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Abstract 
Large-scale deployment of Carbon Capture and Storage (CCS) will likely be necessary by 

mid-century to limit warming to 1.5°C, yet deployment of a CO2 storage industry remains 

anemic. A CCS Certificate Scheme requiring extractors of fossil carbon to sequester a small 

but increasing fraction of the carbon they extract has been proposed as a means of 

jumpstarting an industry-funded, competitive CO2 disposal industry. We model the direct 

costs of CCS Certificates for Norway, a net fossil carbon exporter, finding that a 1.5°C-

compliant sequestration pathway could be achieved at a cost of 3-13% of cumulative 

expected fossil fuel profits over the 2020-2045 period. Stakeholder interviews revealed 

centers of support for and opposition to the policy and key policy design considerations. 

CCS Certificates are shown to be a viable supply-side policy for Norway to incentivize a 

first-of-its-kind industry, and ensure that any continued extraction of petroleum resources is 

compatible with a 1.5°C target.  
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Chapter 1: Introduction 

How can a fossil fuel-producing nation credibly act to limit warming below Paris Agreement 

targets as the global carbon budget dwindles, and in the absence of a legally-binding 

international climate agreement?  

The world’s nations increasingly recognize the need to reach global net-zero emissions by 

mid-century in order to meet the long-term temperature goals of the Paris Agreement. 

Warming has surpassed 1.1°C above a preindustrial baseline and will reach 1.5°C by the 

early 2040s if the current rate of warming is sustained (Haustein et al., 2017). Temperatures 

will only stabilize once global net emissions of greenhouse gasses (GHGs) reach and 

remain at or below zero. The 1.5°C Special Report released by the Intergovernmental Panel 

on Climate Change (IPCC) refocused attention on the importance of Carbon Dioxide 

Removal (CDR), Carbon Capture & Storage (CCS), and Negative Emissions Technologies 

(NETs) for achieving this net-zero emissions goal (Masson-Delmotte et al., 2018). Three of 

the four representative emissions pathways presented require very large volumes of CDR 

and CCS, and eventually NETs paired with CCS, to provide a high probability of staying 

under the 1.5°C threshold. Largescale deployment of CCS to meet this need is modeled as 

beginning in the 2020s. 

Yet few full-scale CCS projects have been deployed to-date. CCS remains costly relative to 

other CO2-mitigating options, and carbon prices on the European Union Emissions Trading 

Scheme (EU-ETS) will likely remain too low to drive fully commercial-motivated investment 

in CCS for some time. However, for many carbon-intensive industries, especially those with 

process emissions, CCS may be among very few technically-feasible means of abating, and 

high abatement costs are therefore justified (Vogt-Schilb et al., 2018). Furthermore, the 

sooner CCS projects start getting built at scale, the sooner costs will fall, following the path 

blazed by previous technologies. Demand-side carbon pricing is insufficient to meet the 

climate challenge alone, and new, ambitious policy interventions are necessary to 

accelerate the development of CCS.  

One proposal is a CCS Certificate Scheme (Allen et al., 2015), based on an earlier call to 

directly tie fossil fuel extraction to mandated sequestration (Allen et al., 2009). The scheme 

would require all fossil fuel extractors or importers in a given jurisdiction to obtain certificates 

proving geologic storage of a volume of CO2 equivalent to a small but growing percentage 

of the CO2 content of the fuel they extract or import. Just as cap-and-trade schemes for 

downstream CO2 emissions require participants to procure emissions allowances, a CCS 
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Certificate Scheme for upstream carbon extraction requires participants to either generate 

storage certificates themselves, or buy them from another verified sequesterer.  

Case studies of the costs of and barriers to implementing CCS Certificates Schemes are 

lacking. This study applies the CCS Certificates policy concept to the case of Norway, a net 

fossil fuel exporter with ambitious climate goals, broad public acceptance of CCS, and a 

large offshore oil & gas industry that is well-equipped to store CO2 offshore. 

1.1 Objectives and Theoretical Motivation 
CCS Certificates constitute a supply-side intervention that places conditions on the 

extraction of fossil carbon. This imposes new costs, in some ways analogous to a production 

tax, which must be borne by some combination of the fossil fuel industry, the government, 

the public, and perhaps others. CCS Certificates, like other supply-side climate measures 

(see (Lazarus et al., 2015) for an overview) is also a departure from the status quo of 

demand-side climate policy. Support, opposition, and concerns of key stakeholders 

(government, oil and gas industry, the public, etc.) are relatively uncharted. This project 

therefore aims to build an understanding of the viability of CCS Certificates in Norway as a 

policy instrument to advance CCS. As secondary objectives, the study also aims to inform 

an ongoing political discussion in Norway on the optimal way to promote CCS, and to identify 

generalizable improvements to the policy design of CCS Certificates beyond Norway. 

 

The theoretical motivation for this project is rooted in second-best theory, an explicit 

acknowledgment that myopically attacking one market failure at a time may make things 

worse, and that real world constraints often preclude us from deploying optimal and efficient 

policies in isolation (Lipsey and Lancaster, 1957). Deploying economists’ idealized policy 

instruments is rarely as clean and efficient as we would like. Instead, policy instruments are 

combined and mixed or applied to problems they were not intended to solve (Bennear and 

Stavins, 2007). In attempting to combat climate change with almost exclusively downstream 

policies, domestic and international policymakers miss out on these complementary 

interactions, and an entire toolbox of upstream policies (Asheim et al., 2019; Green and 

Denniss, 2018; Lazarus et al., 2015). A CCS Certificates scheme is first and foremost a way 

to motivate the rapid scale-up of CO2 storage, but it also offers a complement to demand-

side climate policy that could improve our chances of credibly enforcing a pathway to net-

zero emissions in a second-best world. 
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1.2 Research Questions 
This study takes a staged approach to assessing the viability of a CCS-Certificate scheme 

for Norway. First, we model combined scenarios of warming pathways, forecasted oil and 

gas production on the Norwegian Continental Shelf (NCS), and CCS costs to answer the 

question: 

 

1. What would be the direct costs of Norway adopting a CCS Certificate scheme?  

 

Second, we draw insights from key-informant interviews with CCS stakeholders in Norway 

across multiple sectors, including government, oil & gas, carbon-intensive industries, 

academia, and the social sector, to answer a complementary question: 

 

2. What do key stakeholders perceive as the strengths, weaknesses, and barriers to a 

CCS Certificate Scheme for Norway? 

 

This study takes a mixed quantitative and qualitative approach to answering the above 

questions. Chapter 2 provides background and a review of relevant literature. Chapter 3 

describes the mixed methods employed in the research. Quantitative and qualitative results 

are presented and discussed in Chapters 4 and 5 respectively, followed by concluding 

remarks in Chapter 6. 

 

Chapter 2: Literature Review & Background 
This study focuses on CCS Certificates, a policy concept which links sequestration to the 

production of fossil fuels in order to foster the growth of a commercial CO2 storage industry. 

We first present the global case for CCS, the mechanics of CCS Certificates, and the unique 

context of Norway’s petroleum industry, public finances, and CCS. Next, we review literature 

on natural resource economics and supply-side climate policy before turning to a review of 

the Research Methods. 

 

2.1 The Case for CCS 
Results from Integrated Assessment Models (IAMs) in the IPCC 1.5°C Special Report show 

four emissions pathways (Figure 1) to keep warming below 1.5°C, three of which require 

large volumes of CO2 storage. The relative volumes of CCS applied to hard-to-decarbonize 

industries (e.g. steel, cement), power generation (e.g. coal and natural gas with CCS), or 

Bioenergy with CCS (BECCS, a form of negative emissions) vary among the different 
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scenarios, reflecting uncertainty about future costs and competition with other decarbonizing 

technologies. However, regardless of the future mix of CO2 sources, the common element 

is the need for an open-source, flexible CO2 storage capture, transport, and storage 

industry. The upper bound of the projected need for cumulative storage of CO2 by 2050 is 

300 gigatons (GtCO2), at which time the rate of CCS from industry alone (cement, steel, 

etc.) could be as high as 3 GtCO2/year (Rogelj et al., 2018). 

 
Figure 1 – Illustrative emissions pathways to stay below 1.5°C, excerpted from Figure SPM.3b of the 
IPCC Special Report on 1.5°C (Masson-Delmotte et al., 2018). The only scenario without CCS, P1, 
makes ambitious assumptions about global energy demand (15% below 2010 by 2030) and emissions 
(peaking as early as 2020, 58% below 2010 by 2030) while assuming that living standards continue to 
rise in the global South. P2, P3, and P4 require cumulative storage of 348, 687, and 1,128 GtCO2 
respectively by 2100, which is equivalent to 11, 21, and 35 years’ worth of the 2017 global emissions 
rate. Note that CCS on fossil fuel installations and industry is part of the reduction of emissions in gray 
and not shown separately. Negative emissions (yellow) are assumed to be BECCS, but could come from 
any form of air capture. Note that in all pathways, the maximum rate of abatement appears to be roughly 
2 GtCO2/year, per year, therefore delaying the year in which emissions peak equivalently delays the net-
zero date, and requires scrubbing those 2 GtCO2 from the atmosphere later in the century. 

Compared to this massive requirement, woefully few full-scale CCS projects have been built 

(see Figure 2). As of 2019, there are only 20 large, post-pilot projects in operation with 

collective capacity of 34 million metric tons CO2 per year (MtCO2/yr), and less than 500 

MtCO2 cumulatively stored to-date (Global CCS Institute, 2018). 
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Figure 2 - Global deployment of large-scale CCS projects by installed capacity and cumulative amount 
of CO2 sequestered to-date. “Large-scale” is defined as >800k tCO2/year for coal and >400k tCO2/year 
for emissions-intensive industrial plants. Projections (dotted lines) are based on estimated dates of 
completion of in-development projects. Data were taken from the Global CCS Institute’s “Facilities 
Database” (Global CCS Institute, 2018). 

CCS costs remain high relative to prevailing CO2 prices, so justifying immediate investment 

in CCS must be motivated not by marginal abatement costs but by the known future need, 

expectation that costs will drop as installed capacity increases according to an experience 

or learning curve (Rubin et al., 2006), and knowledge that there are physical limits to the 

rate of buildout of new energy technologies (Kramer and Haigh, 2009). The CCS 

deployment rate required by IAMs may unreasonably exceed deployment rates of past 

energy technologies, further highlighting the need to start sooner (Torvanger et al., 2013). 

Recent work has shown that investment schedules that strictly adhere to marginal 

abatement cost curves can be inefficient (Vogt-Schilb et al., 2018). Sustained investment in 

expensive abatement first (e.g. $50/tCO2 for heavy industry), even when higher than the 

carbon price, may be preferable to cheaper abatement (e.g. $25/tCO2 for buildings) if the 

former has higher overall potential and less opportunity for future reductions in costs. 

Regardless, like solar and wind before it, CCS needs early direct government support 

followed by additional policy support schemes until the levelized cost of avoided CO2 

reaches parity with the CO2 price (Figure 3). 
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Figure 3 – Cost of CCS vs. CO2 price. The figure, adapted from the 2013 ZERO report on CCS policy 
incentives (Stub et al. 2013), shows a stylized depiction of CO2 price vs. CCS cost over time. While the 
CO2 price remains below the per ton cost of CCS, additional policy interventions are required to bridge 
the gap and spur CCS deployment. At t*, CCS costs reach parity with the CO2 price and CCS projects 
can thereafter proceed on a fully commercial basis, at which point some or all incentivizing policies can 
be phased out. 

Policies to bring CCS toward commercial viability can target different segments of the CO2 

value chain, from upstream extractors, to refiners and distributors, to carbon-intensive 

industry (e.g. aviation, industrial sector), to downstream consumers. (Krahé et al., 2013) 

identifies five market failures for CCS and makes the case that we should target each one 

with an individual policy instrument. Second-best theory suggests it may be necessary to 

use multiple policy instruments to attack multiple market failures simultaneously. We 

assume that the “unpriced carbon” externality, which is a key motivator for CCS, will 

continue to be primarily addressed through existing frameworks like the EU-ETS, but that 

additional complementary policies must be implemented to get CCS on track. Examples of 

policy instruments well-tailored to support CCS include direct subsidies, tax credits (e.g. 

45Q program in the US), emission performance standards (e.g. the CCS Protocol of 

California’s Low-Carbon Fuel Standard), public procurement rules, feed-in tariffs, and a 

CCS obligation with tradeable certificates. These and other policy concepts are described 

and compared in (Court and Lane, 2018; Gjerset, 2013; Stub et al., 2019). We turn now to 

the CCS Certificates policy concept to be evaluated in the Norwegian context. 
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2.2 CCS Certificates 
A CCS Certificate scheme starts with an obligation placed on producers and importers of 

fossil fuels within a jurisdiction to sequester, or pay another party to sequester, a portion of 

the CO2 content of that fuel. This percentage, the “Sequestered Fraction”, starts small but 

increases predictably in line with warming, approaching 100% when the average global 

temperature anomaly reaches an agreed upon target (e.g. 1.5-2°C). Each ton of 

sequestered CO2 that is certified according to a set of standards (e.g. permitted leakage 

rate, duration of liability, type of storage site, etc.) generates a Certificate which can be 

traded among liable fossil fuel extractors, thereby incentivizing competition for least-cost 

storage to comply with a predictably escalating Sequestration Fraction. Advantages of this 

approach include: i) no direct taxpayer subsidy, price support mechanisms, or taxes, ii) CCS 

deployment is encouraged among fossil fuel operators who have the requisite expertise and 

resources, iii) the regulatory burden is light because the data required to implement the 

scheme is already collected, and iv) the costs of CCS are concentrated upstream at the 

point of production. See (Allen et al., 2009) for the original proposal linking fossil fuel 

extraction with sequestration, and (Allen et al., 2015) for a specific proposal for CCS 

Certificates in the UK.  

 

Figure 4 shows a stylized depiction of CCS Certificates in action. Note that a country 

unilaterally adopting a CCS Certificates schedule compliant with a 1.5°C target follows a 

similar sequestered fraction pathway from 2020 to 2030 regardless of whether they exist in 

a cooperative (green line) or non-cooperative (blue line) world. In other words, a first-mover 

could implement this policy and be confident that they aren’t enabling free riders for the first 

decade or so, and reassess once they reach a point in time at which the sequestered fraction 

diverges depending on levels of warming. 
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Figure 4 – Stylized depiction of the relationship between warming at a global scale (a), and the required 
rates of net emissions from extracted and imported fossil carbon (b) and sequestration (c) for a country 
which has unilaterally implemented a CCS Certificates Scheme to meet the 1.5°C (blue and green lines) 
or 2.0°C temperature target (purple line). Three temperature pathway-temperature target pairings are 
presented. Blue lines show a scenario in which the country with CCS Certificates sequesters according 
to a 1.5°C temperature target, but there is no global climate cooperation and warming progresses linearly, 
eventually surpassing 1.5°C. Net emissions must go strongly negative (i.e. sequestration rate above 
100%) for the CCS Certificates country to stick to the logic of the geophysically-driven sequestered 
fraction, which becomes increasingly unreasonable in an uncooperating world. Green lines show the 
CCS Certificates country again sequestering for a 1.5°C target, but this time with successful global 
climate cooperation that slows warming such that the temperature anomaly quadratically approaches 
and does not surpass 1.5°C. Purple lines show the CCS Certificates country pursuing a 2.0°C target, 
with global cooperation leading to a quadratic approach of 2.0°C. Net emissions are depicted with 
arbitrary units indexed to a starting value of 100. Sequestration rate is a percentage of the extracted and 
imported fossil fuels into the country, effectively the reciprocal of net emissions. (d) shows the declining 
(increasing) pathway of emissions (sequestration) compatible with 1.5°C (dark grey line) and 2.0°C 
(purple line) warming thresholds. 

