reduce 
emissions of any remaining fossil 
fuels use (power sector, industry)

• Necessary for certain hard to 
decarbonize industrial processes

• CCS combined with biomass 
(BECCS) or direct air capture 
(DACCS): required to generate net 
carbon removals if we are to 
achieve climate neutrality

• Storage in materials (e.g. in 
plastics) is also seen as an option

• CCU fuels in some scenarios
Source: Scenario Analysis Results for CCUS, Vision for a Clean 
Planet by 2050



Capturing, recycling and storing carbon
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Objectives of the Communication

• 2050 vision
• Market potential for ecosystem and

industrial solutions
• Development of future policy

framework

Long-term 
strategy

• Carbon farming
• Carbon removal certification
• Further policies: bio-economy, 

circular economy, …

Action 
plan



Links to other policies
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• Financial incentives to the actors of the bioeconomy for climate-friendly 
activities resulting in carbon removals and storage

• New source of income for land managers

• Role of Common Agricultural Policy and other forms of public support

• Voluntary carbon markets

Carbon farming



• Horizon Europe calls

• Integration of CCUS in hubs and clusters, including knowledge sharing activities

• Decarbonising industry with CCUS

• Cost reduction of CO2 capture (new or improved technologies)

• Innovation Fund

• Second large-scale call on 26 October 2021 (EUR 1.5 billion)

• Second small-scale call in March 2022 (EUR 100 million)

• LIFE programme

Development of technological solutions



• Complementary to current climate policies

• Robust and credible framework

• Authentic, transparent and verifiable carbon removals 

• Proposal for a regulatory framework for the certification of carbon removals in 
2022

Carbon removal certification



Thank you

Further reading:
Restoring Sustainable Carbon Cycles Roadmap https://ec.europa.eu/info/law/better-regulation/have-your-
say/initiatives/13066-Climate-change-restoring-sustainable-carbon-cycles_en
Certification of carbon removals https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/13172-Certification-
of-carbon-removals-EU-rules_en
Innovation Fund Website https://ec.europa.eu/clima/policies/innovation-fund_en
Carbon Farming Website https://ec.europa.eu/clima/policies/forests/carbon-farming_en
Technical Handbook on Carbon Farming https://op.europa.eu/en/publication-detail/-/publication/10acfd66-a740-11eb-9585-
01aa75ed71a1/language-en
Funding and Tenders portal https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/home

https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/13066-Climate-change-restoring-sustainable-carbon-cycles_en
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/13172-Certification-of-carbon-removals-EU-rules_en
https://ec.europa.eu/clima/policies/innovation-fund_en
https://ec.europa.eu/clima/policies/forests/carbon-farming_en
https://op.europa.eu/en/publication-detail/-/publication/10acfd66-a740-11eb-9585-01aa75ed71a1/language-en
https://ec.europa.eu/info/funding-tenders/opportunities/portal/screen/home
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WHY NEGATIVE EMISSIONS?

13/10/2021 18

Negative emissions emerge because even with all our best efforts to 
reduce emissions, we’re still not going to be doing enough. Growing 
need for negative emissions are a symptom that ‘we are failing’. 

We need negative emissions for 3 reasons:
1. To more quickly reduce our contribution to climate change 
2. To balance out the minimal amount of emissions present in 2050
3. To remove more CO2 than we emit, to ‘fix past mistakes’



PRINCIPLES FOR CARBON DIOXIDE REMOVAL

19

The below four principles collectively define the conditions for carbon dioxide removal

Scoping

1. Carbon dioxide is physically removed from the atmosphere

2. The removed carbon dioxide is stored out of  the atmosphere in a manner intended to be permanent

Accounting

3. Upstream and downstream greenhouse gas emissions, associated with the removal and storage 
process, are comprehensively estimated and included in the emission balance

4. The total quantity of  atmospheric carbon dioxide removed and permanently stored is greater than 
the total quantity of  carbon dioxide equivalent emitted to the atmosphere

Reference: When are negative emissions negative emissions? (Tanzer & Ramírez, 2019)
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WHAT IS (NOT) CDR?

13/10/202120
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Emissions Emission Reduction Removal

Emissions Avoidance is not, and never can be 
Carbon Dioxide Removal



IS CO2 BEING REMOVED?
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HOW MUCH CO2 IS BEING REMOVED?

13/10/202122



KEY CONCEPTS IN CDR CERTIFICATION 
Certification requires: Liability and contingency for reversals

Quantifiable and verifiable extraction of CO2 from the atmosphere: 
 Can also be extracted from biosphere, oceans with additional verification challenges.

Quantifiable and verifiable long-term storage of CO2: 
 Affects the quality of a removal (more permanent, stable storage = less liability/higher quality)
 Transparent custody of the CO2 molecule

Accounting of ALL associated GHG emissions
 Full lifecycle which includes all the steps involved in removing CO2, including waste streams.

Clear plan to prevent, minimise, and manage reversals

Need for abnormally long-term liability regime
 Akin to current liability for CCS (geological removals). There is no equivalent liability for land sink

Distinct accounting of Removals and Emissions

13/10/202123



REMOVALS WILL BE LIMITED

13/10/202124

Demand: HIGH

• No shortage of companies/industries that will seek CDR to 
reach “net” targets.  

• ‘High quality’ emissions are not easily offset 

Supply: LOW

• Removal will be limited 
• Real removals – are by their nature difficult. 

• Those who get to rely on CDR will be few/targeted

• BAD: Artificially increase supply by relabelling emissions 
reductions as removals. 

