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Carbon dioxide removal (CDR) technologies, such as direct air carbon capture and storage (DACCS), will be critical in limiting the rise of the average global temperature over the next century. Scaling up DACCS technologies requires the support of a complex array of policies and infrastructure across multiple overlapping policy areas, such as climate, energy, technology innovation and resource management. While the literature on DACCS and other CDR technologies acknowledges the path-dependent nature of policy development, it has tended to focus on abstract policy prescriptions that are not rooted in the specific political, social and physical (infrastructural) context of the implementing state. To address this gap, this paper provides a country-level study of the emerging DACCS policy regime in Canada. Drawing on the existing literature that identifies idealized (acontextual) policy objectives that support DACCS development and effective regulation, we identify the actionable policy objectives across six issue domains: general climate mitigation strategies; energy and resource constraints; carbon storage and transport regulation and infrastructure; financing scale-up and supporting innovation; removal and capture technology availability and regulation; and addressing social acceptability and public interest. Using a database of Canadian climate policies (n = 457), we identify policies within the Canadian (federal and provincial) policy environment that map to the idealized policy objectives within each of these domains. This exercise allows us to analyze how key policy objectives for DACCS development are represented within the Canadian system, and enables us to identify potential niches, and landscape influences within the system, as well as gaps and potential barriers to the system transition process. This paper contributes to our understanding of national DACCS policy development by providing a framework for identifying components of the DAC system and linking those components to desired policy outcomes and may provide a basis for future cross-country comparisons of national-level DACCS policy.
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1 Introduction

As countries prepare to meet their Paris Agreement commitments, there is an increasing recognition that carbon dioxide removal technologies will play a central role in limiting the rise of average global temperatures over the next century. Among these technologies, direct air carbon capture and storage (DACCS)1 has the potential to make a significant contribution to state-level carbon management strategies. The scaling up of DACCS to meaningful levels will require states to develop a complex array of policies across multiple domains to support the infrastructural, technological, environmental and social demands of DACCS deployment. To date, much of the literature that seeks to examine these policy requirements has done so in an abstract manner, with less attention being paid to the existing policy frameworks with specific states. However, it is widely acknowledged that policies supportive of carbon dioxide removal (CDR) will be built on the foundations of existing policies and will be influenced by the structure and content of this policy landscape (Cox and Edwards, 2019; Creutzig et al., 2019; Fajardy et al., 2019; Schenuit et al., 2021; Craik et al., 2022). To address this deficit, this paper provides a country-level study – in this case Canada – that identifies and characterizes the existing policy foundations for developing and deploying DACCS. By mapping out the existing DACCS-relevant policy framework, we can identify policy gaps and better understand the potential trajectories or policy pathways that Canada can pursue in the context of its transition to net-zero emissions.

This study is underlain by several conditions that characterize the DACCS policy environment. Foremost, the policy environment is best understood as part of a complex, dynamic system. DACCS deployment relies on other large sub-systems, particularly non-emitting energy systems, but also large (gigatonne) scale storage, pipelines, and climate mitigation structures, such as carbon pricing (Minx et al., 2018; Erans et al., 2022). Since these systems interact and co-evolve with DACCS, DACCS development and deployment will be structured by policy decisions made in these domains and the relationships and barriers in current policies and infrastructure may enable or impede DACCS-related goals. The long lead times associated with DACCS deployment and related systems place pressure on existing policy frameworks since near-term decisions will have longer term, downstream implications. For example, decisions that Canada makes in the next 5 years regarding energy systems and geological storage may not foreground DACCS, but will nonetheless shape DACCS in the years and decades to come (O’Riordan, 2018; Craik et al., 2022). The embeddedness of DACCS extends to the social and political aspects of the system with implications on the acceptability of the technology, which may be influenced by perceptions of the distribution of future benefits and burdens from DACCS and associated sub-systems.

Since DACCS siting and scale-up are context-specific and have a high potential to be influenced by path dependencies within a system, it is important to conduct country-level case studies to assess the prospective technology development pathways, particularly as states begin to name negative emissions technologies (NETs) in their near and long-term climate mitigation policy plans (Schenuit et al., 2021; IEA, 2022). The existing physical infrastructure (pipeline networks, storage sites, energy, and DAC facilities) and policy infrastructure (regulations, carbon taxes, and other incentives and plans) will direct how states make policy and plans in light of path dependencies because they may impede the availability of alternative options and policy pathways in future decisions (Asayama, 2021).