In its simplest form, a CCS Certificates Scheme is agnostic to the source of the CO2 that is 

stored to generate certificates. A fossil fuel company could obtain CO2 from its own point 

sources (e.g. sour gas fields, LNG-processing facilities, refineries), procure it from others 

(e.g. enter long-term CO2 supply contracts with industrial facilities that have invested in 

capture), or develop new sources (e.g. separating natural gas into saleable “blue” hydrogen 

and CO2, and geologically storing the latter). Future policy iterations could expand and 

adjust the scheme in several ways: 

1) Geographically – Just as the UK ETS paved the way for the EU ETS, a CCS 

Certificates Scheme applied initially to Norway could later form the basis of a policy 

for a larger region. 
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2) Industry – CCS Certificates apply initially to the fossil fuel industry only, but could be 

expanded to include industries with process emissions from geologically inert carbon 

(cement), and eventually all embedded emissions. 

3) CO2 Sources – Specific sources (e.g. CO2 from blue H2 production) could be omitted 

or encouraged with portfolio standards, much as Renewable Portfolio Standards 

establish levels for wind and solar in the energy mix of various US states.  

 

2.3 Norway – Context and Background 
Having reviewed the case for CCS support policies and the basics of CCS Certificates, the 

section below offers background on Norway’s emissions, petroleum industry and associated 

fiscal policy, and history with CCS. 

 

2.3.1 Norway’s Emissions 
Norway’s direct CO2 emissions (Figure 5) grew slightly from 1990 to 2018, and Norway will 

therefore meet its target of 30% reduction by 2020 from 1990 levels primarily by purchasing 

international carbon offsets. Unlike most countries, Norway has almost zero electricity 

generation emissions due to its 98% hydroelectric fleet. Recent efforts to electrify private 

transportation through generous Electric Vehicle (EV) tax benefits are meeting with success 

(most new cars sold in Norway are now electric), so transport emissions are likely to begin 

dropping. Norway is subject to both the EU-ETS and its own carbon tax. Meanwhile, the 

embedded carbon in the fossil fuels extracted from the Norwegian Continental Shelf, almost 

all of which are exported (e.g. 96% in 2016), has increased dramatically from 320 to 515 

MTCO2e over the same period. In other words, Norway exports products that, when 

combusted, emit ten times more CO2 than Norway’s entire domestic emissions combined. 

For a prospective CCS Certificate Scheme, CO2 would need to be imported from other 

countries for storage given the dearth of domestic point sources in Norway. 
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Figure 5 – Norway’s direct CO2 emissions by sector (shaded regions) and the embedded CO2 equivalent 
in extracted fossil fuels (dotted line) from 1990 to 2018. Note the increase in oil and gas recovery 
emissions is a result of increasing production; the emissions intensity of fossil fuel production om a per 
tCO2 basis has remained relatively flat. Data sources: (Norsk Petroleum, 2019; Statistics Norway, 2019) 

 

2.3.2 Norway’s Oil & Gas Industry and Fiscal Policy 

Norway produces 2% of global crude oil and is the second largest exporter of natural gas in 

the world (after Russia). In addition to bringing massive per capita revenues to a population 

of only 5.3 million, the Norwegian oil and gas sector directly employs more than 43,000 

people and directly or indirectly supports more than 200,000 livelihoods, making it the core 

of the economy (Norwegian Ministry of Petroleum & Energy, 2011). The Norwegian 

approach to managing its vast mineral wealth is unique. Having witnessed the distortionary 

effect of windfall revenues from natural gas on the Dutch economy in the 1960s, the dreaded 

“Dutch Disease” (Corden, 1984), Norway instituted a system whereby the vast majority of 

oil and gas profits would flow into a cordoned sovereign wealth fund (“Government Pension 

Fund – Global”), now the largest in the world with over $1 trillion in assets. According to the 

“Fiscal Policy Rule”, only 4% of the fund’s value may be withdrawn each year to cover the 

government’s budget shortfall, a threshold which seeks to mirror the expected returns to the 

fund (Bjerkholt and Niculescu, 2004). In other words, Norway first transforms mineral wealth 
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into financial wealth, then allows only the dividends from that financial wealth to flow into the 

economy. This protects the principal of the fund from declining (except by losses in the 

financial markets) and has for the most part protected the Norwegian economy from the 

worst effects of dependence on a depletable resource, though there is evidence that some 

of the government’s saving is offset by increased private sector spending, a form of weak 

Ricardian equivalence (Mohn, 2016). 

 

Government oil revenues are highly volatile according to prevailing oil and gas prices (see 

Figure 6). However, due to the Fiscal Policy Rule government spending is in theory 

independent of this volatility so a large welfare state can theoretically be sustained 

indefinitely. 

 

 
Figure 6 – Norwegian government cash flows from the petroleum sector (includes oil, gas, NGLs, and all 
other petroleum products) by source of funds. This cash flow does not directly enter the Norwegian 
economy but flows instead into the Government Pension Fund – Global. Taxes on petroleum revenues 
are 78% (23% ordinary corporate tax plus a 55% “special tax” levied only on offshore oil & gas activities). 
SDFI is the “State Direct Financial Interest”, the Norwegian government’s direct equity stake in a large 
set of oil and gas fields. The Equinor dividend is the government’s 67% share of any profits that Equinor 
decides to dividend to shareholders rather than reinvest. Environmental taxes include Norway’s carbon 
tax, which varies by sector but is currently ~$50/tCO2 for petroleum activities. This carbon tax is levied 
on direct emissions from extraction, on top of EUAs that fossil fuel companies must purchase under the 
EU-ETS. Also shown is the average Brent Crude Oil price (dotted line), which is highly correlated with 
revenues. Data sources: (Norsk Petroleum, 2019; U.S. Energy Information Administration, 2019) 

 

2.3.3 CCS in Norway 

CCS has enjoyed high levels of interest and support in Norway since the early 1990s. 

Norwegian interest in CCS stems from a combination of favorable geologic storage sites, a 

desire to make use of the oil and gas industry’s subsurface and offshore expertise in a 
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possible “green transition”, and a desire to safeguard future use of the nation’s vast natural 

gas reserves if and when stringent global climate rules come into effect. Visions for CCS in 

Norway have gone through three distinct phases.  

 

The first phase followed the introduction of an aggressive domestic carbon tax in 1991. The 

promise of CCS as an abatement measure that could make Norway a technology leader 

may have had a role in convincing politicians to approve the tax over opposition from the oil 

and gas industry (Tjernshaugen, 2011). The tax incentivized the petroleum sector to seek 

lowest-cost abatement measures, among them reinjecting CO2 from the Sleipner gas field 

where the high-CO2 content of the natural gas already required separation before sale. 

Statoil completed the Sleipner CO2 reinjection project in 1996 (1 MtCO2/year capacity), the 

first CCS project whose development was motivated primarily by climate policy (previous 

CO2 capture projects were used for Enhanced Oil Recovery). Some authors have noted the 

disconnect between Norway’s focus on global cost-effectiveness for mitigating emissions 

(i.e. favoring international trading schemes that allow high-emissions societies to pay for 

cheaper marginal abatement in other countries) and the strategic focus on CCS and other 

high-cost domestic abatement measures (Boasson and Lahn, 2016).  

 

Second, CCS was proposed as a compromise in a political controversy beginning in the late 

1990s over whether to build natural gas plants in Norway, when most existing power 

generation was hydroelectric and therefore nearly emissions-free. Natural gas plants were 

provisionally approved on the condition that they equip CO2 capture, but the conditions 

imposed made the projects uneconomical. Three natural gas power plants were later built, 

at least one of which (at Mongstad) was intended to be equipped with CO2 capture, but as 

of 2019 none are in regular operation due to unfavorable economics unrelated to CCS. In 

2006, former Prime Minister Jens Stoltenberg famously described CCS as Norway’s “moon 

landing project”, which created political baggage after the vision of CO2 capture-equipped 

natural gas power plants was ultimately abandoned in 2013 (Haarstad and Rusten, 2016). 

 

Third and finally, the 2013 Sunvolden political platform laid out a new vision for CCS in 

Norway, committing to build “at least one full-scale carbon capture demonstration plant by 

2020” (Høgre & FrP, 2013). This evolved into a proposal to create a full-chain CCS system 

in Norway with domestic capture sites, transport by ship, and offshore injection by a newly 

formed storage-as-a-service consortium (“Northern Lights”, a partnership of Equinor, Shell, 

and Total). A direct subsidy from the Norwegian government of perhaps as much as 75% 

of the over $2 billion estimated cost is under consideration, with a decision scheduled for 
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Fall 2020. Table 1 summarizes available information on the Norwegian full-scale CCS 

project. 

  Cost (million $) Details 

Proposed Capture 

Sites and Costs 

$310-350 CAPEX per site 

$16-19/year OPEX per site 

1) Klemetsrud waste recovery 

(400,000 tCO2/year) 

2) Norcem Brevik cement factory 

(400,000 tCO2/year) 

Estimated Transport 

& Storage Costs 

$1,470 for all infrastructure 

and OPEX over 5 years 

Initial injection capacity of 1.5 MtCO2/year, 

extendable to 5 MtCO2/year with incremental 

investment 

Total Cost $2,300  

Levelized Cost $200-300 /tCO2 

Per unit cost depends highly on the 

percentage of injection capacity (both the 

initial 1.5 and the extendable 5) that is filled. 

Assumes 10 years of capture, so marginal 

costs could drop closer to $100/tCO2 if 

extended to 20 years. 

Government 

Investment Decision  
Scheduled for Fall 2020 

1st Year of Operation Anticipated in 2023 

Table 1 – Summary of key characteristics of Norway’s “Full Scale CCS” project, which may receive 
significant government subsidy contingent on the outcome of feasibility studies and a planned political 
decision in late 2020. Note that cost estimates were provided by members of Norway’s Ministry of 
Petroleum and Energy on an informal basis, and constitute very preliminary estimates from a soon-to-
be-updated feasibility study (in Norwegian). They are likely to change shortly after the publication of this 
study. Levelized costs of avoided CO2 are very high due to the fact that the transport and storage 
infrastructure (liquefaction and intermediate storage facilities, ships, pipeline to offshore injection site, 
injection well) is first-of-its-kind and deliberately “over built” for more than the 0.8 MtCO2 available from 
the first two Norwegian capture sites. Expanding the volume of procured CO2 to 1.5 and eventually 5 
MtCO2 will require incremental investment, but may dramatically reduce the per-ton, full-chain CCS costs 
due to economies of scale. Capture sites and the members of the Northern Lights coalition will be 
expected to pay around 25% of the total costs. For Norcem Brevik, investment can be recovered by 
monetizing a reduced EUA requirement and charging a premium for “green cement”. For Klemetsrud, 
funds can be recovered via an increased waste fee paid by consumers. 

Northern Lights is actively negotiating CO2 supply agreements with European facilities, 

hoping to take, transport, and bury CO2 from industrial emitters like cement factories, waste-

to-energy incinerators, steel mills, and chemical producers (Norwegian Ministry of 

Petroleum & Energy, 2011). The Norwegian oil and gas industry is also exploring producing 

hydrogen from natural gas and geologically storing the associated CO2. If demand for so-

called blue hydrogen can be stimulated, perhaps by European governments retrofitting their 

existing natural gas infrastructure, this could create a massive low-carbon opportunity for 

Norway and safeguard the future low-carbon use of its natural gas reserves. Under a CCS 
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Certificates scheme blue hydrogen would provide a large source of cheap CO2 to satisfy the 

Sequestered Fraction. 

 

Norway’s full-scale project is the culmination of three decades of Norwegian research and 

hands-on experience with CCS. If completed, it will be a first-of-its-kind full-chain CCS 

demonstration, a manifestation of Norway’s desire to be a CCS leader, monetize the storage 

potential of the NCS, find new uses for its offshore and subsurface expertise, and share 

CCS learnings and cost savings with the world as a contribution to combatting climate 

change. 

 

2.4 Natural Resource Economics 
With the above political and economic context in mind, we turn to the theory that underpins 

Norway’s management of its depletable petroleum reserves, and related literature on 

climate policies that target upstream fossil fuel production. 

 

Early work established that the owner of an exhaustible resource will act to maximize the 

present value of the remaining pool of resources by varying their extraction schedule (Gray, 

1914). Hotelling refined and formalized this concept with his eponymous rule, which states 

that the royalty from marginal extraction of a depletable resource must grow at the prevailing 

interest rate (Hotelling, 1931). If it did not, the owner would shift the pathway of extraction 

to maximize net present value, either producing more sooner or delaying production. For 

example, Norway manages NCS licensing through a Petroleum Directorate which can 

enforce higher or lower production on specific fields. Because the government uses a lower 

discount rate than the private companies who operate the platforms, the effect is to draw 

out production over a longer time horizon than might otherwise occur. 

 

Hotelling considered several other questions, reviewed and expanded on in (Devarajan and 

Fisher, 1981). Notably, he showed that extractors react differently to an unanticipated tax 

on the value of an extractable resource than to an anticipated tax on the profits of extraction. 

The former is essentially a one-time expropriation of value from the asset owner to the 

government. In the latter case however, extractors simply incorporate the anticipated tax 

rate into their internal interest rate. If they believe that taxes or regulations will become more 

stringent (perhaps motivated by climate policy) they may accelerate conversion of mineral 

wealth into financial wealth while the taxes are still low. This is at the heart of the so-called 

“Green Paradox”, the claim that escalating climate policies may be counterproductive 

because they act as announced expropriations that oil companies can plan against (Sinn, 
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2012). Others have critiqued the Green Paradox, pointing out that it would only occur if the 

rate at which a carbon tax ratchets exceeds a producer’s internal discount rate (Edenhofer 

and Kalkuhl, 2011). The Green Paradox is less likely to occur as a result of supply-side 

restrictions because these policies can target the more costly, already-marginal resource 

reserves first (Hoel, 2014). 

 

Heal & Schlenker 2019 takes Hotelling’s suggestion of intertemporal substitution to its 

extreme, showing that insufficiently high carbon taxes only delay the production and 

consumption of fossil fuels without affecting cumulative extraction. While coal can be made 

unburnable with modest carbon taxes, only very high carbon taxes will successfully knock 

marginal oil reserves out of the market (e.g. in their analysis, a $100 carbon tax only 

decreases cumulative oil consumption by 1.6%) (Heal and Schlenker, 2019). This strongly 

suggests that existing demand-side policies like the EU-ETS will not be enough to prevent 

exhaustion of a 1.5 or 2°C carbon budget. A CCS Certificate mandate is one way to prevent 

this intertemporal leakage, ensuring that the carbon content of the oil and gas extracted is 

offset according to progress toward a temperature target. Production will continue as long 

as the total cost of mandated sequestration is less than the total royalty. This is akin to a 

production tax, but instead of raising revenue the government guarantees that sufficient 

sequestration occurs to offset the embedded carbon content of extracted petroleum, 

meanwhile spurring the creation of a profitable CCS industry. 