Land Area for Afforestation 

Agriculture & Soil Carbon 

CO2 Transport & Storage 

Sustainable Biomass

Energy for DACCS

Permanence/Reversals of Storage 

Monitoring & Verification



Carbon Dioxide Removal is distinct from Emission Reductions 
 Removing CO2 from the atmosphere and putting it elsewhere for a long long time

Carbon Dioxide Removal is supplementary to mitigation (i.e. not a 
replacement for it) 
 Not making a mess in the first place is easier than cleaning it up after

Carbon Dioxide Removal will be limited by supply rather than demand

13/10/202125

TAKEAWAYS



BECCS on waste-to-energy plants: 
An entry path into at-scale CDR 
CCUS Projects Network, 28.09.2021
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Sus.lab is a “Think- and Do Tank” launched by the Chair for Sustainability and 
Technology (SusTec) at the Management Department of ETH Zurich

Our mission Our history

• Sus.Lab was founded in 2016 out of a feeling of 
increasing urgency of global sustainability 
issues like climate change

• Sus.lab brings sustainability research into the real 
world much faster – building on 15 years of 
research on sustainability technology, policy and 
management

Real world impact on 

sustainability based on 

latest research Our work

• We work on hands-on projects with industry and 
other organizations to solve their most pressing 
sustainability issues

• Areas of work: Industry decarbonization, CCS, 
hydrogen, carbon removal, buildings & 
construction, circular economy of plastics



• Introduction
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• CO2 storage

• Costs & revenue streams
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Required global CO2 reductions to reach 1.5°C target
CO2 in Gt p.a.

INTRODUCTION

End of January this year, Switzerland committed to net zero GHG emissions 
by 2050

Source: IPCC Special Report on 1.5 degrees

To keep global warming within 
1.5°C, global annual emissions 
need to be reduced by 50% 
around 2030 and reach net zero 
by ~2050



Hydrogen production 

1.5 Mio. Heat pumps 
(today 0.3 Mio.)

Heavy transport with rail, 
bioenergy and hydrogen

3.6 Mio. Battery electric vehicles

Negative emission technology 
Inland storage (3MtCO2/yr)

45TWh hydropower 
(53% total electricity 

generation)
High efficiency in 

industrial processes 34TWh PV power (40% total 
electricity generation) – today 
2TWH 

Well insulated buildings with 
low heating demand

Cement & chemical factories 
with CCS (2.9MtCO2/yr)

Expansion of the district heating 
network in urban areas

Biomass for process heat

Incineration with CCS (3.6MtCO2/yr)
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The administration has proposed a plan – based on renewable energy, energy 
efficiency, CCS and significant amounts of CDR

INTRODUCTION

Source: Bundesamt für Energie (2020). Energieperspektiven 2050+

Switzerland 2050+
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Source: VBSA/PRTR

19 of Switzerland’s largest point sources are WtE plants – with ~50% biogenic 
emissions, these have great potential for domestic CDR if equipped with CCS  

INTRODUCTION

• Switzerland has 32 

large emitters; 19 of 
which are WtE plants
(>100’000 tons of CO2 
per year)

• Together, these 19 
WtE plants emit ~1,8 

million tons of fossil 

CO2, and ~1,8 million 

tons of biogenic CO2

Large CO2-point sources in Switzerland 

(>100’000 tons CO2, 2017)
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Together with the Waste-to-Energy industry, we have been investigating the most 
pressing CCS questions since 2018

INTRODUCTION

Study on “how to decarbonize” 

Waste-to-Energy

• WtE association (VBSA) asked 
sus.lab to investigate options for 
utilizing or storing large quantities of 
CO2, including the realization of 
negative emissions
• CCS identified as most feasible 

option

• Results tested in expert and 
stakeholder consultation workshop in 
February 2019

Conceptual design/feasibility for a CCS-at-

WtE demonstration with KVA Linth at scale

• Basic design and cost calculation of a CO2 
capture facility (>100k t CO2/yr)
• Transport options from KVA Linth to the 

North sea storage sites 
• Financing/monetization options, incl. CDR 

via BECCS
• Regulatory analysis and policy outreach

• Rough layout and cost of a CO2 

pipeline network in Switzerland

• Deep dive in Zurich as an example of an 
urban CO2 hub 

Feasibility of a CO2 pipeline network

October ‘18 – March ’19 September ’19 – September ‘20 September ‘20 – February ‘21

…

Funded by

Core team Other partners

…

Funded by

…

Funded by

Focus
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The present study addressed the feasibility of realizing an early-mover CCS chain 
from KVA Linth to a storage location

INTRODUCTION

Is the ambitious plan to capture and permanently store 100’000 tons of CO2                                       
per year at KVA Linth feasible by 2025?

Contents of the study:

• Basic design and cost calculation of the CO2 
capture facility at KVA Linth 
• CO2 transport options from KVA Linth and costs
• CO2 storage options and costs
• Revenue streams
• Regulatory aspects
• Industry outreach and partnerships



• Introduction

• CO2 capture

• CO2 transport

• CO2 storage

• Costs & revenue streams

• Next steps
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CO2 capture unit has been designed for KVA Linth by AKER Carbon Capture to 
capture and liquefy 100’000 tons of CO2 per year

CO2 CAPTURE

Source: Integration Feasibility report, Aker Carbon Capture (2020)

The plant is designed to produce 100’000 tons of liquid CO2 per year. The proposed CO2 capture rate is 90% which will 
extract roughly 115’000 tons of CO2 per year in order to produce 100’000 tons of liquid CO2 per year

Two cases – with and without heat integration – have been considered in detail

CO2 excess of 
90% capture rate 
~11’500 tons per 
year

CO2 loss 
~ 3500 tons 
per year

Total CO2 in  
~ 115’000 
tons per year

CO2 streams in the CO2 capture and liquefaction process

CO2 absorber CO2 liquefaction
Liquid CO2 
out 100’000 
tons per year
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CO2 capture unit has been designed for KVA Linth by AKER Carbon Capture to 
capture and liquefy 100’000 tons of CO2 per year

CO2 CAPTURE

Source: KVA Linth



37

The cost of one ton of CO2 captured and liquefied is expected to be in the range 
from EUR 41 (with heat integration) to EUR 46

CO2 CAPTURE

Source: CAPEX: Integration Feasibility report, Aker Carbon Capture (2020), OPEX: KVA Linth internal data 

Total cost of CO2 capture:

• EUR 46 per ton or
EUR 46 million (w/o heat 
integration) per year for 
100,000 t of CO2
captured and liquefied

• EUR 41 per ton or
EUR 41 million (w heat 
integration) per year for 
100,000 t of CO2
captured and liquefied

Financing costs are excluded
due to high uncertainty of the 
funding mix at the moment

Cost estimates for CO2 capture w/o and w heat integration at KVA Linth
EUR, per ton of CO2 captured and liquefied, excluding transport to railway station

3 3
3 3
2

10 10

20
12

9

12

w heat integration

0

w/o heat integration

CAPEX

Other utilities

LP steam

Electricity

Maintenance
Personnel

46

41

-11%
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Project execution is expected to need approximately 24 months but may take 
significantly longer if the option with heat integration is chosen

CO2 CAPTURE

Source: Integration Feasibility report, Aker Carbon Capture (2020)

Feasible 2-3 months

3 months

18 months

Request for proposals

Pre-EPC

Execution

Integration study / funding sources / 
political support

Selection

Final 
investment 
decision

Illustrative timeline of project development

If the case with heat integration is chosen, project execution will 
be longer and may potentially include a FEED study

1 2 3 4

!

Current 
status
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For the early mover transport chain, a combination of truck, train and ship was 
deemed the most feasible

CO2 TRANSPORT

800 km

1400 km

150 km

Hamburg

From the loading station to permanent storage in Norway

Northern Lights 
storage site

Rotterdam

Base
l Rail loading 

station (SBB)
Existing solution

Feasible by 2025

Route in focus
Truck

Onshore/ offshore pipeline

Train

River barge/ sea vessel

40
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Rail transport from an SBB loading station expected to cost EUR 71 per ton of CO2
CO2 TRANSPORT

Source: Multiplication of unit transport cost (see slide 8) with roundtrip distances (assuming empty trip back).  

150 km2.6 km 800 km

KVA Linth Basel

1000 km

Rotterdam Northern Lights 
storage site

Truck 5
EUR Truck 273

EUR

Train 10
EUR Train 55

EUR

Barge 30
EUR Ship 22

EUR

Pipeline 5.8
EUR Pipeline 11

EURPipeline 1
EURPipeline 6

EUR

Feasible, lowest-cost option: 71 EUR per ton of CO2 transported to 
Rotterdam where it is picked up by the Northern Lights project

Existing solution

Feasible by 2025

Long-term solution

Cost per ton of 
CO2, in italics if 
not based on 
industry quotes

[]
EUR

Possible modal links

INDICATIVE

Rail 
loading 
station
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A transport chain by pipeline, train and ship would result in emissions equivalent to 
~6% of the CO2 transported

CO2 TRANSPORT

Source: Multiplication of operational emission factors (see slide 8) with roundtrip distances (assuming empty trip back).  

150 km2.6 km 800 km

KVA Linth Rail 
loading 
station

Basel

1000 km

Rotterdam Northern Lights 
storage site

Truck 60
tCO2

Truck 3,100
tCO2

Train 170
tCO2

Train 2,900
tCO2

Barge 5,300
tCO2

Ship 2,900
tCO2

Pipeline 0
tCO2

Pipeline 0
tCO2

Pipeline 0
tCO2

Pipeline 0
tCO2

Feasible, lowest-emission option: 6’000 tons of CO2 of operational emissions per year ≙ 6% of transported CO2

Existing solution

Feasible by 2025

Long-term solution

Operational emissions 
for 100’000 tons 
(excluding gray 
emissions)

[]
tCO2

Possible modal links

INDICATIVE



At scale, pipeline transport is expected to be the most economical and feasible 
option

Sources: Swisstopo, SFOE, ACT Acorn Feasibility Study (2018), Gazenergie, sus.lab pipeline study 

Transport of 10 mio tons per year:

43

~11 barges per day~1600 trucks
per day

~550 rail cars 
per day

A Swiss CO2-
Network is 
feasible!
Costs: ca. 3 billion 
EUR

CO2 TRANSPORT



• Introduction

• CO2 capture

• CO2 transport

• CO2 storage

• Costs & revenue streams

• Next steps

Contents

44



CO2 STORAGE
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• Theoretical (unproven) storage 
capacity for approximately 2.6 Gt of 
CO2 in deep porous geological 
formations in Switzerland

• This would be equivalent to storing 
app. 70 years worth of Swiss CO2 
emissions*

• Very low exploration maturity and 
sceptical public opinion

Geological storage in Switzerland needs further exploration of the underground and 
thus would take 10-20 years to develop

Sources: Swiss geology portal (2010), *2016 CO2 emissions excl. land use change of 39 Mt based on the GHG inventory by 
Federal Office for the Environment (FOEN, 2018), ETH News (2019)



Source: Press research and interviews, H21 North of England, 2018, Images Goassnova, Northern lights, Statoil [renamed to Equinor], MIT, Sintef (2018), direct CO2 emissions of EU 28 
(excl. land change and aviation) were 3.5 Gt in 2016 according to the European Environmental Agency

46

The ‘Northern Lights’ project – including transport, reception and permanent storage 
of CO2 in the North Sea – seems as the best option for KVA Linth

CO2 STORAGE

Technology 
description

• The ‘Northern Lights’ project includes 
transport, reception and permanent 
storage of CO2 in the North Sea

• The operators of Northern Lights can 
draw on 20 years of experience with 
injecting CO2 at the Sleipner project, 
started in 1996, with a total of 15.5 million 
tons CO2 (0.9 million tons per year)

Capacity

• 1,000-2,000 m below the North Sea bed 
• Norwegian offshore CO2 storage capacity 

estimated at 70’000 million tons –
Providing space for 20 years of EU 28 
direct CO2 emissions 

Equinor, Shell 
and Total have 
signed MoU with 
7 European 
companies1 to 
develop CCS 
value chains 
supported by the 
Norwegian State 

1 Air Liquide, Arcelor Mittal, Ervia, Fortum Oyj, HeidelbergCement AG, Preem, and Stockholm Exergi
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Costs per ton of CO2 are likely to fall well below 137 EUR (the current domestic 
marginal abatement costs) once the CCS chain is operated at scale in EU

REVENUE STREAMS & COSTS 

Sources: AKER Carbon Capture, KVA Linth, Messer, VTG, Northern Lights, IPCC Special Report on Carbon Dioxide Capture and Storage, 2018, Global CCS Institute: Waste-to-Energy with CCS: A pathway to carbon-negative power 
generation, 2019; Marginal cost: Kosten und Potential der Reduktion von Treibhausgasen in der Schweiz, Bericht des Bundesrates, 2011; Waste-to-Energy with CCS: A pathway to carbon-negative power generation – Global CCS Institute, 
2019; Luo et al., Simulation-based techno-economic evaluation for optimal design of CO2 transport pipeline network, Applied Energy, 132, 2014

Cost calculation for full cost per ton of CO2 from KVA Linth to storage under the North Sea
Please note that cost estimates are indicative

version 14.04.2021

41-46 EUR 
(incl. liquefaction and 

opportunity cost for heat)

29-42 EUR
(35-50 USD capture 

(Global CCS Institute, 
2019)

30-55 EUR
(Northern lights currently 

estimates 30-55 EUR per ton 
as price for transport and 

storage from hubs along the 
North Sea coast)

71 EUR
(Mainly train, with a very short 
pipeline, without intermediate 

storage) 

21-26 EUR
(5-8 CHF transmission, IPCC data, 

based on onshore pipeline for 10 Mt per 
year, 0.007-0.01 CHF per ton per km 
from Basel to Rotterdam, 670 km, ~5 

CHF for a smaller collection pipeline of 
180 km (ZEP, 2011), 12-15 EUR for 

compression (Luo et al., 2014)) 

~ 62-98 EUR 

~ 142-172 EUR 

CO2 capture & liquefaction Transport to North Sea 
Coast (Rotterdam) Storage offshore Total

12-30 EUR
(ZEP report based on several 
in depths studies in UK and 
NL. Offshore incl. offshore 

transport)

First of a kind 
(per ton of CO2)

At scale 
(per ton of CO2)

focus of 
study

based on 
literature
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The CO2 credit market, in particular CDR, are attractive revenue streams
REVENUE STREAMS & COSTS 

*Assuming 5kg in weight of trash and 5 kg in weight of CO2 produced by each 35L bag 

Revenue type

Compliance 

credit market

Voluntary 

CDR market

Avoided taxation

Selling CO2

No climate

benefit

Comments

Market oversaturation is 

expected to push the price 

down significantly

Expected taxes unlikely to be 

lower than current avg. CO2 

tax level in the country

Increased 

customer charges

Can only be partially passed on 

to all customers if CO2 capture 

is a legal requirement

!

C
O

2
 c

re
d

it
s A

B

Current compliance market for 

inland credits (KliK) is 

undersupplied at CHF 150

Current status (per 1 t credited)

CHF 0

WtE plants not taxed for CO2 
emissions

CHF 0

WtE customers are not charged 
for CO2 capture

Up to CHF 225 (205 EUR)

Market size: 33,000 t p.a.

CHF 0

No market is currently accessible

CHF ~20 – 1,100

Methodologies in development; 
transactions happening already

Potential future price and demand

Highly uncertain / market

too small to count on

From CHF 87 (79 EUR)

Highly uncertain / increase eq. to CHF 

0.6-0.8 per 35 L bag* would be 

necessary

From CHF 150 (137 EUR)

Expected to rise up to CHF 300 (273 

EUR); Long term contracts possible 

From ~CHF 108 (100 EUR)

Long term contracts possible

High demand for high-quality 

CDR credits; market 

undersupplied already
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In comparison to existing CDR solutions, BECSS on WtE offers an attractive option 
in price and volume

CDR FOR CEMENT

Source: Carbonplan.org 
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The following graph displays the CDR projects that have received more than 3/5 rating from Carbon Plan. This means that the 
projects have a high permanence and additionality rating. We exclude forest-based solutions.
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Comparison of international CDR projects CO2 offset quantity and price  

Price

• Assuming the cost of CCS at a WtE plant like 
KVA Linth (max. 172 EUR/t CO2) as price for 
the CDR credit, the price is highly 

competitive with existing CDR solutions, 
in particular in comparison to other high-
quality credit providers (e.g. Climeworks 
currently charges 636 EUR/t CO2; estimates 
90 EUR/t CO2 at scale for capture only)

Volume

• While other, more decentralized CDR 
solutions build up capacity linearly, BECCS 

on cement plants can realize high 

volumes with one installation already
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BECCS on WtE plants is a “low-hanging fruit” to realize parts of the CDR volumes 
required for Net Zero and an entry path into at-scale CDR 

TAKE AWAYS

Key actions for progress:

Plan FinanceDiscuss & inform
Move forward with planing of
CO2 infrastructure on a 
European level

Develop clarity on CCS project 
financing and revenue streams

Create opportunities for 
learning and exchange on CCS 

Image sources: Unsplash
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ETH Zurich | Weinbergstrasse 56/58 | WEV J 423 | CH-8092 Zurich 

contact_suslab@ethz.ch  | www.suslab.ch
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Authors and research team:
Dr. Petrissa Eckle, Director of sus.lab, Group for Sustainability and Technology, ETH Zurich
Ms. Marija Spokaite, sus.lab, Group for Sustainability and Technology, ETH Zurich 
Mr. Marian Krueger, sus.lab, Group for Sustainability and Technology, ETH Zurich 
sus.lab research team: Johannes Wüllenweber, Ramya Usha Lalitha, Dickey Gunnar