Canada offers an informative case study for several reasons. Canada has one the highest per capita emissions rates globally and is already warming at twice the average global rate (Warren and Lulham, 2021; World Resources Institute, 2021). The Canadian government has set an ambitious mitigation target of reaching net-zero by 2050, and has established a robust policy framework, including an accelerating carbon price in support of this goal (Environment and Climate Change Canada, 2022). Canada, and certain Canadian provinces, have been active in the development and deployment of carbon capture and storage (CCS), and as such have advanced CCS regulatory and policy frameworks (Bankes, 2019). Canada also has a high potential for wealth loss associated with stranded fossil fuel assets over the course of the low carbon transition, which scaling up CCS infrastructure may help to reduce. According to a study by Marcucci et al. (2017), the higher marginal costs associated with producing oil and gas over the next few decades may eliminate the industry in countries like Canada and United States Canada not only needs to decarbonize for climate reasons, decarbonization is also an economic imperative. Finally, Canada has growing technological capacity to research and develop DAC technologies, which include innovation support and financial incentives to pursue DACCS, and has identified DACCS as an important element of future mitigation pathways (Canada Energy Regulator, 2023; Natural Resources Canada, 2023).

To address these conditions and conceptualize DACCS as a coordinated system of technologies and policies integrated within the larger socio-technical system, we adopt the Multi-Level Perspective (MLP) (Geels, 2002, 2004) as a framework for understanding the drivers at play within systems undergoing socio-technical transitions. The MLP is well-suited for the purposes of this study because it provides us with a basis to identify the different components of a socio-technical system and theorize how they interact with one another to shape economic, political, and social outcomes, particularly as they destabilize and restabilize the system in response to internal and external pressures during the transition process.

Our study followed a two-step approach. First, we identified actionable objectives for policy identified in the literature on DACCS and CDR. Then, we applied the objectives to the Canadian policy context by examining a database of 457 federal and provincial climate policies and mapped relevant policies onto 6 domains of policy relevant for supporting DACCS. The goal in this step was to identify where the idealized policy objectives are represented within the Canadian policy landscape. The results provide a picture of the existing DACCS policy environment in Canada, which we then interpret and analyze, drawing on insights from the MLP, but also drawing on the existing DACCS policy literature. In the second stage, our analysis centers on three dimensions of policy analysis: we identify policy gaps, areas where policy needs to be tailored to CDR or extended across the country, and interactions between regime policies and federal and provincial strategies.

The second section of this paper provides the context for the study. We describe the role that DACCS may play in future climate mitigation pathways, and the components of the technology and its system demands, its relationship to the wider physical, economic, social and political components of the socio-technical system in which DACCS is being developed in Canada. The third section of the paper describes the two-step methodology we employ to identify the components and structure of the existing policy framework for DACCS development and deployment in Canada. The results of this study are contained in section 4, which outlines the key findings from our analysis of the DACCS policy framework in Canada. In section five, we return to the MLP to structure our discussion of the broader structural implications of the study. Here we identify those elements of the system that are critical to the scaling-up of DACCS, and the extent to which DACCS has destabilizing and transformative potential. In the final section of the paper, we conclude with a discussion on the potential application of this study approach in other national contexts and situate the study within the existing descriptive and prescriptive literature on DACCS policy formation.



2 Background and approach


2.1 Understanding the DACCS system

DACCS consists of a group of technologies that filter carbon dioxide from the ambient air through various chemical processes, after which captured carbon is either permanently stored in natural geological formations or sold for reuse in industrial activities. DAC, as a process, is energy-intensive, which means that, to be an efficient means of CDR, facilities should use a non-CO₂ emitting energy supply. There are variations of DAC technologies using different forms of chemical processes (solid sorbents and liquid solvents) that have different energy and heat input requirements (Barahimi et al., 2023). Other inputs into the capture process include heat, water and chemical materials (Realmonte et al., 2019). The other central components of the system consist of the geological storage sites or utilization processes and the means to transport the captured carbon to these sites (Nemet et al., 2018; Keleman et al., 2019). Since DACCS does not rely on point source emissions, there is greater flexibility in locating the capture facility close to renewable energy sources or storage sites, potentially reducing the need to transport energy supplies or the captured carbon, or both.