 

In the absence of globally uniform climate policies, firms also have the choice of shifting 

operations to more favorable regulatory regimes, causing geographic carbon leakage 

(Felder and Rutherford, 1993). Reduced production in one country causes commodity prices 

to increase, motivating the development of previously unprofitable reserves elsewhere. This 

is a common argument against constraining production, but this free-rider effect also results 

from reduced demand. The relevant question is whether a greater portion of a one-ton 

suppression of supply is eroded by leakage than an equivalent one-ton suppression of 

demand, and which is therefore more cost effective after taking leakage into account. One 

analysis found that regulating CO2 emissions at the wellhead or refinery is likely more 

efficient and less susceptible to carbon leakage than demand-side policies (Davis et al., 

2011). Hagem 1994 asked this question for Norway, finding lower leakage rates from 

reducing supply. Fæhn et al., 2017 updated the analysis and concluded that to achieve a 

fixed 5 million tCO2 global emissions reduction, Norway’s cost-effective mix would be 66% 

supply-side (using a $50/tCO2 production tax) and 34% demand-side (using a $227/tCO2 

consumption tax on sectors of the Norwegian economy still outside the EU-ETS). In a CCS 
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Certificates Scheme, the total cost of all sequestration divided by the total units of fossil 

carbon extracted is directly comparable to a production tax on extracted fossil fuel. 

 

Supply-side interventions, including removing fossil fuel subsidies, taxing production, 

retiring assets, and mandating levels of sequestration according to production (CCS 

Certificates) can be equally or more efficient than demand-side interventions (Asheim et al., 

2019). Lazarus et al. 2015 catalogues and compares the available supply-side measures 

and their advantages (Lazarus et al., 2015), and Green and Denniss 2018 describe the 

political (e.g. improved ability to rally public support) and economic (e.g. low administrative 

costs, higher abatement certainty) advantages of supply-side policies (Green and Denniss, 

2018).  

Chapter 3: Methods 
This Chapter lays out the mixed quantitative and qualitative methods used to analyze the 

viability of a CCS Certificate Scheme for Norway. The research was sequenced as follows:  

• An initial evaluation of the direct costs of the proposed CCS Certificate Scheme for 

Norway – both in terms of NCS petroleum production unit economics and on public 

finance – was completed.  

• Key informants in Norway were interviewed over July and August 2019 to elicit their 

perspectives on the policy. These qualitative results were used to refine the 

conclusions from the quantitative analysis and reveal key themes, critiques, and 

perceived barriers to adoption of a CCS Certificate Scheme in Norway. 

• Building off insights from a thematic analysis of the qualitative results, the quantitative 

analysis was expanded to address the key question of how costs for full-chain CCS 

could be shared under a proposed CCS Certificate Scheme. 

 

3.1 Quantitative Methods 
To assess the direct costs1 of a CCS Certificate Scheme for Norway, a simple model2 was 

built to simulate Norway’s projected balance of petroleum extraction versus CO2 

sequestration. Data on Norwegian and EU emissions and oil and gas production projections 

were collated, cleaned, and integrated into the model. Data sources are summarized below 

in Table 2. Inputs to the model include:  

 
1 Note that the model does not contemplate indirect costs of implementing the policy, for example currency 

and other macroeconomic effects 

2 Excel file available on request 
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o Warming scenarios, which control the evolution of the Sequestered Fraction 

o Historical and projected oil and gas production, revenue, production costs, CO2 

content of fuels, and prices 

o Assumptions of costs of capture, transport, and storage of CO2 tailored to the EU-

Norwegian context 

o Assumptions to approximate the NCS offshore tax regime 

 

Table 2 – Data Sources for Economic Model of Norway’s Fossil Fuel Extraction & Sequestration  

Data Unit Year(s) Source 

Geophysical Data 

Global Temperature 

Anomaly  

°C above 1850-

1879 

preindustrial 

reference period 

2017 (Haustein et al., 2017) 

Warming Rate °C / year 2017 (Haustein et al., 2017) 

Oil & Gas Production Data 

Norway Oil & Gas 

Production 

Volumes, 

Revenues, & Costs 

Million standard 

cubic meter (Sm3) 

oil equivalent  

(later converted 

into tCO2 terms) 

1971-2018 (historical) 

2019-2030 (official 

projections) 

2030-2040 (official 

projections from 2010) 

(Norsk Petroleum, 2019) 

Emissions Data 

Norway Emissions 

(by Sector) 
Million tCO2 / year 1990-2018 (Statistics Norway, 2019) 

Verified EU-ETS 

Emissions  

(by Industry) 

Million tCO2 / year 2010-2018 
EU ETS Data Viewer 

(Gores et al., 2019) 

EU Emissions from 

Waste Recovery 

(not yet part of EU-

ETS) 

Tons of waste 2010-2016 (eurostat, 2019) 

Conversion Factors 

CO2 Content of 

Fossil Fuels 

tCO2 equivalent / 

English barrel (bbl) 

oil equivalent 

N/A 
(US EPA, 2015) 

(Norsk Petroleum, 2019)  
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CO2 and Biogenic 

Content of Treated 

Waste 

tCO2 equivalent / 

ton waste, 

average biogenic 

fraction 

N/A 
(Johnke, 2001; Lee et al., 

2018) 

Historical Currency 

Conversion 

Average monthly 

NOK / GBP / EUR 

per USD 

1971-2019 (Investing.com, 2019) 

 

3.1.1 Oil & Gas Production Schedule 

Publicly available projections from Norway’s Ministry of Petroleum and Energy and the 

Petroleum Directorate are very detailed through 2023, after which they introduce uncertainty 

by separating known reserves from discoveries from potential undiscovered resources. 

These more uncertain projections extend through 2030. Projections from 2030 to 2040 were 

only available from a 2010 publication. High and low production scenarios were constructed 

from these projections, and a median scenario between these two scenarios featuring linear 

decline to near-zero production in 2050 was used to drive the model.  

 
Figure 7 – Historical and forecast petroleum production in tCO2 equivalent terms. Norway government 
projections split future production forecasts into reserves, resources in fields, resources in undeveloped 
discoveries, and undiscovered resources. The “Low Forecast” scenario includes only known reserves 
and resources in fields, while the “High Forecast” scenario adds on undeveloped and undiscovered 
resources. The Median scenario tracks the high scenario through 2030, then declines linearly. No official 
projections go beyond 2040, so production was projected to decline linearly from 2040 to 2045 (with the 
assumption of near-zero production in 2050). 
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3.1.2 Driving the Sequestered Fraction 

Under a CCS Certificates scheme, a governing body mandates a Sequestered Fraction 

which is multiplied against a fossil fuel extractor’s production to determine the minimum 

number of storage certificates they must generate or purchase and surrender each year. 

For this study, we assume the policy initially applies only to fossil fuel extractors and 

importers3, and that the Sequestered Fraction is a function of the total equivalent fossil 

carbon they extract according to: 

𝑆 =  
𝐶𝑠

𝐶𝑒
 

Where 𝐶𝑠 is the amount of geologically sequestered CO2 and 𝐶𝑒 is the amount of CO2 

embedded in the total extracted hydrocarbons within, or imported into, a bounded region 

over a specified period of time.  

 

The global Sequestered Fraction is currently close to 0%, but must approach and ultimately 

reach 100% by the time warming reaches an internationally-agreed threshold to prevent 

further warming4. A Sequestered Adequate Fraction of Extracted Carbon (“SAFE”, see Allen 

et al., 2009) is therefore the specific case in which the Sequestered Fraction is driven by 

temperature, or equivalently by progress toward exhausting a defined carbon budget. We 

define the dependence of the Sequestered Fraction on warming according to: 

 

𝑆(𝑇) = 100% × 
(𝑇 − 𝑇0)2

(𝑇 − 𝑇𝑚𝑎𝑥)2 

 

Where 𝑇0, 𝑇, and 𝑇𝑚𝑎𝑥 (each an average annual global mean surface temperature anomaly 

relative to a 1850-1879 reference period), are the initial temperature anomaly taken from 

the UK Met Office’s HadCRUT4-CW ensemble, the anomaly in a given year, and the chosen 

 

3 Just as the EU-ETS continues to expand coverage to additional sectors, a CCS Certificates Scheme could 

start with the fossil fuel industry but later expand to other geologic sources of carbon (e.g. conversion of 

limestone to cement clinker). Cement introduces the possibility of policy overlap because the embedded CO2 

from process emissions is already included in EU-ETS-covered emissions, for which producers receive 

significant free allocation of EUAs to protect them from international competition and carbon leakage. 

4 Note that this does not take into account uncertainty in estimates of the Equilibrium Climate Sensitivity (ECS) 

(Randalls, 2010). ECS uncertainty could mean that a 100% Sequestered Fraction would be insufficient to keep 

temperatures stable, and would need to be increased beyond 100% using negative emissions in order to 

counteract ongoing warming as the climate system equilibrates to various feedbacks. 
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temperature target, respectively. We use 𝑇0 = 1.08°C as of 2017 (Haustein et al., 2017), and 

an idealized quadratic pathway to forecast future warming: 

 

𝑇(𝑡) = 𝑇0 + 𝛼𝑡 −  𝛽𝑡2 

 

Where 𝛼 is the current gradient of warming, 0.017°C/year as of 2017 (Haustein et al., 2017), 

and 𝛽 defines the shape of the curve according to:  

 

𝛽 =  
𝛼

2(𝑡𝑚𝑎𝑥 − 𝑡0) 

 

Where 𝑡0 is the start date and 𝑡𝑚𝑎𝑥 is twice as many years from the start date as the date 

the temperature target would be reached with continued linear warming. Three potential 

pathways that Norway’s required Sequestered Fraction might follow were constructed, two 

assuming that Norway is pursuing a 1.5°C target and one in which Norway pursues a 2.0°C 

target (see Table 3 and Figure 8 below). 

Pathway 
Name 

Description 
Norway’s 

Temperature 
Target 

𝜶 𝜷 
tmax 

(year Tmax 
reached) 

Linear – 

1.5°C 

Pessimistic scenario – Norway 

attempts to sequester in line with a 

1.5°C target, but global cooperation 

fails and warming reaches and 

surpasses 1.5°C linearly. 

1.5°C 0.017 0 2042 

Gradual – 

1.5°C 

Optimistic scenario – Global 

cooperation leads to declining 

emissions. Warming quadratically 

approaches 1.5°C without overshoot. 

1.5°C  0.017 0.00021 2063 

Gradual – 

2.0°C 

Alternative scenario – Norway 

attempts to sequester for a 2.0°C 

target. Global cooperation leads to 

declining emissions. Warming 

quadratically approached 2.0°C 

without overshoot. 

2.0°C 0.017 0.00009 
After 

2100 

Table 3 – Three potential pathways that Norway’s Sequestered Fraction might follow as a function of 
levels of global cooperation and emissions, and the internal temperature target that Norway’s CCS 
Certificates program adheres to. The initial gradient of warming, α, is constant for all warming pathways. 
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Figure 8 – (a) depicts the three warming pathway-temperature target scenarios defined in Table 3. (b) 
shows the corresponding Sequestered Fractions for each warming pathway. Note that although the 
“Gradual – 2.0°C” pathway warms faster than the “Gradual – 1.5°C” pathway, the sequestered fraction 
is much lower because Norway’s CCS Certificate scheme is based on a 2.0°C temperature target in 
that scenario rather than a 1.5°C temperature target.  

 

3.1.3 Norway Full-Chain CCS Costs 
Under a CCS Certificates scheme, fossil fuel extractors will procure and store captured CO2 

at lowest cost, thereby discharging their storage certificate liability. As previously noted, the 

full-scale CCS project under consideration in Norway contemplates capture from primarily 

mainland Europe point sources (cement, waste-to-energy, and chemicals production), 

transport to Norway (initially by ship, but eventually using re-purposed offshore natural gas 

pipelines), and storage by offshore injection into saline aquifers. The blended cost of capture 

will depend on the mix of capture sites that send CO2 to Norway for disposal. The model 

assumes that the mix of capture sites that deliver CO2 to Norway to generate storage 

certificates is roughly similar to the share of point source emissions by industry subsector 

(see Figure 9c). Capture from bulk chemical production sources with high purity CO2 

streams is less costly, so the assumed share of capture used in the model is higher than its 

pro-rata share of emissions (model assumes 35% of capture from bulk chemicals, 35% from 

waste recovery, and 30% from cement). 
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Figure 9 – 2017 EU emissions by sector. Total EU emissions (a) were 4,466 MtCO2, of which 39% were 
covered by the EU-ETS. (b) shows all EU-ETS verified emissions plus emissions from incineration at 
waste recovery plants (which are not yet covered by the EU-ETS). Many point source subsectors in (b) 
are theoretically good candidates for CCS, but the three subsectors targeted by the Norwegian fullscale 
CCS project are highlighted in green and enlarged in (c), totaling 317 MtCO2 in 2017. These 3 subsectors 
are the initial focus of Norway’s CCS strategy. 

Capture Costs 

There are fewer CO2 capture cost estimates for industrial sites than for power plants, since 

almost no such full-scale facilities exist. Capture costs from the literature and the values 

selected for the model are shown in Table 4. The Cost of Avoided CO2 (CAC) counts the 

lifecycle CO2 emissions from the capture process against the volume of CO2 captured, 

accurately reflecting the cost as experienced by the industrial site. This is the number that 

a cement plant operator will be comparing against the EUA price to determine whether CCS 

makes sense as an abatement option. The Cost of Capture is simply the levelized cost per 

ton of captured CO2 ready to leave the capture site for transport and storage, which is 

typically lower than the CAC since it does not account for the emissions penalty of capture. 

Cost of Capture is the number of interest to a transport and storage-as-a-service provider 

who is interested in generating CCS Certificates at lowest cost. The model uses Cost of 

Capture estimates, but the portion of the EUA price that goes toward capture costs is applied 

at the ratio of Cost of Capture to CAC to account for the distinction. 

 
Table 4 – CO2 Capture Cost Data Sources 

Source Description 

Cost of Avoided CO2 

(Cost to Capture CO2) 
for Nth-of-a-kind (NOAK) plants, 

[FOAK shown in brackets] 
$ / tCO2 

All costs have been inflated from the year 
referenced in the study and converted into $2019 
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Cement 

Costs are highly dependent on the specific capture technology used, the source of 

steam, and the amount of waste heat from production that can be harnessed for 

capture. Cement flue gas CO2 concentration can be as high as 30%, and it is likely 

that more learning and cost reductions are possible for cement capture than for 

other industries as R&D and deployment ramp up (Garðarsdóttir et al., 2019). 

(Garðarsdóttir 

et al., 2019) 

Estimates varied across the 6 capture 

techs surveyed 

$49 - 97 

($67) 

(Irlam, 2017) 
Average of estimates for costs in Poland 

and Germany 
[$148] 

(Garcia and 

Berghout, 

2019) 

Various estimates, 6 capture techs 

surveyed 
$65 - 135 

($40 - 60) 

(Leeson et al., 

2017) 

Reviewed 14 studies, used a mean value 

of $43 (representing average calcium 

looping cost) for their modeling 

$19 - 181 

Starting value 
in this study 

 
$70 

Waste 

Recovery 

No explicit studies of CCS for waste recovery. Flue gas CO2 concentration is 

typically ~6-12% (Durán et al., 2017) which is very similar to flue gas from natural 

gas power plants. Cost estimates of NGCC power plants equipped with CCS are 

therefore used as an analogue, though several factors may cause costs to diverge.  

(Rubin et al., 

2015) 
NGCC 

$87 

($74) 

(Irlam, 2017) NGCC $104 

(Budinis et al., 

2018) 
NGCC ($81-103) 

Starting value 
in this study 

 
$85 

Chemicals 

Some production processes already release a nearly pure stream of CO2 (fertilizer, 

natural gas processing, bioethanol), and capture costs are therefore generally the 

lowest. Sources of cost estimates for various high-purity capture are shown below. 

(Irlam, 2017) 
Average of CAC for fertilizer in Poland 

and Germany 
[$20] 

(Leeson et al., 

2017) 

Reviewed 13 studies of streams with 

>95% CO2 purity (e.g. ammonia, nat gas 

processing, H2 production, etc.) 

$33 

Starting value 

in this study 

 
$25 
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Transport & Storage Costs 

The two main forms of transport for CO2, as for natural gas, are pipeline and ship. Costs for 

both are a function of distance and volume. For Norway, shipping offers flexibility because 

ships can be procured stepwise as transported CO2 volume increases. If capture sites fall 

in and out of use, ships can be redirected to other capture sites, or even sold when no longer 

required. In contrast, pipelines require certainty of sustained use, and may incur additional 

decommissioning costs. CO2 transport via shipping avoids an over-commitment of capital 

and infrastructure. The model assumes an average transport distance of 1,000 km (the 

distance between Rotterdam port and the proposed Norwegian “Northern Lights” storage 

site), and automatically switches over to offshore pipeline costs when the volume of 

sequestered CO2 in a given scenario crosses the breakeven thresholds from (Kjärstad et 

al., 2016). Offshore storage of CO2 requires drilling and maintaining an injection well, and 

perhaps also a pipeline linking the well to an on-shore intermediate storage facility 

depending on the mode of transport and volume of CO2. Costs of transport and storage are 

summarized in Table 5. 

 
Table 5 – CO2 Transport & Storage Cost Assumptions 

Source Description $ / tCO2 

Transport Dependent on distance and volume, and use of shipping vs. pipelines 

(Brownsort, 

2015) 

Many estimates from 7 studies of transport 

by ship. Estimates at right are for 180 – 

1,500km, 20 MtCO2/yr 

$13 – 19  

(Kjärstad et al., 

2016) 

Compared pipeline and shipping costs for 

various distances and CO2 volumes for 

Norway. Range at right shows cost for 

1,000km offshore 20 MtCO2/yr pipeline ($14) 

and cost for 0.5MtCO2/yr by ship ($28) 

$14 – 28 

Starting value 

in this study 

 Kjärstad et al. 2016 values, 

scaled according to volume 

Storage 
Injection costs are typically higher for saline formations than for depleted oil 

and gas wells 

(Rubin et al., 

2015) 

Offshore saline formations 
$6 - 20 

(Maas, 2009) Offshore saline formations $16 

Starting value 
in this study 

 
$14 
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Cost Reduction and Learning 

CO2 transport costs are unlikely to drop significantly, except as a function of increasing 

efficiency with volume, since CO2 pipelines are already a mature technology and shipping 

CO2 is very similar to shipping LNG, another mature technology (Bui et al., 2018). Storage 

costs are also linked to mature technologies (offshore well-drilling and pipelines), but 

significant savings may be achievable through changes to regulation and permitting, since 

current CO2 injection drilling must adhere to standards and protocols that were designed for 

more involved and safety-conscious extractive drilling. Researchers do however expect the 

costs of capture to decrease according to an experience curve, whereby a constant 

reduction in cost, the “learning rate”, occurs for each doubling of cumulative installed 

capacity (Rubin et al., 2006). There are no studies explicitly reporting learning rates for 

carbon capture on industrial facilities, but there is likely to be some overlap with learnings 

from CCS-equipped power plants. A recent review projected learning rates of 8.3% and 14% 

for the cost of electricity from coal and natural gas power plants outfitted with CCS, 

respectively (Rubin, 2019), and another review cited studies that used a median learning 

rate of 5% for CCS applications (Bui et al., 2018). We conservatively assume a learning rate 

of 0% for high purity CO2 capture applications (chemicals) where cost is already low and 

further improvements less likely (Irlam, 2017), and a learning rate of 5% for capture costs 

on waste recovery and cement facilities. 

 

3.1.4 Additional Assumptions and Scenario Construction 

Inputs from the above three subsections—forecasted petroleum production, warming 

pathways, and CCS costs—were combined into the five scenarios summarized in Table 6. 

The CCS Certificates scheme is modeled as starting in 2023. 
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Table 6 – Input assumptions for the five modeled scenarios. Each scenario uses either the “low” or “high” 
CCS cost sharing assumptions, and one of the three temperature pathways. The low cost-sharing 
assumptions assume a low escalation of the EUA price (see State of the ETS Report (Marcu et al., 
2019)), and no premium for negative emissions from CO2 capture at waste recovery facilities (although 
it is assumed that those facilities are included in the EU-ETS from 2025). The high cost-sharing 
assumptions assume that 50% of the €10B EU Innovation Fund goes toward CO2 capture projects. These 
funds are assumed to cover 60% of each project’s total costs for the first 40 Mt of capture capacity that 
is constructed, assuming a €100 million average CAPEX cost per project. This is converted into a 
levelized rate of $12/tCO2 based on the percentage of levelized capture costs that go toward repaying 
CAPEX in cement plants taken from Garðarsdóttir et al., 2019. 

 

3.2 Qualitative Methods 
Climate policy, including policy to incentivize high-risk technologies like CCS, is complex 

and shaped by diverse stakeholders whose competing views span economic, political, and 

personal considerations. Key informant interviews with thematic analysis is a 

methodological approach to disentangle this complexity and build a deeper understanding 

of the specific political and economic context for CCS in Norway. Interviews sought to 

elucidate how key stakeholders in Norway think about supply-side climate policies in 

general, and their assessment of the strengths, weaknesses, and barriers to implementation 

of the proposed CCS Certificates Scheme.  

 

The roster of individuals selected for interviews was built through initial contacts within the 

Norwegian government and the Oxford Environmental Change Institute, augmented by 

networking at a CCS conference in Norway, and rounded out via “snowball sampling” during 

a one-month research field visit in Norway. With the exception of one retired chief executive 

from Norway’s oil and gas industry, all interviewees were currently active in their 

professional roles with either substantial direct involvement in CCS, or a meaningful stake 

in the outcome of decisions regarding CCS. The deliberate approach was to identify “elite” 

or key informants, defined as individuals who are either themselves senior voices and 

decisionmakers (e.g. CEOs, prominent academics) or are at most one degree of separation 

from such decisionmakers (e.g. political advisors, oil and gas employees responsible for 

their companies response to policy).  

 

Interviews were semi-structured, based on a core question list which was adapted in 

advance of each interview to best address the expertise of the key informant. For example, 

all interviewees were asked about the conditions under which they would support a CCS 

Certificate scheme, but representatives from NGOs were asked specifically about their 

constituents’ level of desire to place conditions on future fossil fuel production, whereas 

representatives from oil and gas companies were asked about their company’s internal 



 31 

motivations for supporting or combating such climate policies. Interviews ranged from 60 to 

120 minutes and were audio-recorded for subsequent transcription and reference. 

Interviews were by default anonymous in order to maximize the candidness of responses. 

Each interviewee was assigned a three-letter code representing their stakeholder group 

(see Table 7) and a randomized number (e.g. O&G2, STK4, etc.) such that attribution of 

quotes in Chapter 5 remains anonymous. All interviewees were informed of and consented 

to the ways in which the content they provided would be used. A policy brief was distributed 

to interviewees in advance to frame the topic of discussion. See Appendix for examples of 

the materials discussed above. 

 

In reviewing the audio-recorded interviews and associated notes, key recurring themes were 

identified and quotes excerpted. The methodology of thematic analysis, defining themes as 

concepts “represent[ing] some level of patterned response or meaning within the data set”, 

was followed (Braun and Clarke, 2006). However, a rigid coding scheme was not used due 

to the very diverse range of key informants. Instead, a flexible system identified themes and 

their frequency of occurrence, mapped across all interviews. Although a topic might have 

been cursorily raised in the course of an interview, it was not counted as an expressed key 

theme unless the interviewee placed particular significance on the topic, belabored the 

point, or repeated the theme more than once. Although the number of interviews was fixed 

by the availability and willingness of stakeholders to participate, the degree of theoretical 

saturation was retroactively assessed to see if isolated interviews generated themes that 

were not discussed by other interviewees (Glaser and Strauss, 1967, p. 61). 

 

Chapter 4: Quantitative Results & Discussion 
  

This Chapter presents and discusses the modeled direct costs of a CCS Certificate scheme 

for Norway across the five scenarios described above in Table 6. 

 

Figure 10 shows the volume of CO2 that must be sequestered, or alternatively the number 

of CCS Certificates required of oil and gas extractors, for the three pathways contrasted 

against forecasted petroleum extraction. In 2045, Norway is modeled as storing as much as 

100-200 MtCO2/year, or 6-12% of 2018 EU industrial point emissions. 
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Figure 10 – Norway’s historical and forecasted fossil fuel production in MtCO2 equivalent, with colored 
lines indicating the amount of CO2 required to be sequestered in each of the three warming pathway 
scenarios, i.e. the number of CCS Certificates that extractors of oil and gas (gray line) are liable to 
procure. For the pathway with rapid linear warming past the 1.5°C target (orange line), the sequestered 
fraction goes beyond 100% in 2043, after which time more CO2 must be captured and stored on the NCS 
than is extracted to comply with the temperature target. Note that the required volume of CCS Certificates 
peaks at various points in the early 2040s depending on the scenario, but the actual volume of 
sequestration wouldn’t necessarily drop. The supply of CO2 from European sources would presumably 
be secured via long-term “CO2 Purchase Agreements” that would continue irrespective of Norway’s 
sunsetting its own oil and gas production, assuming that CO2 storage is by then a profitable business. 

 

Figure 11 shows how full-chain CCS costs evolve under a Norwegian CCS Certificates 

scheme. The initial drop is due primarily to reduced transport costs as the volume of CO2 

transported and sequestered rapidly increases, and the gradual long-term decline is a 

function of reduction in capture costs according to conservative learning rates as the 

cumulative capacity installed increases (blended cost of capture drops 25-28% from 2020 

to 2045, depending on the volume of capture deployed). With a timeseries of the all-in costs 

of capturing, transporting, and storing CO2 in hand, the question becomes how this total 

cost is shared between the capture site and whomever stores the CO2 to generate a CCS 

Certificate. We assume that the capture site fully applies the value of avoided EUAs and 

any additional funding it receives (e.g. support from the EU Innovation Fund, premium for 

negative emissions, etc.) against the Cost of Avoided CO2, such that the blue regions in the 

figure reflect the remaining cost of generating a CCS Certificate under the scheme. 
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Figure 11 – (a) shows full-chain CCS costs derived from the “Gradual – 1.5°C” 
temperature pathway and divided among storage, transport, and blended cost 
of capture. The blended cost of capture is based on an assumed 30/35/35% 
breakdown among capture from cement, waste recovery, and high-purity CO2 
sources from chemical production, and declines according to learning rates 
of 5%, 5%, and 0% respectively. Note that first-of-a-kind costs for Norway’s 
full-scale pilot project are likely to be considerably higher than the NOAK costs 
shown here. (b) and (c) show how the full-chain cost is split among different 
funding sources in the “low CCS cost sharing” and “high CCS cost sharing” 
scenarios. The blue portion is therefore the maximum per ton cost that the 
transport and storage provider would pay. This operator would likely be an oil 
and gas company operating on the NCS who needs to generate CCS 
Certificates, though it could also be a specialized third party who generates 
Certificates to sell to other oil and gas companies. Note that the model ignores 
any dynamic effect of large volumes of sequestration on the EUA price, which 
escalates in all scenarios. However, even in Scenarios 1 and 2 which demand 
the highest levels of sequestration, CCS never accounts for more than 30% 
of the abatement required under the EU-ETS as the cap is ratcheted down. 
Nevertheless, a dynamic equilibrium extension of this model could address 
this issue. 



 34 

The blue shaded regions in Figure 11 give an indication of the maximum cost to generate 

CCS Certificates (the actual price paid by NCS operators might be higher or lower 

depending on market dynamics), but these per unit costs only apply to the portion of 

extracted carbon that must be sequestered (Figure 10). Combining these results allows us 

to calculate total sequestration expenditure for each period, and then divide that expenditure 

by the total volume of fossil carbon extracted and sold in that period. This “spread cost of 

sequestration” is shown in Figure 12 for all scenarios, and reflects the additional cost of 

producing 1 tCO2e of fossil fuel. These values are now expressed in the same terms as 

carbon prices, and are directly comparable to a production tax at the same level. As 

expected, the cost burden of sequestration on each unit of fossil fuel sold is highest in the 

low cost sharing scenarios (1,3) in which the CCS Certificate purchaser is left covering much 

of the full-chain cost of CCS. In the high cost sharing scenarios (2,4) the portion of CCS 

paid for by the oil and gas companies is much lower, even going negative by 2045 in 

scenario 2 (that is to say, it becomes profitable for the storage-as-a-service provider to take 

delivery of mainland EU CO2, transport it to the NCS, and store it). Negative costs could 

start much sooner if EUA prices rise or CCS costs fall faster than modeled. 

 
Figure 12 – The total cost of sequestration spread across the total volume of fossil fuel sold is shown for 
all 5 scenarios, expressed in equivalent per tCO2 (left axis) and per barrel o.e. (right axis) bases. The 
colored lines are the additional cost of producing a unit of fossil fuel at the production levels from Figure 
10. The low EUA price forecast is also shown for context.  
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Recall that scenarios 1-4 only result in different costs because of conditions outside of 

Norway, including the degree of global cooperation to curb emissions and the rise in the 

EUA price. In all four scenarios, Norway is making the same choice: to impose a CCS 

Certificate scheme on all domestic fossil fuel production in line with a 1.5°C target. Whether 

the spread cost of complying with the mandate declines to zero or rises to $35 per tCO2 sold 

will depend on these external conditions. Even a spread cost of $35/tCO2 is below the 

forecasted EUA price at that time, though of course it is a cost incurred by the fossil fuel 

producer on top of the cost of EU-ETS compliance faced by the consumer. Just as the 

proceeds from avoided EUAs can finance investment in abatement, the proceeds from a 

CCS Certificate go directly toward sequestering 1 tCO2. If global efforts to keep warming 

below 1.5°C were failing by the mid 2030s (scenarios 1 and 2) and Norway remained among 

a minority of regions committed to the temperature target, the Sequestered Fraction could 

be re-calibrated to a 2.0°C target (scenario 5), perhaps with a ramp-down period to avoid 

crashing the CCS Certificates market. 