Implementation partners:
Walter Furgler, CEO of KVA Linth
Stefan Ringmann, Member of Managing Board KVA Linth
Marcel Stucki, Project Manager in Energy at KVA Linth
Dr. Robin Quartier, CEO of VBSA

Additional input and support in the project:
• CO2 capture and integration: AVR Duiven, Lonza, Fortum Oslo Varme
• CO2 transport: SBB Cargo, ChemOil, VTG, Carbagas, ETH Separation Process Laboratory (Chair Prof. Marco Mazzotti)
• CO2 storage: Northern Lights project
• CO2 revenues: South Pole

Providers of the feasibility study of the carbon capture plant integration: Aker Carbon Capture Norway AS, tbfpartner

Created within the project: «Feasibility of a demonstrator for the carbon capture and storage value chain in CH with a waste to energy plant»
Funded by Innosuisse, implementation partners KVA Linth, VBSA and with contributions by Kanton Glarus
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First estimates of investment for Carbon Capture und Collection infrastructure in 
Switzerland: ~ 4 billion CHF (3.6 billion EUR)

NEXT STEPS

Sources: AVR Duiven, VBSA estimates, VBSA pipeline study

CAPTURE UNITS
~ 40 units à 20 mio

= ~ 800 mio CHF

Swiss collection network
~3 bn CHF

First estimates
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Such a large investment in green infrastructure is not without precedent

Source: Federal Office for the Environment 

• The waste water infrastructure consists of 
~800 treatment plants and 40-50‘000 km 
public waste water pipelines

• The cost for build-up were between 40 
and 50 bn CHF, around 80-100 bn CHF 
today

NEXT STEPS



From Carbon neutral to 
Carbon negative 
products in the pulp and 
paper industry 
Dr. Heinz Felder, SVP Group Technology Stora 
Enso



The renewable materials company

Everything that’s 
made with fossil-
based materials 
today can be 
made from a tree 
tomorrow

May 7, 2021
Dr. Heinz Felder SVP, Head of Group technology 
Storaenso
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May 7, 2021
Dr. Heinz Felder SVP, Head of Group technology 
Storaenso
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Drivers of carbon neutrality

60

ConsumersBrand owners 
and retailersRegulators

European Green Deal

By decarbonising the economy, 
we will be carbon neutral by 
2050.

Transitioning towards more 
sustainable products and 

packaging.

Consumers demand action 

from governments and 
businesses.



Brand Owners Carbon commitments with high ambition 
create an opportunity to accelerate carbon reduction with offsetting until carbon neutral 
supply chains have been reached
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General Carbon Goal

Zero Carbon 

Emissions

2C
°

Science Based Targets

1,5
C°

Carbon Neutral

CO2 removal inside or 
outside the supply 
chain 

Net ‘Climate’ positive

Put back more then 
taken out from Society, 
Environment & Economy



What is the next step?

Is it possible to go to 
carbon negative in our 
operations?



May 7, 2021
Dr. Heinz Felder SVP, Head of Group technology 
Storaenso
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May 7, 2021
Dr. Heinz Felder SVP, Head of Group technology 
Storaenso
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May 7, 2021
Dr. Heinz Felder SVP, Head of Group technology 
Storaenso
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• Live poll: From future EU regulation side will there be a distinction between different applications of CCS

o All applications will be acceptable including CCS to turn fossil fuels like gas and coal into blue fuels

o All applications will be acceptable except CC to turn fossil fuels into blue fuels

o Only BECCS applications will be acceptable.



Possible business case

• CCS as a “service to society”:
− One large-scale funded project in Norway from state budget
− Reverse auction planned in Sweden in 2022 from state budget
− Is it right to make taxpayers pay for CCS implementation?

− Unfortunately, so far no CCS compensation mechanism in the EU 2030 
proposals (link to ETS)

• Imagine a link to the ETS mechanism:
− Current ETS price 60 €/t of CO2
− Is this as compensation enough to make a business case?
− Additional investment support needed for setting up the infrastructure 

May 7, 2021
Dr. Heinz Felder SVP, Head of Group technology 
Storaenso
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Possible business case: CCS as an offering to 
customers

• Current choices for customers
− Carbon offsetting through forests and plantations investments outside EU
− Experimentation phase: Carbon credits from products with long-term CO2 

storage (such as wooden construction elements) – CORC by Puro – Fortum

• Future choice:
− CORC from BECCS?
− Can CORC trading become a sizeable and regulated marketplace?

May 7, 2021
Dr. Heinz Felder SVP, Head of Group technology 
Storaenso
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May 7, 2021
Dr. Heinz Felder SVP, Head of Group technology 
Storaenso
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• Live poll: What do you believe will be the mechanism to compensate CCS carbon storage in Europe?

o It will be someday integrated into the EU ETS system, carbon storage price will follow the carbon emissions 

certificate price

o A separate market for carbon sink will develop for CCS carbon storage and products storing carbon

o Funding will be spread: some funding from EU like Innovation fund complemented by national funding



Technical development needs for carbon 
capture integration into our operations

• Current carbon capture processes are mature, but too energy intensive for 
our industry:
− Example Skutskär pulp mill: either a bioboiler would be needed to provide 

high pressure steam or the equivalent of a good-sized wind park would be 
needed if using an electricity-driven process

− Available mill waste heat cannot be used 
− Possible waste heat from a carbon capture process cannot be used in the 

mill, district heating possible (if available)

• For Stora Enso it is crucial to see that a lower pressure and lower 
temperature process is developed for carbon capture

• This is one of the main drivers for us to participate in the ACCSESS project!