Along with other forms of CDR, the role of DACCS in achieving long-term climate objectives is to offset hard-to-abate emissions and to draw down atmospheric CO₂ to lower the overall concentration of CO2 to levels consistent with the Paris Agreement targets (IPCC, 2022). Some forms of CDR may act as a substitute for emissions reduction and may be preferred where the costs of CDR are lower than other forms of mitigation. The current estimated cost of DACCS ranges from 250 USD to upwards of 600 USD, though DACCS companies and the Sixth Assessment Report (AR6) expect costs to fall within the next decade (~100–300 USD) as new facilities are built and undertake large-scale removal (IPCC, 2022; Lebling et al., 2022). Relative to the high cost of DACCS, even high abatement costs or carbon prices may not be enough to incentivize purchases of CDR, therefore it is less likely that DACCS will play a significant role in the near term as a substitute to emissions reduction (Chen and Tavoni, 2013; McQueen et al., 2021; Erans et al., 2022). In the long-term CDR needs to be used to deliver net-negative emissions, not just as a means to offset high emissions industries. Despite the high relative costs, there are several characteristics of DACCS that provide advantages over other forms of CDR. Unlike forms of CDR that use biological sequestration, geological storage of CO2 is stable with high permanence and presents fewer accounting and verification challenges (Beuttler et al., 2019). DACCS has lower land requirements than other forms of CDR, such as bioenergy with carbon capture and storage (BECCS), and may, as a result, place less pressure on agricultural systems (Smith et al., 2016). Some DACCS technologies nevertheless have significant demand for water and the chemicals used in sorbent materials, but its greatest sustainability challenge is the energy required to remove CO2 from the air, in which the concentration of CO2 is relatively low (Realmonte et al., 2019).

In AR6, the IPCC identifies the range of cumulative CDR deployment from 2020 to 2,100 within modeled pathways that limit warming to 1.5°C with no or limited overshoot from 20 to 660 GtCO₂ (IPCC, 2022). Within that bundle of CDR, the range of cumulative DACCS deployment for 1.5°C and 2°C is 0–310 GTCO2 and 0–250 GTCO2, respectively (IPCC, 2022). Motlaghzadeh et al. (2023), looking more closely at the scenarios within the AR6 database that include DACCS, indicate that annual DACCS deployment in the year 2,100 has significant variation among scenarios, ranging from 0 to 18.9 GTCO2/yr.

The significant uncertainty around the amount of DACCS at both global and national scales is driven by a variety of factors including assumptions regarding broader socio-economic pathways, future cost of DACCS, the degree of temperature overshoot (beyond 1.5° C and 2°C) that would be tolerated, and limits on competing forms of CDR, namely BECCS (Motlaghzadeh et al., 2023). Many national characteristics such as physical suitability (pore space access), availability of low carbon energy, financial and technological capacities and the degree of social and political acceptability of DACCS deployment are not represented in the IPCC scenarios but have been identified as important influences on DACCS development and deployment (Ocean Studies Board and National Research Council, 2015; Buck, 2016; Honegger et al., 2021; Erans et al., 2022; Satterfield et al., 2023).

Recognizing the importance of policy decisions and practices to shape these influences, the existing literature on DACCS policy requirements has focused on interventions that address these key infrastructural, environmental, economic and social conditions (Marcucci et al., 2017; Beuttler et al., 2019; Fajardy et al., 2019; Honegger et al., 2021; Meckling and Biber, 2021). In their article outlining the barriers to CDR, Honegger et al. (2021) claim that the ideal CDR policy mix for overcoming this gap should: “(i) clarify the intended role of CDR, (ii) accelerate innovation to reduce cost barriers, (iii) ensure public participation in the process of mobilizing NETs, (iv) promote long-term, rather than pilot projects for technologies, (v) have robust carbon reporting and accounting procedures, (vi) prevent side effects and maximize the co-benefits of carbon removal” (pp. 5–6). In effect, these recommendations seek to close the current incentive gap by encouraging policymakers to directly support innovation financially and to introduce measures to ensure transparency and diffusion of information on CDR throughout society, thereby reducing uncertainty in the system.

Sovacool et al. (2022), drawing on a large number (n = 125) of expert interviews identify a set of 10 DAC-specific policy recommendations. In line with earlier studies, Sovacool et al. emphasize the importance of using DACCS to lower the stock of atmospheric emissions, not as a substitute for reducing emissions and climate adaptation (see also Beuttler et al., 2019; McLaren et al., 2019; Erans et al., 2022), as well as the need to prioritize long term storage and to leverage emerging carbon capture and storage infrastructure. The social dimensions of DACCS have received increasing attention from both instrumental (acceptability) and non-instrumental (justice and legitimacy) perspectives, with recommendations directed toward procedural conditions, such as transparency and stakeholder participation, and substantive outcomes, such as the distribution of benefits and impacts of DACCS (Buck, 2016; Pozo et al., 2020; Sovacool et al., 2022; Satterfield et al., 2023). Overall, the literature underlines the importance of introducing policy instruments to create incentives for investing and scaling up DACCS, such as carbon pricing; decarbonization policy; CDR-specific targets and tax credits; research and development subsidies for NETs and carbon utilization; carbon offset and trading protocols; and clear regulations around carbon storage and transport (Creutzig et al., 2019; Fajardy et al., 2019; McLaren et al., 2019; Honegger et al., 2021; