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Source: IPCC 2018, Global warming of 1.5 ºC

Mitigation and/or carbon dioxide removal ?

- Reduction: Too little to late 
to meet less than 2 ºC 
climate goal

- Extensive emission 
reduction from some 
sectors difficult – like 
agriculture

- Likely ‘overshoot’ situation



• Studies: 2 °C target difficult without Negative Emission Technologies (NETs).

• NET impact the ‘carbon budget’

• Both BECCS and DAC depend on CCS

• Biomass essential for BECCS, forestation and biochar

• Why so little NET?:
* Decision makers don’t understand or trust science?
* Expensive.
* Need long-term government support.
* Climate policy is uncertain.
* Uncertain need for NET?
* Sufficient with carbon-free technologies (sun, wind, etc..)
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Huge carbon gap - need Negative Emission Technologies 
(NET)?



• “… conserve and enhance, as appropriate, sinks and reservoirs of greenhouse 
gases …”. Paris Agreement Article 5.1

• Reporting of actions under Nationally Determined Contributions

• International mitigation: Internationally Transferred Mitigation Outcomes; Article 
6.2. Emission Mitigation Mechanism; Article 6.4

• Use experience from CDM: Balance between ‘perfect’/expensive and 
efficient/operational/realistic

• After Glasgow COP: More mitigation/carbon collaboration/trading between indus. 
and dev. countries
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Paris Agreement
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Verdikjede for biobaserte negative utslepp:
Effektiv, berekraftig, interessant for bedrifter

Sustainable 
bioenergy 

Available land 
use

Efficient CCS

Efficient 
conversion from 

biomass to 
energy

Global climate 
regime

Incentives for 
industry



• Net CO2 removal? Losses due to production, transport, conversion, 
bioenergy use. Rebound effect from global carbon cycle

• Sustainability and land use competition: eco-system, biodiversity, 
crops; lifecycle, re-growth, carbon storage, replace fossil fuels?

• Life cycle assessment? How much include?

• CCS - Net captured and stored CO2: Realistically 90 % of CO2
captured; Monitoring of stored CO2

• Trade: CO2 transportation between countries
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Accounting negative emissions - Scalability



• Depends on handling of sinks (forests, land use) and CCS

• Difficult to handle by regional cap&trade schemes, since biomass 
included in ‘baseline’, or biomass entities excluded (e.g. EU ETS).

• Negative emissions easier to include in project-based schemes.
Clean Development Mechanism (CDM) accounting can be model, but 
BECCS should be more standardized and simpler

• Negative emissions included as ‘credits’; or ‘net-back’ - subtracted 
from positive emissions in a broad emissions portfolio
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Market mechanisms alignment
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Huge gap between need for CO2 removals and policy 
making

• CDR policy development in nine OECD cases

• The UK: proactive CDR policies; Sweden: most advanced CDR 
policy;
Norway: CCS entrepreneur

• EU is developing CO2 removal certification scheme for next year

• Not much policies and regulations established:
Accounting
Rewarding
Paris Agreement alignment

• E. g. CDR not aligned with EU’s emissions trading system

• Skepticism due to:
* ‘Moral hazard’
* Assumption of ‘neutral’ biomass
* Land use and sustainability
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CO2-fjerning frå anlegg for avfallsforbrenning

CO2 capture pilot at Fortum Oslo Varme AS, 
Klemetsrud

Staten vil finansiere CCS for 
Norcem/sement/Brevik.

Siste: Kostnadsauke 912 
mill. Kven betale?

Staten finansiere 50% av 
CCS ved Fortum Oslo 
Varme – på vilkår av at dei 
skaffar resten av 
finansieringa sjølv.

Siste: Avslag frå EU sitt 
innovasjonsfond (søkte 1,8 
mrd. NOK).

Avfallsforbrenning ‘lågt-hengande frukt’ for 
negative utslepp?

Fjerne avfall, hindre metan, produsere fjernvarme 
og kraft, fjerne fossilt karbon, negative utslepp frå 
biogent karbon) 

Rundt 500 anlegg i Europa åleine.
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Forretningsmodellar for negative utslepp frå 
avfallsforbrenning

Business models

 Increased waste fee

 Certificates for negative emissions

 Government guaranteed price
(‘Contracts for difference’)

 Government tax credit
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Eksempel: Fortum Oslo Varme AS
– Auka gebyr på avfallshandtering

Rekneeksempelet byggjer på:

• 200 ktonn biogent avfall; 200 
ktonn fossil avfall.

• Investeringskostnad 
karbonfangst 4,5 mrd.

• Driftskostnad 230 mill./år.
• Nettoverdien av kostnader over 

25 års periode.
• Avfallsgebyr for i snitt 400 liters 

søppeldunk for hushald og 
bedrifter.

• Diskontering på 2 til 5 %.
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Ekstra



• BECCS cost 70–250 USD/ton CO2. EU ETS (Futures): 68 Euro/tonCO2 17 
Nov. 2021.

• Also significant risks for industry in BECCS investments.

• Substantial, early government support: Enabling framework and money.

• Support later reduced if carbon price picks up, and learning reduces cost.

• Removal not same as avoided emissions.

• Discounting due to carbon cycle interaction?

• Additional value to BECCS in case of ‘overshoot’ situation?
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Rewarding BECCS
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