 

However, if the goal is to ensure that any ongoing fossil fuel production is compatible with a 

1.5°C temperature target, even the pessimistic scenarios show cost estimates that seem 

manageable. For example, consider the total expenditure on CCS Certificates (money spent 

sequestering) over the 2020-2045 period, expressed as a percentage of the total profits 

from the sale of Norwegian fossil fuel over that same period (Figure 13). All of this sold fuel 

can be considered “Paris-compliant” in the sense that a commensurate percentage of its 

fossil carbon content has been sequestered, and may even fetch a low-carbon premium 

(not assumed). 
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Figure 13 – The total cost of complying with a CCS Certificates scheme over the 2020-2045 period is 
shown as a percentage of the total profits from fossil fuel sales over that same period, for each 
scenario. Levels of profit are expressed in $/barrel o.e. above the breakeven price (which reflects 
operating costs and capitalized exploration and development costs) across a range of values along the 
x-axis. Two examples of Equinor breakeven prices—$14 per barrel for a group of 2017 developments, 
and $30 per barrel on average (Equinor 2018)—are shown as dotted vertical lines at an assumed fossil 
fuel price of $60/barrel o.e., which is reflective of the past several years of Brent Crude prices. In other 
words, at an oil price of $60, oil and gas fields with those breakeven prices would generate profits of 
$46 and $30, respectively. 

Of course, 2020-2045 profits will depend on average fossil fuels prices and operating 

margins (expressed as breakeven prices) over that period. Equinor’s 2018 financial report 

cites per-barrel breakeven oil prices of as low as $14 for 7 new projects commissioned in 

2018, and $30 for their portfolio on average. This leaves ample room to cover the costs of 

a Paris-compliant CCS Certificates program, as shown above. At an oil price of $60, oil and 

gas fields with breakeven prices of $14 and $30 would generate profits of $46 and $30 

respectively. The percentage of petroleum profits Norway would need to forego in order to 

maintain compliance with a 1.5°C-compliant CCS Certificate Scheme would be 2-8% and 

3-13% at the $14 and $30 breakeven prices, respectively. This might be a reasonable price 

for the fossil fuel industry or government to pay to ensure a managed decline of the NCS 

while mitigating the risk of a full moratorium on fossil fuel production, coupled with a 

transition into a storage-as-a-service industry that capitalizes on Norway’s offshore and 

subsurface expertise. 
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The Norwegian government would need to decide the degree to which it would want the 

CCS Certificate scheme to be cost neutral for the oil and gas industry. If the costs are 100% 

borne by the fossil fuel industry, they would only have so much flexibility in their cost 

structure before they might need to begin raising prices amid global competition, or stop 

production of marginal fields. Whether this outcome is desirable from the government’s 

perspective depends on how they value reducing extraction versus maintaining a growing 

or stable oil and gas industry (currently heavily weighted toward the latter, though public 

opinion could shift). Alternatively, the government could take some of the burden by 

reducing the tax rate (currently 78%), albeit at a direct cost to the public in the form of 

foregone tax revenue. The Y-axis in Figure 13 is the percentage of profits, and therefore 

equivalent to a tax rate. Therefore, at today’s petroleum prices and expected average 

profitability levels (the $30 breakeven benchmark), reducing the tax rate by 3-13% would 

allow oil and gas companies to cover their 1.5°C-compliant sequestration mandate without 

affecting profitability. Thanks to the Fiscal Policy Rule, Norway’s ability to provide the same 

or better services through its welfare state should remain intact regardless of reduced 

revenues to the sovereign wealth fund. However, if desired, some of the foregone tax 

revenue could be recouped through reform of the offshore tax system. Currently, 

investments in R&D, oil and gas exploration, abatement measures like undersea cables to 

electrify platforms, and even expenses for advertising Norwegian gas abroad are all 

deductible at the 78% rate, and therefore effectively paid for in large part by the Norwegian 

public. Companies who are not yet generating cash flow even receive cash advances from 

the government to fund these expenses. These tax benefits could be reduced, or they could 

be maintained but expanded to apply to CCS infrastructure as well. Given that the intent of 

this tax system is to incentivize investment in high-risk, high-return oil and gas ventures, it 

seems fitting that the same rules should be applied to both of Norway’s offshore industries: 

oil and gas and CCS. CCS is a high-risk but potentially rewarding potential future business 

opportunity for fossil fuel companies in a low carbon world, and the tax incentives could be 

modified to reflect that. 

 

Chapter 5: Qualitative Results & Discussion 
 

Chapter 4 showed how CCS costs might evolve under a Norwegian CCS Certificate 

scheme, and how those costs could be shared among the capture site, Norwegian fossil 

fuel companies, and the government. However, the viability of the policy depends on many 
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factors beyond the allocation of costs, and the reasons for favoring or opposing such a policy 

are diverse. To present a more complete picture, key stakeholders were interviewed to 

understand their views on CCS Certificates. This Chapter presents the results from those 

semi-structured interviews in Section 5.1 according to the frequency of key themes raised. 

Often the same theme was seen as a positive attribute of CCS Certificates by some 

interviewees, and as an argument against such a policy by others. These results help 

identify loci of opposition and support for the policy by stakeholder group, discussed in 

Section 5.2. In other cases, interviewees spoke on themes not as explicit arguments for or 

against CCS Certificates, but rather as key considerations that would need to be addressed 

in the design of a CCS Certificate Scheme. These “key considerations” are omitted from this 

Chapter for brevity (see Appendix for a summary). 

 

The Chapter is organized as follows. First, stakeholder groups are described in Table 7, 

followed by summarized results by key theme in Table 8. Next, each theme is described in 

detail, along with excerpted insights from interviewees who invoked that theme. Finally, the 

Chapter closes with additional discussion on what the results tell us about centers of 

opposition to and support for CCS Certificates. 

 
Table 7 – Interview Subjects by Stakeholder Group 

Stakeholder 
Group 

Code 
Number 

Interviewed 
Description 

Academics ACD 5 

Norway-based economists, climate researchers, and social 

scientists with interests in oil and gas economics, the low carbon 

transition, and CCS. 

Oil & Gas O&G 8 

Representatives of the oil and gas industry, including some of the 

largest operators on the NCS. Interviewees were split between 

those directly involved in CCS, including senior figures with 

knowledge of the “Northern Lights” transport and storage 

consortium, and those focused on their company’s responses to 

climate policy. 

Government GOV 6 
Members of government, primarily civil servants in the Ministries 

and Agencies with responsibility for climate policy and CCS. 

Industry IND 4 

Individuals associated with carbon-intensive industries, including 

cement and waste-to-energy, who are working on potential or 

anticipated CO2 capture projects. 

Social Sector SOC 5 
Representatives from three leading Norway-based environmental 

NGOs with strong perspectives on Norway’s climate change 
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policies and the potential role of CCS. In addition, a prominent 

member of the clergy of the Church of Norway was included in 

this group. 

Other 

Stakeholders 
STK 6 

Representatives of industry associations and employer groups, 

CCS consultants, and others with a strong stake in the 

Norwegian CCS trajectory. 
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Table 8 – Summary of the prevalence of 12 key themes across 29 stakeholder interviews. Findings for each theme are summarized in Section 5.1. 
a) Absolute Prevalence – The first column shows the number of times a theme arose across all 29 interviews. The next three columns show the number of times a 
theme was invoked as an argument in favor of CCS Certificates (+), as a key policy design consideration (◎), and as an argument against CCS Certificates (-). 
b) Positive – These columns show the number of times each theme was invoked as an argument in favor of CCS Certificates by each stakeholder group, normalized by 
the number of stakeholders interviewed from that group. For example, a “25%” under “O&G” indicates that 25% of interviewees from the O&G group (i.e. 2 out of 8) 
spoke favorably on that theme. 
c) Negative – The same as (b), but for instances in which a theme was invoked as an argument against CCS Certificates. 
d) Key Considerations – An additional segment of the table summarizing instances of themes being expressed not as arguments for or against CCS Certificates, but 
rather as key policy design considerations (◎), is included in the Appendix. 
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5.1 Findings by Key Theme 
CCS Certificates potentially impact Norway’s public finances, approach to climate change, 

and the trajectory of the oil and gas industry. To disentangle this complexity, over 35 hours 

of interview content was distilled and categorized into key themes, each of which sheds light 

on one or more aspects of the policy’s viability for Norway.  

 

T1—Upstream vs. Downstream Climate Policy  

 
Should Europe rely entirely on demand-side policies like the EU-ETS and renewable energy 

subsidies to drive Paris-compliant emissions reductions, or should these efforts be 

complemented with new conditions on fossil fuel extraction such as those described in 

Section 2.4? Respondents wrestled with this question when they addressed CCS 

Certificates from the standpoint of upstream (supply-side) versus downstream (demand-

side) climate policy.  

 

Most (69%) of interviewees independently raised this theme as a first reaction to CCS 

Certificates for Norway. They acknowledged that a central pillar of global climate policy has 

been an almost exclusive reliance on demand-side interventions. This is particularly acute 

in Norway where the “approach has been to draw a sharp line between climate policies on 

the one hand and petroleum policies on the other. Integrating them is a strange thought to 

Norwegian policy makers, though it is currently being challenged” (ACD1). Respondents 

who viewed CCS Certificates through this lens were often either defending the status quo 

(oil and gas industry), intrigued by the opportunities such a change might generate (carbon 

intensive industries like cement and waste-to-energy), or eager to see that integration take 

place (social sector). 

 

Opposition to CCS Certificates through the lens of this theme was strongest among the 

“O&G” cohort. For example, respondents insisted that “government led carbon pricing 

mechanisms remain the most effective tool” (O&G3) or were advocating for “much more 

stringent and higher CO2 taxes... … consumers themselves have to make decisions on how 

much emissions they want to pay for and take responsibility for that” (O&G7). For many 
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interviewees, the philosophy remains that “emissions in Germany are not our problem”, but 

there is growing attention from Norway climate strikers, for example, who point to what they 

perceive as hypocrisy (GOV1). There was also emphasis on cost-effectiveness—the idea 

that Norway should produce as much fossil fuel as it can, and contribute to the fight against 

climate change by purchasing lowest-cost international offsets. Others were concerned that 

introducing CCS Certificates would detrimentally complicate existing carbon accounting 

rules.  
 

While almost all respondents noted the novelty and political ambition of a policy that places 

restrictions (though notably not a moratorium) on fossil fuel extraction, most social sector 

respondents and some academics were amenable to the idea of CCS Certificates as a 

supply-side restriction. Many noted that the political tide is shifting, with a noticeable 

increase in “radical demands from NGOs and some political parties” such that proposals 

like CCS Certificates “have more chance now than 5 to 6 years ago” (ACD4). One 

respondent noted “it’s easier to talk about these things [now], there’s growing demand for 

very concrete climate action” (SOC3). Some felt that the simplicity and intuitiveness of 

requiring some or all of extracted carbon to be returned was something that could rally public 

interest and support. Other support for the policy came from the fear that demand-side 
policies alone won’t get us where we need to be, and that explicitly limiting extraction in 

some way, perhaps with CCS Certificates, was necessary. “If the narrative is that oil 

companies can only produce if they have a parallel activity of storing CO2, and that ratio can 

move, that narrative can work” (SOC2). This was coupled with a consensus among the 

academics interviewed that mixing existing demand-side policies with new supply-side 
policies could be more cost efficient than an exclusive reliance on either (see Asheim et 

al., 2019). 

 

Discussion on this theme also revealed the essentially arbitrary definition of the “polluter” as 

an entity who owns an asset from which emissions physically emanate. Consider the cases 

of fossil fuel versus cement production. Both industries extract a geologically inert form of 

carbon (CaCO3 or hydrocarbons), process it, and sell it to consumers. At some point on this 

production chain the fossil CO2 is added to the atmosphere. Fossil fuel producers are 

responsible only for emissions associated with extraction (less than 2.3% of life-cycle oil 

and gas emissions from 1990-2018 in Norway, own calculations from Norsk Petroleum, 

2019; Statistics Norway, 2019), and the consumer who combusts the fuel is responsible for 
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the remainder. In contrast, cement producers are responsible for 100% of the emissions 

incurred as limestone is transformed into clinker. The consumer who purchases their 

product is not responsible, though they may pay the passed-on costs of EU-ETS 

compliance. In terms of Extended Producer Responsibility (EPR), the concept of adding all 

environmental costs to the purchase price of a product (Lindhqvist, 2000), the cement 

industry is, perhaps unintentionally, assigned de jure EPR whereas the fossil fuel industry 

is exempted. Furthermore, as much as 43% of process emissions from cement production 

from 1930 to 2013 have likely been recaptured by re-carbonization, cement’s natural 

reabsorption of CO2 (Xi et al., 2016), and cement producers are certainly not getting credit 

for these negative emissions.  

 

When asked to critically examine the logic behind this producer-polluter distinction, many 

admitted that there were reasons to consider addressing fossil fuel production through CCS 

Certificates consistently with the way other products are treated. The power balance in 

Norway between non-fossil fuel and fossil fuel industries of course favors oil and gas, who 

benefit from the current carbon accounting regime and are therefore resistant to change. 

The contrast between interviewees from these two groups was striking. The former are 

already focused on the tactics of passing on the costs of CCS to consumers, while the latter 

are resistant to thinking of CCS as anything but a means of abating the direct emissions 

from extraction rather than as a way of mitigating EPR or producing a “Paris-compliant” fuel. 

Part of this divergence can be explained by the fact that in the case of cement, the product 

is an input into larger products like houses, for which the price premium of CCS-derived 

“green cement” only adds 3-4% (IND2) to the total cost. In contrast, the price premium for 

CCS-offset fuels cannot be obscured within a larger product, and fossil fuel companies are 

understandably averse to raise prices in the face of global competition. However, 

conversations with representatives of the cement and waste-to-energy industries revealed 

that when the established “polluter-pays” paradigm applies more fully to them, or if they 

foresee that it may soon become so as in the case of waste recovery, they will act 

pragmatically and treat it as a strategic business challenge. There is reason to believe the 

fossil fuel industry would respond similarly, particularly if they have a seat at the table in 

designing a CCS Certificates Scheme that balances the needs of the climate against the 

speed with which they can reasonably act. There are even precedents for preventing 

geographic carbon leakage, for example when some EU countries preemptively banned the 
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export of waste in tandem with tightening restrictions on domestic landfill and incineration 

emissions (IND1). 

 

Demand-side and supply-side climate policies both act by changing the framework within 

which a constituency makes decisions. Ignoring supply-side policies excludes a set of actors 

who are sophisticated and accustomed to making a business out of optimizing such 

decisions. Nevertheless, interview findings suggest that a CCS Certificates Scheme will 

struggle to find supporters in Norway’s oil and gas industry and government, where a focus 

on demand-side policies shelters them from responsibility. However, increasing pressure 

from the Norwegian public for clarity on the future of oil and gas production could open a 

window for CCS Certificates as an alternative to moratoria on further oil and gas exploration 

and development. If the choice is between capping production entirely, or instituting CCS 

Certificates to enforce Paris-compliant levels of offsetting through CCS, fossil fuel producers 

will opt for the latter. Their strategy is to wait for public pressure to force politicians’ hands. 

 

T2—Importance & Acceptability of O&G's Role 

 
Do CCS Certificates ask too much or too little of the oil and gas industry? Should fossil fuel 

extractors have a major seat at the table in crafting such a policy, or does their involvement 

risk watering it down to the point where they are absolved of responsibility? This theme 

strongly divided respondents.  

 

Oil and gas interviewees were very clear that they need to be heavily involved in the design 

of a policy like a CCS Certificate Scheme if there is to be a strong chance of it succeeding, 

though they were split on whether this fact counted in favor of or against CCS Certificates. 

Some saw the role of CCS as “creating a world-class investment opportunity for low-carbon 

energy” that would help the industry sustain its social license to operate (O&G2). Others 

feared a situation in which a policy is designed without closing loopholes and unintended 

consequences, for example by not having clear rules for how exported biomass would be 

treated under a CCS Certificates Scheme. 
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CCS has a historically fraught relationship with the environmental sector, who have treated 

CCS as at best an empty promise and at worst a way for oil and gas companies to protect 

their profits and evade responsibility for climate change. Interviewees from the social sector 

were supportive of CCS in general, but adamant that the oil and gas industry under a CCS 

Certificates Scheme must do more than “claim they are doing something,” and that CCS 

efforts can’t be seen as “prolonging operation of an industry that [many believe] needs to be 

rapidly phased out” (SOC1). Above all, it can’t “turn into ‘carbon neutral oil’ or it will backfire” 

(SOC2). 

 

T3–Enforcing and Managing a Decline / Transition 

 
Half of the respondents highlighted the fact that NCS oil and gas production will soon 

decline, perhaps reaching zero between 2040 and 2050.  

 

Half of oil and gas industry respondents saw CCS Certificates as an onerous burden on an 

already declining industry that “won’t be around in 2050” (O&G3) “as we currently 

conceptualize it” (O&G2). Some felt that CCS Certificates seemed like “a policy to enable 

Norway to continue our upstream activities… …another more dramatic approach, one that 

many people in Norway also share, is to actually get rid of oil and gas and phase it out 

completely, so we don’t need CCS for that purpose.” (O&G5). But despite these admissions 

that decline was inevitable, they remained focused on demand-side interventions (see T1) 

rather than identifying real, concrete ways to enforce such a decline. Recall that limiting 

cumulative extraction of non-coal fossil fuels is likely impossible using demand-side carbon 

pricing alone except with cripplingly high prices (Heal and Schlenker, 2019), and others 

noted that the NCS has come back from the brink of decline before when “they make a 

miracle discovery somewhere” (SOC2) leading to another 10-15 years of flat production 

(e.g. the Johan Sverdrup discovery, now Norway’s 5th largest oil field). For these reasons, 

it seems necessary that some conditions be attached to rationally link production levels with 

climate change. 

 

As the remaining oil and gas resources get smaller, the “materiality” of exploiting them is 

less enticing for the very large oil majors. If Norway wants to retain large and even small 
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private operators, it may need to reduce the offshore tax burden, sharing an increasing 

portion of the resource rent, as the UK did after oil and gas production peaked in the 1980s 

to keep extractors interested in investing in tail end developments (O&G7). One government 

respondent felt that applying CCS Certificates to already-granted production licenses would 

be a betrayal of existing licenses, but that applying it to future exploration was reasonable.  

 

There was support for CCS Certificates as a tool for enforcing decline, especially if applied 

only to new exploration (STK3), in addition to a partial moratorium (ACD4), or simply to have 

a clear set of rules to prove that decline will actually take place (SOC2). Some interviewees 

emphasized timeline—if fossil fuel companies can’t supply carbon free fuels, they’ll be out 

of business in 50 years (STK3), or that the oil and gas industry will be important for another 

20-30 years but has already peaked in importance (IND2).  

 

T4—Building a CCS Market / Sharing Costs 

 
A common concern was the question of who pays for capture, the most expensive part of 

CCS. Most agreed that building a market for CO2 storage was necessary, particularly since 

Norway must link a continental Europe capture market with an NCS storage market. 

However, they stopped short of conceiving of such a market as a means of sharing the costs 

of capture between capture sites and the oil and gas companies subject to a storage 

mandate.  

 

Many interviewees felt that the industrial point source emitters should fully fund their own 

capture. These respondents cited the EU Innovation Fund and national subsidies as primary 

sources of support beyond the EU-ETS, and didn’t see CCS Certificates as a source of 

funds to help share the burden of capture costs. There was some disagreement over 

whether storage infrastructure or capture sites should come first (of course they will need to 

be developed in tandem). Storage capacity risks being overbuilt, but conversely the lack of 

immediately available storage options may have an unseen chilling effect on the 

development of capture. A CCS Certificates system provides a guaranteed source of 

storage capacity for capture sites to rely on when making their investment decisions, 
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effectively a backstop to fund capture if other sources are insufficient. There was also 

concern that facilities outside of Norway can’t be forced to build capture to satisfy a given 

volume of CCS Certificates in Norway. This risk could be mitigated by introducing a flexible 

mechanism into the calculation of the Sequestered Fraction so that it rises according to 

temperature, but subject to a cap if sufficient capture capacity simply isn’t getting built. 

 

Some respondents liked that CCS Certificates create competition to generate credits as 

cheaply as possible and that the scheme is “very market-based” (SOC3). They felt that 

Norwegian oil and gas companies should be willing to spend their own money to pay a share 

of capture costs rather than paying to explore for new oil and gas. Others felt that oil and 

gas companies should pay the costs of their own abatement (which are currently effectively 

78% funded by taxpayers through tax deductibility), but that if “we are to use taxpayers’ 

money, at least we should not be only paying for reducing emissions but developing new 

technology, there should be something extra like CCS” (SOC1). In general, CCS Certificates 

were viewed fairly favorably through the lens of this “market building” theme. 

 

T5—Carbon Leakage 

 
Most interviewees felt CCS Certificates would increase geographic carbon leakage, but 

some saw the potential of the policy to limit intertemporal leakage.  

 

Some academic respondents were concerned that if the costs of complying with a CCS 

Certificates Scheme are not fully or partially covered by tax reductions, increased fuel prices 

would cause EU customers to shift to Russian gas. And if Norwegian production dropped 

as a consequence of this policy, they feared, the slack would be picked up by swing 

producers with higher carbon-intensities of production. In fact, analytical work showed that 

a 1 tCO2 reduction in Norwegian extraction would indeed be partially counteracted by 0.65 

tCO2 of combined leakage (Fæhn et al., 2017). But the advantage of CCS Certificates is 

that a portion of the carbon content of fuel that is sold is offset. Further analysis would be 

needed to understand the interplay between abatement from increased sequestration on 

the one hand, and leakage from reduced Norwegian production on the other. This is moot 
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if Norway’s tax rates are relaxed to accommodate CCS Certificates on a cost-neutral basis 

(see the final section of Chapter 4). 

 

Others were concerned about the unintended consequences of oil and gas companies 

finding cheap, unanticipated sources of CO2 to comply with a CCS Certificate scheme, such 

as ramping up production at a sour gas field that would have been otherwise uneconomical, 

in order to monetize the stored CO2 as storage certificates. 

 

T6—Recognition of Producer Responsibility  

 
Does Norway have a historical, present, or future responsibility to address the harm done 

by the fossil fuels it has profited from? Can CCS Certificates ameliorate the cognitive 

dissonance of a nation that is simultaneously keen to be an international climate leader and 

continuing to invest heavily in extracting more fossil fuels?  

 

This was the most unifying theme. Everyone, from oil and gas executives to civil servants 

to activists, made note of a growing credibility gap for Norway as a large fossil fuel producer, 

referring to “the elephant in the room” (SOC4), the “schizophrenic” (GOV2) nature of 

Norway’s dual role, or describing the separation as “two planets” (ACD2). Another 

interviewee put it very simply: “we’re doing so much to combat climate change in Norway, 

but still handing out a couple hundred exploration licenses in 2018” (O&G5). These licenses 

lock in production for decades, and all of the exploration and development costs are tax 

deductible (i.e. 78% paid for by the Norwegian public). This could be an undeveloped 

political leverage point; several respondents noted this taxation issue but weren’t convinced 

that the broader Norwegian public was as of yet fully aware of the extent of fossil fuel 

exploration subsidies. Perhaps broader awareness would increase political will for 

measures like CCS Certificates. 

 

There seemed to be broad acceptance of some degree of producer responsibility, for 

example “Norway carries a particular responsibility because we have become so rich on 

these fuels” (ACD1), “We don’t address the end use of the oil and gas, and I think we should” 
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(SOC1), and “Shifting responsibility from the end-user to the resource producer is a good 

thing” (SOC2). The trick is to sustain political attention on the issue until “this conversation 

we’re having now gets socialized to the level where politicians can start talking about it 

freely” (O&G7). 

 

Another thread centered around the importance of CCS for Norway’s geopolitical leadership 

(STK2). “Norway has wanted to be a frontrunner on climate policies” but has failed to bridge 

this desire with being a petroleum state, and “it’s getting more difficult to shed this 

discussion. We have the resources and financial muscle, and CCS Certificates could defend 

some of the royalty from extracting oil and gas for a producer like Norway” (ACD2).  

 

T7—Scope, Reach, & Scale of Policy 

 
Can a CCS Certificate Scheme be effective if only applied in Norway, or is it not worth 

pursuing unless a larger region buys in? Some were open to the idea of the “policy 

entrepreneurship” of unilateral action, pointing to past instances where first movers like 

Germany (Energiewende) or indeed Norway (early carbon tax) moved ahead of the pack, 

hoping others would follow. Others stakeholders reacted very negatively to a perception that 

the policy as framed puts too much burden on Norway. They felt that Norway’s lack of 

jurisdiction over regions where CO2 capture would need to take place to satisfy mandated 

CCS Certificates made it a non-starter. This is an important point – if NCS operators’ 

demand for CO2 to maintain their license to operate isn’t incentivizing sufficient capture in 

mainland Europe, it doesn’t make sense to heavily penalize them. 

 

Beyond the issue of geographic reach, others were critical of the sole focus on the fossil 

fuel industry. The fact is that for Norway, and in fact most countries, embedded emissions 

in fossil fuels make up the vast majority of extracted or imported fossil carbon, so it makes 

sense to start there and expand to cement and other industries only as the policy matures. 

Furthermore, interviews with representatives from cement and waste-to-energy facilities 

suggest that those industries would be amenable to being included under the scope of a 

CCS Certificates Scheme. While it would put some burden on them to sequester, the fossil 
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fuel industry’s need for CCS Certificates would dwarf theirs, and a lone cement capture plant 

with an 80-90% capture rate might generate more than enough CCS Certificates to satisfy 

the single-digit Sequestered Fractions for a larger cement company in the early years of the 

policy. They would likely have a surplus of CCS Certificates to sell to fossil fuel extractors, 

adding a strong incentive for them to invest in capture. 

 

Certainly the larger the geographic reach and industry coverage of a CCS Certificates policy, 

the more costs and risks can be shared. But voluntarily starting in one jurisdiction has many 

benefits. The mechanics of CCS Certificates will become established and can be more 

easily adopted by others who join the coalition. It can be risky to be a first mover, but the 

logic of net-zero is incontrovertible – fossil fuel extracting countries who are serious about 

holding warming below a temperature target must accept what they have signed up for with 

the Paris Agreement, namely that by some future date 100% of any ongoing extraction they 

conduct must be offset with sequestration. A key insight from the Sequestered Fraction 

pathways in Chapters 3 and 4 is that for the first decade, the geophysically-defensible level 

of sequestration is the same regardless of whether the first-moving nation exists in a 

cooperative or non-cooperative world. This provides a strong argument for Norway to 

unilaterally implement such a policy, perhaps with checkpoints along the way to trigger 

dissolution of the policy if desired global results are not being achieved.  

 

T8—Public Burden 

 
Climate policies can impose burdens on the public, for example higher taxes and higher 

prices for electricity or carbon-intensive products, and “nobody wants to carry the costs of 

climate policies” (ACD1). In Norway, an additional fear is loss of jobs in the oil and gas 

industry which directly employs over 40,000 people, but by various accounts supports as 

many as 150,000-200,000 people indirectly (spouses, children, associated businesses). 

Many of the rural communities on Norway’s west coast have been dependent on marine 

work for decades, first from fishing, then shipping, and now petroleum and aquaculture. 

Given declining production forecasts, the transition from an oil and gas-dependent labor 

sector to something new is not a question of if but of when, and how fast. CCS Certificates 

were seen by some as a means of accelerating a necessary transition that will provide new 
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opportunities, while others were concerned it would overly burden the oil and gas industry 

and cause the offshore workforce to suffer. This puts “politicians in a bind. They will be 

blamed if they do anything seen as causing the industry to collapse”, but may also be 

blamed if they don’t take proactive steps to help the industry through a green transition. It’s 

“very hard to make changes that people will experience negatively” (SOC1). One 

interviewee who was otherwise amenable to CCS Certificates or even explicit extraction 

limitations highlighted that some rhetoric from the climate change lobby treats the issue of 

this green transition too flippantly, and that the government has a responsibility to protect 

oil-dependent communities (SOC4).  

 

The decline of the oil and gas industry also implies reduced revenue flowing to the Sovereign 

Wealth Fund, although this is mitigated by the Fiscal Policy Rule which ensures that the 

government isn’t dependent on using more than the financial returns of the fund to bolster 

the annual budget. Given that a CCS Certificates Scheme might be partially funded by 

reduced tax revenue as suggested in Chapter 4, this could prove unpopular with the public. 

The Ministry of Finance is the key powerbroker here, and they are beholden to pressure 

groups like the Norsk Olje og Gas employers group (STK2). The Ministry will resist any 

policy that reduces oil and gas tax revenue, though their hand could be forced if political 

demands from the government were strong enough. 

 

T9—Incentives vs. Mandate 

 
Almost one third of Interviewees brought up the question of whether CCS is best jumpstarted 

with incentives or with mandates. Oil and gas respondents made clear that they “favor 

incentive-based approaches as opposed to mandates” (O&G6) and “want incentives rather 

than punishments” (O&G9), but one elaborated that incentives can often be insufficient if 

industry views them as politically tenuous (see T12). For another respondent, the question 

was less whether it’s better to use the “carrot” or the “whip”, but instead whether the 

Norwegian government has the leverage it once had to make demands of a declining 

industry. As one former oil and gas executive recalled, twenty years ago the larger oil and 

gas majors were preparing to leave the NCS and the government had to create tax 
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incentives to delay their departure and entice new players to enter the NCS (STK5). There 

is always a risk that industry will decamp in response to more stringent regulations and 

invest in other countries. Assessing this threat is partially a political calculus for the 

Norwegian government – how should the full-chain costs of CCS be partitioned (see Chapter 

4), and are CCS Certificates only desirable if they are made cost-neutral for the oil and gas 

industry through changes to the offshore tax regime?  