May 7, 2021
Dr. Heinz Felder SVP, Head of Group technology 
Storaenso
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ACCSESS CONSORTIUM FUNDED BY EU 
HORIZON 2020 PROGRAM
1.PILOT CARBON CAPTURE IN STORA ENSO 
SKUTSKÄR PULP MILL AND OTHER INDUSTRIAL 
SITES
2.STUDY CARBON TRANSPORTATION & 
STORAGE
3.STUDY HOW TO IMPROVE PUBLIC 
ACCEPTANCE 



The roll out of DAC technology in the UK & the 
Acorn CCS Project

Alan James – Chief Technology Officer
28th September  2021

CCUS Projects Network – Negative emissions and net zero: how to technologies for 
carbon dioxide removal measure up?



Important notice

This presentation, together including any printed or electronic copies, any information provided or communicated during any 
presentation or delivery of this presentation, any oral briefing that accompanies it, and any question-and-answer session that follows such 
briefing (the presentation), are provided by Storegga Geotechnologies Ltd (Storegga) on the understanding that, whilst every care has 
been taken to ensure accuracy, no representation, warranty or undertaking (express or implied) is made and no responsibility is taken by 
Storegga or any employee, consultant, officer or other representative acting on it or an affiliate of its behalf (the Storegga Group) 
regarding its content. The Storegga Group excludes all representations, warranties, obligations and liabilities in relation to the 
presentation to the maximum extent permitted by law. In particular, nothing in presentation constitutes a valuation or financial, tax or 
legal advice, nor does it constitute an invitation to invest or otherwise provide financial support.

© Storegga 2021. The written contents of this publication are protected by copyright. All rights reserved. No part of this publication may be 
reproduced, stored or transmitted in any form or by any means without the permission of the copyright holder.
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The role out of DAC technology in the UK
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Co-funded by the  
Connecting Europe Facility 
of the European Union 
PCI Acorn SAPLING, Action 
12.2-0036

DIRECT



Co-funded by the  Connecting 
Europe Facility of the 
European Union 
PCI Acorn SAPLING, Action 
12.2-0036

Acorn – the seed for the Scottish Industrial 
Cluster



This unlocks a very large CO2 transportation & 
storage solution, helping industries and homes 
across Scotland, the UK and Europe to 
decarbonise.

Acorn CCS starts with existing CO2 emissions 
captured from the St Fergus gas terminal. 

: Establishing the anchor infrastructure

Capture
at St Fergus
gas terminal

Transport
through 

Goldeneye 
pipeline

Store
in the Acorn 
CO2 Storage 

Site

Acorn can be capturing, transporting and storing 
CO2 by the mid 2020’s.



: A catalyst for clean growth
Decarbonising industry

of Scotland’s large site emissions are 
within 50km of Feeder 10, a natural 
gas pipeline ready for reuse. 

CO2 import facilities

from St Fergus gas terminal, Peterhead Port 
offers huge development opportunities for 
CO2 import. 

H2 production hub

of all natural gas currently 
used in the UK comes 
onshore at St Fergus.

of the UK’s CO2 storage lies within 
50km of the St Fergus pipeline 
corridors - enabling rapid scale up to 
support new low carbon technologies.

35%

8Miles

90%

World class storage

~30%Domestic and 
International CO2



: Who is developing Acorn & the Scottish Cluster?

Co-funded by the  Connecting 
Europe Facility of the 

European Union 
PCI Acorn SAPLING, Action 

12.2-0036

Acorn Project 
partners

Government 
support

Cluster Participants







Key Takeaways
• Cluster services diverse emitters in the North East, Scotland, UK and Internationally

• Credible but ambitious plan with significant growth beyond foundation Acorn scope 

• Advantaged by low risk initial store, existing pipeline infrastructure, storage expansion 
potential and integration with Shipping from the start

• Deliverable, cost effective, low initial risk with significant growth

• Sets a template for UK CCS and other geographies

• Enables other low carbon development
• Hydrogen
• Direct Air Capture



The role out of DAC technology in the UK
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Co-funded by the  
Connecting Europe Facility 
of the European Union 
PCI Acorn SAPLING, Action 
12.2-0036

DIRECT



Carbon offsetting expected to become a $100bn global 
market and will consist mainly of credits for carbon 
removal with long-term storage

82
13/10/2021 82

https://www.smithschool.ox.ac.uk/publications/reports/Oxford-Offsetting-Principles-2020.pdf
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In UK, government thinking on required carbon removal has 
already progressed – 23 to 32 MTPA required by 2035

13/10/2021

The UK has set stringent targets for GHG reduction 
based on 6th Carbon Report

In order to achieve those targets, removals of 23-32 MTPA 
will be needed by 2035 (depending on scenario)

-78%

-100%

GHG reduction by 2035
vs. 1990

Net-zero by 2050
vs. 1990

Targets include emissions from:
• International aviation
• International shipping

-68%
GHG reduction by 2030
vs. 1990

15
23 23 26

32

Widesp
rea…

Balance
d…

Widesp
rea…

Headwinds

Tailw
inds

2035

45

58 63

87

112

-76% -78% -81% -76% -87%2035 GHG 
reduction

Hits -78% target

Removals 
(MTPA CO2e)

Source: UK 6th carbon plan report  and supporting graphs / tables



84https://nic.org.uk/app/uploads/NIC-July-2021-Engineered-Greenhouse-Gas-Removals-UPDATED.pdf



Source: Goldman Sachs Global Investment Research; https://www.american.edu/sis/centers/carbon-removal/fact-sheet-direct-air-capture.cfm
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Power generation Industry & waste Agriculture & forestry Transport Buildings

DAC is cost-competitive source of carbon 
abatement for transport sector, 

buildings sector, and selected industry 
applications

Equally attractive to companies, who 
have made net zero commitment across 

their supply chain – and have suppliers 
from transport or building sector

1

2

DACS is an attractive source of carbon removal for
customer segments stuck on right hand side of abatement curve

https://www.goldmansachs.com/insights/topics/carbonomics.html


Storegga DACS: enabled by carbon storage cluster in 
North-East Scotland

86
13/10/2021STOREGGA - CONFIDENTIAL

Domestic and 
international CO2

Build out

East Mey

Local supplies of high-skilled engineering, 
construction and operation knowledge

Local supplies of natural gas, hydrogen and 
renewable electricity

Local access to Europe’s most cost-efficient 
geological storage (expected to come online 
2026), lowering cost of DACS credits

Ability to offer permanent carbon removal 
for clients globally through DACS credits 
from 2026 onwards
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Direct Air Capture Technology:
overview of two leading technology providers

Air intake CO2 
absorption CO2 release CO2 

concentration

• Solid sorbent, often 
shaped as bricks

• Proprietary 
technology, highly 
advanced chemistry

• Solid sorbent bricks 
are exposed to 
vacuum to release 
captured CO2

• Liquid solution of 
potassium hydroxide
(cheap commodity)

• After absorption, 
solution is 
transferred onto 
pellets

• Pellets are exposed 
to heat to release 
captured CO2

• Large fans, cycling 
through ambient air

• Pressurisation of 
CO2, transport in 
liquid phase



UK DAC Summary

Important to distinguish between
• CO2 reduction & CO2 removal
• Short term & Long term storage
CO2 removal through DAC will be 
required to meet Net Zero
DAC will be required long after Net Zero 
for climate repair
Important to locate close to cost 
effective T&S infrastructure
Rapidly maturing technologies in 
commercial operation today
Large scale UK DAC will be operational 
by 2026
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“CCS is a necessity, 
not an option.”
Committee on Climate Change, May 2019
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Overview of Carbon Engineering DAC capture cycle

KOH solution and 
atmospheric CO2 forms 
carbonate ions

Carbonate ions react with 
calcium hydroxide to form 
calcium carbonate pellets

Pellets are fired in calciner to 
release CO2 (0.5MT plant 
requires equivalent of ~40 MW 
fuel, currently from natural 
gas)

Remaining calcium 
oxide (quicklime) is 

slaked with water



Scottish Carbon Capture & Storage

www.sccs.org.uk

Opportunities for NETs from existing 
biogenic sources: a Scottish study

Dr P. J. M. Parmiter, Dr P. Brownsort



Why do we need CDR/NETs?

IPCC Special Report: Global Warming of 1.5ºC1 

“all analysed pathways limiting warming to 1.5ºC with no or limited 
overshoot use CDR to some extent to neutralise emissions from sources 
for which no mitigation measures have been identified”

Acknowledged in the legally binding European Climate Law for climate 
neutrality by 2050

Scotland aims to reach net zero by 2045 at the latest (enshrined in law) 

1IPCC Special Report:Global Warming of 1.5ºC https://www.ipcc.ch/sr15/chapter/chapter-2/
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Image by Gerd Altmann from Pixabay



CDR technologies

• Other bioenergy CDR opportunities:

– Anaerobic digestion (biogas)
– Waste-to-energy
– Landfill and sewage (biogas)
– Biofuels (fermentation)

• Non-energy CDR opportunities

– Fermentation (alcohol production)
– Biotechnology processes for pharmaceuticals

93

© Copyright John Fricker and licensed for reuse under 
creativecommons.org/licenses/by-sa/2.0

• DACCS
• BECCS



Study structure

• Study undertaken by Dr Peter Brownsort2

• Focus on existing biogenic CO2 with CCS

• Bioenergy with CCS (BECCS)

– Biomass combustion – heat only, CHP
– Anaerobic digestion – heat, CHP, biomethane

• including landfill and sewage gas

• Fermentation industry
2https://www.sccs.org.uk/images/expertise/reports/working-
papers/WP_SCCS_2018_08_Negative_Emission_Technology_in_Scotland.pdf
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Photo by Dylan de Jonge on Unsplash



Study outputs: 
estimate of biogenic CO2 emissions

Source Emission 
estimate, 
Mt/yr-CO2

Comments

Biomass combustion (power 

station/CHP)

1.37 Three sites emit two thirds of this (0.88 Mt-CO2/yr), ~30 

smaller sites
Biomass combustion (heat only) 1.07 Three sites emit half of this (0.54 Mt-CO2/yr), thousands 

of smaller sites
AD Biogas CHP (including landfill 
and sewage treatment)

0.56 18 sites with emissions >10,000 t-CO2/yr (12 landfill, 1 
sewage, 5 other wet-waste/crop AD)

AD Biomethane upgrading 0.05 High concentration CO2 stream, 1 site >10,000 t-CO2/yr

Biomethane combustion 0.06 Distributed through grid, emissions at user sites

Fermentation – beer 0.01 Many sites (>82), 1 site >5,000 t-CO2/yr

Fermentation – grain whisky 0.25 From 7 sites all >10,000 t-CO2/yr

Fermentation – malt whisky 0.21 From 113 sites, most small, 8 >5,000 t-CO2/yr

Total 3.59
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	-				 	100,000		 	200,000		 	300,000		 	400,000		 	500,000		

RWE	Innogy	Markinch	

Stevens	Cro?	PS	

Caledonian	Paper	Mill	

Norbord	Cowie	Board	Mill	

Norbord	Morayhill	Mill	

William	Grant	&	Sons,	Girvan	DisLllery	

Diageo,	Cameronbridge	DisLllery,	Methil	

WesMield	Biomass	Plant	

North	BriLsh	DisLllery,	Edinburgh	

Biogenic	CO2	emission,	t/yr	

Nine	largest	biogenic	CO2	emission	sites	

Study outputs: location of larger sources, >10,000 t/yr

• Nine largest sites emit 
total of 1.67 Mt/yr
biogenic CO2



Study outputs
• Total estimated biogenic emissions across Scotland 3.6 

MtCO2/yr (including some sites with emissions  >5,000 

ktCO2/yr) ~10% of Scotland’s total CO2 emissions

• Study suggests existing 1.67 Mt/yr biogenic CO2 emitted at just 

nine sites; 2.1 Mt/yr at 29 sites

• 20 of the largest sites are within 50km of Feeder 10

• Practical CO2 capture and collection options exist for all sites

• Need trunk CO2 transport and storage infrastructure

• Might need “virtual pipeline” of trucks and rail transport

97



Sector growth – Waste-to-Energy
• 6 municipal WtE plant operational, combined emissions of 