 

The opposition of oil and gas stakeholders to any new policy that places additional burdens 

on their business is unsurprising. Still, hints that such a policy could ultimately be acceptable 

to oil and gas companies came from one respondent’s reframing of the policy:  

 

“The word mandate throws people into opposition and shuts down a lot of 

thinking instead of getting them to engage. What you’re proposing is creating 

a market for CCS, and people don’t mind talking about markets and prices 

and the choice to pay or invest, buy or build. It’s no different from the EU-

ETS, that’s a mandate. But people don’t think about it that way.” (O&G6). 

 

Supporters of CCS Certificates should employ careful messaging that communicates the 

strongest aspects of the policy–for example the creation of a competitive market for CO2 

storage–and if necessary point out that many accepted climate policies make similar 

demands (e.g. the EU-ETS mandated emissions cap). 

 

T10—Distribution of Risks & Liability 

 
Design of a CCS Certificates scheme must consider how risks will be shared among the 

CO2 transport and storage providers, the owners of the capture site, the government, and 

other groups. Interviewees who invoked this theme focused on three material sources of 

risk: uncertainty of revenues to support CCS as a business, risk of CO2 leaking from storage 

sites and associated liability, and risk to the future value of oil and gas resources. 

 

If CCS projects are to operate on a commercial basis, they must secure sources of captured 

CO2 for as much of the project’s investment horizon as possible. On the NCS, these sources 
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will primarily come from continental Europe, transported to the storage site by ship and 

eventually by pipeline. Therefore, counterparty credit risk with onshore EU industrial 

facilities, as well as future competition with other storage providers, creates financial risk for 

the CO2 storage developer. While no policy can eliminate these business risks, “a strong 

point about the mandate mechanism is it should socialize the cost across all emitters” 

(O&G6). On the NCS, a handful of companies comfortable with the risks of CCS could 

develop storage projects, and rest assured that they can sell excess CCS Certificates to 

their non-sequestering competitors. As long as other fossil fuel companies continue 

extracting, the storage providers have a guaranteed (and growing, if warming causes the 

sequestered fraction to increase) market for their units of CO2 storage, and the investment 

risk is effectively reduced. Without such a system, one company has to go it alone, assuming 

full responsibility for selling all of its storage capacity, or explicitly partnering with other 

companies to co-develop a large project (e.g. Shell, Total, and Equinor are equity partners 

on the “Northern Lights” project). However, CO2 transport and storage requires large 

investments in well drilling, pipelines, liquefaction, and transport ships that may price out 

smaller companies (O&G8), and therefore may constitute a natural monopoly. There is 

precedent for Norway leveling the playing field for offshore activities with the controversial 

“uplift” provision in the petroleum tax system. This allows smaller companies to apply for 

cash advances to reimburse exploration and development costs with the goal of diversifying 

NCS producers beyond the big oil majors. Under a CCS Certificate scheme, Norway could 

extend similar tax benefits to avoid unfairly disadvantaging smaller operators.  

 

The liability for CO2 leakage from storage sites will likely be borne by the storage provider 

for the duration of project operation, plus some additional years post operation, after which 

the government assumes the liability. They will likely be liable at the prevailing EUA price at 

the time of leakage. Some oil and gas companies are already discussing mitigating leakage 

risk with large insurers (O&G3). For CCS projects to ultimately become bankable under a 

CCS Certificates scheme, not only the storage but also the credibility of the CCS Certificate 

itself will need to be “guaranteed by top-notch people like DNV GL or Lloyds” (O&G7). NCS 

oil and gas operators are concerned that a CCS Certificate scheme would mandate a level 

of sequestration “more than we consider prudent” (O&G2), and that a reasonable 

sequestered fraction must therefore be driven not solely by the global temperature anomaly 

(as proposed) but rather through coordinated negotiation between the governing authority 

and the subsurface experts who can verify how much bankable storage there is. Norway’s 
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theoretical geologic CO2 storage capacity is vast at over 100 billion tCO2 (Anthonsen et al., 

2016), but in practice each site is unique and requires characterization, test wells, and 

ultimately an uncertain injection capacity (e.g. at Snøvit storage conditions were different 

than originally believed, and a second well had to be drilled). An unreasonably low permitted 

rate of leakage also has a chilling effect, and may need to be relaxed to ensure the policy is 

successful.  

 

Finally, some interviewees discussed the role CCS Certificates would play in de-risking 

Norway’s unexploited mineral reserves. If Norway is serious about meeting the Paris 

Agreement, no further net fossil fuel extraction can credibly be permitted after the year in 

which 1.5°C of warming is reached (2042 at the current rate of warming), putting vast 

amounts of national wealth at risk. Given the choice between a full moratorium on any further 

developments and a CCS Certificate scheme which specifies the conditions under which oil 

and gas extraction can continue to take place, a CCS Certificate is clearly preferable. And 

the sooner a CCS Certificate scheme is implemented, the lower the risk of lost extractable 

value, since the ramp up from zero to 100% sequestration will be less dramatic and the 

marginal costs of sequestration will drop sooner through learning. As the Norwegian 

government and oil and gas industry separately and jointly consider these risks to future 

production, their reluctance to employ CCS Certificates as a mitigating measure is a function 

of two barriers. First, the willingness of the Norwegian public to forgo some of the profits 

from extraction and put them toward sequestration must be high enough that it translates 

into political pressure. Second, the degree to which industry believes the government will 

act aggressively to comply with a 1.5°C target may be low. One interviewee noted that 

willingness of an oil and gas company to support a CCS Certificate scheme as part of their 

license to operate is “a function of how far into the future they look, and of the risk of people 

not buying their product. They think that risk is very low” (STK4). 

 

T11—Technology Neutrality 

 
The design of a CCS Certificates scheme must specify the terms under which sequestration 

is approved, which limits which technologies can compete to generate certificates. The 
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policy as proposed to interviewees would require geologic sequestration on the NCS (no 

international CCS offsets initially, until and unless a rigorous international standard allows 

trustworthy international CCS Certificate trading). Only a few interviewees raised this issue, 

and opinions were split, even among oil and gas respondents, as to whether CCS 

Certificates amounted to “picking winners”. “You’re favoring alternative technologies with 

this policy. We would advocate for technology neutrality and don’t like targeting of one 

industry” (O&G3). In another case an oil and gas interviewee accepted the idea that 

Norway’s offshore tax policy already picks winners by subsidizing, sometimes with cash 

advances, oil and gas exploration and asset development costs. If the Ministry of Finance 

were to rule that CCS projects could be treated on the same tax footing as oil and gas 

assets, this would level the playing field and make the imposition of a minimum volume of 

storage through CCS Certificates tolerable. Another respondent identified that the main 

purpose of CCS Certificates is as a policy to incentivize CCS in advance of demand-side 

policies like the EU-ETS driving commercial development of CCS, and so it is intentionally 

not technology neutral. “Norway has been willing to pick winners before as long as there are 

good reasons to support development of green technology,” (ACD2). Interviewees noted 

that among the Ministries and Agencies responsible for setting and implementing 

environmental policies, there was no uniform system for evaluating the cost-effectiveness 

of each CO2-mitigating measure, such that even with a flat CO2 tax in place that would 

ostensibly organically motivate lowest-cost abatement, the government often intervenes 

with less cost-effective but nonetheless strategically beneficial climate measures. Examples 

include the waiving of taxes on EVs, or mandating some oil and gas fields to electrify their 

platforms with undersea cables, both of which have relatively high abatement costs but are 

seen as successful policies in where technology neutrality and cost-effectiveness is 

superseded by other concerns.  

 

T12—Political Durability 

 
 

Commercial investments in CCS projects are high-risk and therefore require predictable, 

stable policies that are as immune as possible to changes by successive governments. 

Several interviewees raised the issue of the political durability of a CCS policy as being as 



 56 

or more important than the efficiency of the policy itself. Respondents raised as an example 

the Peterhead Power Station CCS project in the UK, which was scrapped after a change in 

government led to the withdrawal of £1 billion in promised support. Whether the project was 

viable on its own merit is less important than the fact that the policy chosen to support it – 

heavy government subsidy on a case-by-case basis – was vulnerable to political changes. 

Similarly, the muted response so far to the 45Q tax credit for CCS in the US may indicate 

that project developers and their financial backers don’t trust that the payment-for-storage 

scheme will survive long enough for them to recoup their investment and that the program 

therefore “won’t make a material difference” as one oil and gas interviewee predicted 

(O&G6). One academic respondent who strongly preferred a policy that issues a set 

“bounty” per ton of CO2 sequestered over CCS Certificates acknowledged that “if you’re 

putting up a bounty it must be a guaranteed revenue stream” which may have low resilience 

to changing governments (ACD3). Norway’s proposed full-scale CCS project remains 

uncertain because, like Peterhead, it will rely on winning political support for a one-time 

government subsidy that “no one would imagine they would do more than once” (O&G5). 

Indeed, when the Norwegian government reduced funding for the project, intensive 

lobbying, including by employers’ organizations representing oil and gas workers, was 

needed to ensure that feasibility studies continued (STK2). 

 

CCS Certificates is a more politically durable framework because the funding burden is on 

industry, not the public purse. “For the parties that see urgency and don’t have a lot of faith 

that government incentives will materialize or have the political durability needed, then 

mechanisms like CCS Certificates may make sense, maybe at a national level more than 

an international level” (O&G6).  

 

5.2 Support for and Opposition to CCS Certificates by Sector 
It is useful to take a step back from interviewees’ opinions of CCS Certificates and try to 

understand what their “key asks” would be if such a policy were implemented. Oil and gas 

executives may be hidebound to lobby against any policy that would put pressure on their 

cost structure and reduce profits, even if they see the benefits of cooperative and proactive 

involvement in policy setting. NCS operators see an opportunity to provide storage-as-a-

service in Norway, but they are averse to taking risks or investing capital until they have 

certainty that doing so will be profitable. In other words, they would not voluntarily support 

CCS Certificates (which requires the oil and gas industry to pay for sequestration regardless 
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of whether or not doing so is profitable), but if it were made a condition of operation they 

would adapt and work within the new boundaries. The Norwegian oil and gas industry also 

opposed the introduction of a carbon tax in the early 1990s, but now they hold up the policy 

as an exemplar and are proud of the CO2-mitigating measures that the carbon tax has 

incented them to make. 

 

NGOs may feel obliged to channel their donors’ reticence to embrace CCS, a technology 

with a tarnished legacy of greenwashing. It also seems that the specific social sector actors 

interviewed for this study may have been skewed—all of them supported CCS in general, 

with some stipulations. One prominent NGO refused an interview on the grounds that they 

had not yet formulated an internal position on CCS Certificates, so additional interviews to 

round out more diverse perspectives may be necessary. The social sector is primed to 

distrust the oil and gas industry, and will only support CCS Certificates if the policy has teeth 

to enforce a dramatic reduction in Norwegian oil and gas production, perhaps in tandem 

with moratoria. 

 

The carbon-intensive industries interviewed are taking a pragmatic approach to CCS, and 

are supportive of any policies that help support capture costs. Their concerns include policy 

design details like accounting properly for negative emissions and creating green 

procurement programs to support a CCS premium. 

 

Centers of support for CCS Certificates include the social sector and academics on the 

themes of combining upstream and downstream climate policy (T1), and the potential for 

resolving Norway’s cognitive dissonance about recognizing its responsibility as a producer 

(T6). Notable centers of opposition to the policy came from the oil and gas industry on T1 

and T4, and the social sector on T2. Oil and gas companies should ask themselves if they 

want to wait for a public breaking point that will threaten their license to operate. NGOs 

should consider whether a CCS Certificates scheme is an acceptable alternative to a full 

moratorium, which might have the effect of accelerating other extraction (see discussion of 

the Green Paradox in Chapter 2). Seeking compromise between these two positions may 

be the best way forward. 

 

Overall the interviews revealed a high degree of sophisticated engagement with CCS policy 

concepts for Norway, and underscored the benefits of engaging a broad swath of 
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stakeholders before refining or advancing any policies. There was strong interest in a set of 

figures on the unit economics of oil and gas production (unpublished) as a tool for 

communicating the costs of the policy. But for the most part interviewees were ambivalent 

about the specific findings of the CCS Certificates direct costs analysis, preferring to 

approach the topic through existing qualitative framings (the key themes). This may reflect 

the fact that they were shown an earlier iteration of the cost analysis, but it might also reflect 

the limitations of economic models for changing preconceived policy preferences.  

 

Chapter 6: Conclusions  
This study sought to answer a pair of related questions: what are the direct costs for Norway 

to adopt a CCS Certificate scheme, and what do key stakeholders perceive as the strengths, 

weaknesses, and barriers to such a policy? This Chapter reviews the findings to address 

these questions, acknowledges the study’s limitations, and proposes next steps. 

 

The principal findings of this study are twofold: 

1) The direct costs of a CCS Certificate scheme would be manageable, particularly in 

light of Norway’s climate ambitions and the many co-benefits that spearheading an 

ambitious supply-side climate policy could bring. Specifically, Norway’s future fossil 

fuel extraction can be made compliant with a 1.5°C target at a levelized cost of 

sequestration that is lower than anticipated carbon prices, and equal to approximately 

3-13% of projected petroleum profits over the 2020-2045 period. 

2) Strong support and opposition to CCS Certificates were identified among stakeholder 

groups. Results suggest that balancing the needs of the oil and gas and social 

sectors in particular, both of which have strong but divergent reservations about CCS 

Certificates, would be key to advancing the policy. Stakeholder support for the policy 

was strongest from academia and the social sector (as a means of reckoning with 

Norway’s “producer responsibility” for fossil fuels) and opposition was strongest from 

the oil and gas sector (resistance to upsetting the demand-side focus of current 

climate policy, fear of carbon leakage, preference for incentives over mandates). A 

third stakeholder group, the Norwegian public, was not explicitly interviewed, but 

interviews revealed that amplified public pressure to address Norway’s historical and 

planned fossil carbon extraction is critical to motivating stronger stakeholder support 

for CCS Certificates. 
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Though we believe the conclusions to be robust, the study faces several limitations. The 

static nature of the cost model means that the interdependence of variables may not be 

adequately captured. Additional scenarios and sensitivities, or a full dynamic equilibrium 

model, could be constructed to improve these findings. There may be potential sampling 

bias in terms of which key informants were interviewed as a function of availability and the 

number of contacts obtained for each stakeholder group. The interview methodology may 

also have introduced bias given the semi-structured format and interpersonal dynamics. 

Moreover, the qualitative results revealed the dual importance of politicians and the voters 

they answer to, neither of which were explicitly targeted for interviews. Finally, Norway is an 

idiosyncratic case with massive mineral and financial wealth, strong environmental 

movements, and a unique history with CCS. This study intends to provide both specific and 

generalizable findings, but the latter should be used with caution given the unique set of 

conditions in Norway. 

 

Further research could attempt to resolve the above limitations, expand the study to a 

broader region, or conduct a case study of a net carbon importer rather than exporter. 

However, the broad strokes of the findings are sufficient to motivate action. It will be up to 

the Norwegian public, politicians, and industry to weigh the costs of CCS Certificates against 

the benefits that most motivate them. For some, such motivations are primarily strategic; 

enabling a green transition and transitioning Norway to a new industry. For others, CCS 

Certificates may offer an opportunity for Norway to capture the genuine climate leadership 

it has long sought, or receive partial absolution from the historical responsibility of generating 

wealth from fossil fuels. Given the urgent need for CCS and the fast-approaching exhaustion 

of the 1.5°C carbon budget, further research is less urgent than sustained outreach to and 

facilitated dialogue among stakeholders. 

 

Second-best theory suggests that environmental policymaking is rarely like slotting the final 

piece into a nearly complete puzzle. Instead it’s an exercise in trying different combinations 

in the hope of achieving a more efficient overall outcome. CCS Certificates would clearly 

spur the volumes of CCS facilities needed to get the technology on a path to sufficient scale 

and spur cost-saving learnings, but they also constitute an ambitious upstream policy 

intervention. Such supply-side restrictions are one potential and often undervalued part of 

the solution for extractive economies, and CCS Certificates are but one of several such 
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options available to policymakers. It will take an ambitious and creative leader among 

resource economies to decide to bring extraction volumes in line with international climate 

goals. Until and unless a country like Norway does so, there is a risk that solely demand-

side climate policies will fail to spur investment in CCS until it is too late to hold warming 

below 1.5°C. 
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PROPOSING A CERTIFICATE 
SCHEME FOR CARBON 
CAPTURE & STORAGE  

Fair Financing for  
Carbon Disposal in Norway 

As a top natural gas and oil producer, Norway would benefit from developing a domestic, industrial-scale carbon 
dioxide (CO2) disposal industry. Not only can Norway use CCS to mitigate its exported emissions, it can also 
adapt its off-shore oil industry to a new, resilient business model of CO2 disposal. A Certificate Scheme requiring 
fossil fuel extractors and importers to sequester a small but increasing fraction of the carbon they extract would 
provide a clear policy for industry to plan against, and a path to net-zero emissions without direct taxpayer 
subsidy. Norway has the capacity, experience, and political will necessary to reach net-negative emissions. 

| 

Why CCS? 
 
The Earth’s climate is changing, and the world’s nations 
increasingly recognize the need to reach global net-zero 
emissions by mid-century in order to meet the long-term 
temperature goals of the Paris Agreement. The 
Intergovernmental Panel on Climate Change (IPCC) models 
of representative “emissions pathways” show that negative 
emissions through Carbon Capture & Storage (CCS) will 
almost certainly be needed, beginning as soon as the mid-
2030s and extending well into the 21st century, in order to 
achieve decarbonization without overshooting our remaining 
carbon budget. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Despite its importance, most countries (with the notable 
exception of Norway and to some extent the United States) 
have failed to establish policies that spur the development of 
CCS, and none have done so on a sufficient scale. Moreover, 
the costs to develop these technologies and projects are 
currently expected to be borne by the public, either explicitly 
(taxpayer-funded subsidies) or implicitly (unless emissions 
peak immediately and decline rapidly, the costs of negative 
emissions to counteract today’s levels of fossil fuel extraction 
will be borne by future generations).  
 

CCS Certificate Scheme 
 
We propose a simple scheme whereby: 
• Producers or importers of fossil fuels within a jurisdiction 

(Norway) are required to sequester, or pay another party 
to sequester, a portion of the CO2 content of that fuel. 

• This sequestered fraction starts small, and is scheduled 
to increase predictably in line with warming (reaching 
100% when global temperature reaches a set target). 

• Industry is incentivized to discover its own least cost 
means of meeting this predictably escalating mandate. 

 

Advantages of this approach include: i) no direct taxpayer 
subsidy, price support mechanisms, or taxes, ii) full burden of 
CCS development and deployment lies with the owners of 
fossil fuel reserves who have the resources to discharge it, 

iii) regulatory burden is light; most data required to implement 
the scheme is already collected, iv) costs of CCS are 
concentrated upstream at the point of production, allowing them 
to spread across the entire economy by market forces rather 
than taxes. 
 

Mandatory CCS Certificates in Norway 
 
Norway is an international CCS pioneer, having operated the 
first offshore CCS project since 1996 at the Sleipner gas field. 
Already, Norway sequesters the equivalent of ~0.2% of the CO2 
it exports. Norway’s geologic CO2 storage potential likely 
exceeds 100,000 MtCO2, enough to store EU point emissions 
for decades. 
 
However, storing CO2 at scale will requires first capturing it from 
concentrated point sources, which are limited in Norway (~23 
Mt). Norway’s average annual oil & gas production is equivalent 
to exporting ~700 MtCO2 per year, so as the mandated 
sequestration percentage increases, additional sources of CO2 
would need to be procured from the EU. A consortium of 
Norwegian Shelf producers, led by Equinor, is developing an 
open source transportation and storage infrastructure called 
“Northern Lights” to enable this procurement. As costs drop, 
Direct Air Capture could supplement point-sourced CO2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Challenges remain, in particular questions of liability for and risk 
management of long-term CO2 storage, but the opportunity for 
Norway and other fossil fuel extracting nations to equitably 
incent CCS development and achieve carbon neutrality 
(inclusive of Scope 3 emissions) with a simple, science-based 
CCS Certificate Scheme is real and timely. 

The brief summarizes the CCS Certificate concept introduced in Allen, M., Haszeldine, S., Hepburn, C., 2015. Certificates 
for CCS at reduced public cost: securing the UK’s energy and climate future, Energy Bill 2015. 

This “Middle-of-the-road” emissions pathway (P3) from the IPCC 1.5C 
report shows a cumulative 687 GtCO2 of CCS required by 2100, 
equivalent to 18 years’ worth of global emissions at 2017 rates. This CCS 
is assumed to be BECCS, but could represent any form of air capture. 

Agriculture, forestry, & other land use 

Fossil fuel & industry 

Bio-energy w/ carbon capture & storage (BECCS) 

Two representative pathways for the mandated sequestered fraction (% of CO2 
embedded in extracted fuels) are shown, driven by projections of global mean 
surface temperature warming; a pessimistic scenario with limited international 
cooperation in which 1.5°C is reached by 2037, and an optimistic pathway with 
global cooperation, deep emissions, and a gradual quadratic approach to 1.5°C 
by the late 2050s. The coloured lines show indicative pools of CO2 that could be 
captured and sequestered to achieve a given sequestered fraction. We take 
Norway’s projections of oil & gas production to 2035, and extrapolate to 2040. 

https://www.era.lib.ed.ac.uk/handle/1842/15698
https://www.era.lib.ed.ac.uk/handle/1842/15698
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Excerpted Questions from Interview Question List 
• Supply-side vs. demand-side climate policies 

o What is the role of the oil and gas industry in Norway’s response to climate change? 

o What is the level of public and political pressure in Norway vis-à-vis responses to 

climate change and levels of oil and gas production?  

o How do you think about the embedded emissions of extracted oil and gas? Should 

Norway bear a portion of responsibility for these emissions, or is the purchaser of 

fuels solely responsible? 

o Under what scenarios / conditions would you like to see obligations / restrictions 

placed on oil and gas production? What is your perspective on supply-side vs. 

demand-side climate policies?  

▪ How would you evaluate their relative effectiveness?  

▪ Which is more politically palatable, and what are barriers to each? 

• Supporting / Paying for CCS 
o What do you see as the best way to incentivize early development of CCS ahead of 

ETS prices reaching the levels required to make it commercially viable? 

o How do you rank the key motivations for pursuing CCS? What does Norway stand 

to gain? 

▪ Ability to sell premium offset “green” oil and gas 

▪ Carbon storage-as-a-service as a business opportunity 

▪ Leverage & export expertise & tech 

▪ Fighting climate change 

▪ First-mover / policy and technology entrepreneur  

o Who should bear the cost for CCS (fossil fuel industry, the public through tax-

funded subsidies, others?) 

▪ …in early development? 

▪ …in steady state with commercial model? 

o Who stands to benefit the most from investments in the initially high costs of CCS?  

o What incentives & policies are missing that would spur buildout of CCS? What 

would you like to see from the government in terms of additional incentives / 

policies targeted at promoting CCS? (e.g. green procurement rules, taxes on high-

carbon versions of products to incentivize CCS-enabled low-carbon products, etc.). 

• Incentivizing CCS with a Sequestration Certificate Scheme 
o What do you perceive as the particular strengths of the certificate scheme 

approach? 

o What do you perceive as the weaknesses of the certificate scheme approach? 

o Under what conditions would you support a sequestration obligation? 
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1. What is the purpose of this research? 

This research will explore the economic implications of a “Carbon Capture & Storage (CCS) Certificates 
Scheme” policy for Norway. This policy concept is summarized in a separate 1-page brief, which will be 
shared with you. There are various motivations for Norway to pursue CCS (and associated benefits), each of 
which interacts differently with the proposed policy. Understanding which of these motivations are most 
compelling to key stakeholders, and whether the policy could successfully and cost-effectively achieve such 
goals, can inform future Norwegian CCS policy. 
 
The study has two stages: 
 
1) Interviews with key stakeholders to gather diverse perspectives from the oil & gas sector, policymakers, 
and NGOs on which rationales (if any) for Norway to pursue CCS are most compelling and why. 
 
2) The second stage will consist of an economic analysis of how the proposed policy would or would not 
achieve the goals identified in the stakeholders interviews. 
 

2. Why have I been invited to take part? 

You have been invited because of your role as a key stakeholder whose perspectives and decisions may 
have a bearing on Norway’s policy approach to CCS or other Carbon Dioxide Removal (CDR). Your unique 
insight will allow me to draw conclusions about the different motivations for Norway to pursue CCS, and 
their relative strengths. 
 

3. Do I have to take part? 

No.  You can ask questions about the research before deciding whether or not to participate. If you do 
agree to participate, you may withdraw yourself from the study at any time, without giving a reason, by 
advising the researchers of this decision.  
 

4. What will happen to me if I take part in the research? 
If you are happy to take part in the research, you will be asked to attend a single meeting lasting up to one 
hour either in-person in Norway at a location of your choosing, or over Skype. It will solely be a discussion 
about your or your organizations motivations for pursuing Carbon Capture & Storage (CCS). I will be the 
only other individual present.  
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This interview will involve audio recording. The data from the interview will only be stored until the 
dissertation is marked, and all follow-up scientific papers have been completed. The purpose of audio 
recording is to facilitate my referencing back to specific content from the interview. The audio recordings 
are only for my own use. Once the audio recordings have been transcribed (to an encrypted device), the 
original recordings will be destroyed. The opinions and insights gleaned from the interview can likely be 
paraphrased in the dissertation without necessitating direct quotes, however if a direct quote from your 
interview is needed for a publication, you will be directly contacted for permission, and will be provided 
with a draft for context. If you are still happy to take part in the research, you will then be asked to give oral 
consent at the beginning of the interview. 
 

5. Are there any potential risks in taking part? 

The primary risks involve data protection, confidentiality, and participant cooperation. The interviews will 
cover topics that the participants may find politically sensitive. However, any questions or concerns may be 
addressed at any point. By default the data will not be anonymous. This is because the statements will have 
greater validity if readers understand the reputable source from which they came. However, I will seek 
direct, written permission from you before using any direct quotations. Once these selected quotes have 
been transcribed, the audio records will be destroyed. If non-anonymity is a significant issue, exceptions 
can be arranged on an individual basis (either pseudonymous, e.g. “an oil & gas executive” or fully 
anonymous). In order to reduce any potential risks, you will be fully aware of the character of the research. 
Preliminary discussion topics can be distributed prior to the interview to inform you about the nature of the 
discussion.  
 

6. Are there any benefits in taking part? 

There will be no direct benefit to you from taking part in this research.  Overall, the project will provide 
potentially beneficial insight or prescriptive advice regarding Norwegian policy on negative emission 
technologies and their deployment, some of which may be generalizable outside of Norway. 
 

7. What happens to the data provided?  

The research data will be stored using an encrypted electronic storage device according to Oxford research 
best practices1. It will be collected on a voice recorder, and will only be shared with the dissertation 
supervisors. The research tea will have access to all research data. All research data and records will be 
stored for 3 years after publication or public release of the work of the research. 
 
Your responses will by default be anonymous, and grouped with others from your industry or discipline. 
Permission to attribute specific quotes will be sought, if applicable. 
 

8. Will the research be published? 

The research may be published in a relevant climate policy journal. It will primarily be used as part of a 
Master’s dissertation in Environmental Change and Management at the University of Oxford. 
 
The University of Oxford is committed to the dissemination of its research for the benefit of society and the 
economy and, in support of this commitment, has established an online archive of research materials. This 
archive includes digital copies of student theses successfully submitted as part of a University of Oxford 
postgraduate degree programme. Holding the archive online gives easy access for researchers to the full 
text of freely available theses, thereby increasing the likely impact and use of that research.  
 
The research will be written up as a thesis. On successful submission of the thesis, it will be deposited both 
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ORAL CONSENT SCRIPT 

Eli Mitchell-Larson 

Hello again, I’m Eli from the University of Oxford and I wanted to talk to you about the project I gave 
you information about before. To recap, the broad aims of my project are to assess the barriers to 
implementing a mandatory carbon sequestration policy in Norway, as previously outlined in the one-
pager I sent you. 

Are you still interested in taking part in the project? [Await confirmation]. Now I’d like to confirm 
some of the details of the project to make sure you understand what’s involved for you: 

▪ It’s a project about Carbon Capture and Storage (CCS) in Norway and it’s being used for my 
postgraduate dissertation, and potentially a subsequent publication. 

▪ If you agree to take part, I’ll need you to complete an interview lasting approximately 30-60 
minutes at [present location OR [a location convenient for you]. [Or if a phone interview, no 
location]. I may also contact you for follow-up questions 

▪ You don’t have to agree to take part, you can ask me any questions you want before or 
throughout, and you can also withdraw at any stage without giving a reason.  

▪ Myself and my research supervisors and collaborators at Oxford (Myles Allen & Matt Ives) will 
have access to a transcript of your responses in this interview. If you choose to withdraw we will 
remove the data collected. 

▪ You are aware that an Oxford University Research Ethics committee has approved this research 
project and how to contact me (in the first instance) or the committee in case of any concerns or 
complaints. I have given you the project’s ethics reference number and relevant contact details. 
To reiterate: their contact details are curec@ouce.ox.ac.uk 

▪ I won’t keep any of your details for longer than necessary. Are you willing to be named in the 
dissertation and in research publications? If not, I won’t use your name next to data you provide, 
and will instead anonymize your responses and any data that came from you.  

▪ I will store any information you provide safely and confidentially on encrypted cloud storage, 
and will keep the research data for 3 years after publication in keeping with Oxford’s research 
policies. 

▪ I would like to audio record this interview so I can transcribe it at a later date.  
▪ You’re aware that my written work will be published online as an Oxford dissertation. Depending 

on the outcome of the research, it may also be published as a paper in an academic journal. 
▪ Are you still willing to take part? Do you give your permission for me to interview you? Do you 

give your permission for me to re-contact you to clarify information?   

[Await confirmation] So if you’re happy with all of that, and have no more questions, let’s start.  
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