414,080 tCO2/yr (2019 data), at least 4 in planning (1 large plant 
in 2015 data)

• UK Committee on Climate Change advice to Government is that 
“new [waste-to-energy] plants should only be constructed in areas 
confirmed to soon have CO2 infrastructure available, and should 
be built ‘CCS ready’ or with CCS”

98© Copyright James T M Towill and licensed for reuse 
under creativecommons.org/licenses/by-sa/2.0

3CCC 6th Carbon Budget – Waste 
https://www.theccc.org.uk/wp-content/uploads/2020/12/Sector-
summary-Waste.pdf



Sector growth – AD & Biogas

• Landfill ban on biodegradable 
waste by 2025 – expect 
landfill gas to decline

• Growth in AD plant and 
biomethane capacity – 42 
plant in 2016, 84 in 2021

• Expect growth in sewage gas 
collection
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AD plant 
locations map

©2021 Permission for use NNFCC 
(www.biogas-info.co.uk)
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Central belt and east of Scotland 
sites have good proximity to 
proposed CCS transport and 
storage infrastructure

http://www.biogas-info.co.uk/


Sector growth – Distilleries and breweries

• Whisky distilleries static
• Breweries, some growth
• Massive growth in gin production
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Gins o f Scotland 2018
{  T h i s  m e a s u r e  o f  S c o t t i s h  g i n s  m a d e  i n  t h e i r  o w n  s t i l l s  w a s  t a k e n  i n  O c t o b e r  2 0 1 8  }

Badachro gin

Achroous gin

Edinburgh Gin
Makar Gin

Pickering’s gin

The Crow Man’s Gin

Lilliard Gin

Hills & 
Harbour Gin

Solway Gin

Hendrick's Gin

Kintyre  
botanical Gin

GILT Single 
Malt Gin

Boë Gin

Badvo Gin

McQueen Gin

NB Gin

Tanqueray Gin 
Gordon’s Gin

Darnley’s Gin

Eden Mill Gin

Verdant Dry Gin

Arbikie Gin

Esker gin

Still River  
Gin

Persie Gin

Inshriach 
Original Gin

Caorunn Gin

Loch Ness Gin

Goodwill 
Gin

Isle of Harris Gin

Colonsay Gin
Lussa Gin

El:gin

Rock Rose gin

Sea Glass Gin

Kirkjuvagr Gin

Avva Scottish gin

LoneWolf gin

Strathearn Gin

Shetland 
Reel Gin

The Botanist Gin

Misty Isle 
Gin

Uisge Lusach
Gin

Crossbill Gin Old Curiosity Gin

King’s Hill Gin

56 North Editions Gin

Firkin Gin

Gorse Gin

Illicit Gin

Wild Island 
‘Distiller’s 
Cut’Gin

Oro Gin

eeNoo Gin

House of Elrick Gin
Kinrara gin

Porter’s gin

Vesperis 
Pictish 
Gin

Red Door Gin

Byrons Gin

Felons Gin

EIDyn gin

William 
Kerr’s gin

Devils staircase

drovers Gin

Selkie gin

jinzu gin

Thompson Bros 
Organic Highland Gin

Leith Gin
lingin

© Copyright M J Richardson and licensed for reuse 
under creativecommons.org/licenses/by-sa/2.0

© 2018 The Scottish Gin Society https://www.thescottishginsociety.com/map/



CDR through CCS on biogenic emissions

ZEP reports4, 5 lay out four principles for a process to be 

considered a CDR:

1. CO2 physically removed

2. CO2 permanently stored

3. Associated emissions are included in the emission balance

4. Total CO2 removed and stored > total CO2eq emitted to 

atmosphere

4https://zeroemissionsplatform.eu/wp-content/uploads/Europe-needs-a-definition-of-Carbon-Dioxide-Removal-July-2020-3.pdf
5https://zeroemissionsplatform.eu/wp-content/uploads/Europe-needs-robust-accounting-for-Carbon-Dioxide-Removal-ZEP-report-January-
2021.pdf 
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CDR accounting

• Data on biogenic emissions difficult to obtain, not a requirement currently 
to record and report

• Reporting varies and not always required, as considered carbon-neutral
• Fermentation emissions not reported in SPRI (SEPA emissions inventory)
• SPRI data on biomass attribution not consistent year on year
• Need figures for WtE % biomass
• Requires full life-cycle analysis to international standard
• LCA key if offsetting to be employed
• Offsetting – whole new debate
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Policy and incentives
• Offsetting requires

– Decisions on how to apply - local, regional, national, international  
– Reporting of biogenic emissions
– Full, standardised LCA
– Accounting, avoid double-counting

• Incentives

– Continue existing renewable heat and energy, such as RHI (UK), 
include in REDII (Europe)

– Avoided methane emissions
– CCS on EtW
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Additional information
There will be a Thematic Report on CDR for the CCUS Projects Network Knowledge 
Hub:
https://www.ccusnetwork.eu/knowledge-hub/thematic-reports
SCCS are involved in NEWEST-CCUS investigating CCS on WtE, biomass content and 
LCA:
https://www.newestccus.eu/
Scotland’s Net Zero Roadmap (future report on biogenic emissions) developing a 
decarbonization roadmap:
https://snzr.co.uk/
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Any questions?

Dr Philippa Parmiter
philippa.parmiter @sccs.org.uk

https://www.ccusnetwork.eu/knowledge-hub/thematic-reports
https://www.newestccus.eu/
https://snzr.co.uk/


This project is financed by the European Commission under service contract No ENER/C2/2017-65/SI2.793333.

Thank you!

@ccusnetwork
www.ccusnetwork.eu



This project is financed by the European Commission under 
service contract No ENER/C2/2017-65/SI2.793333.


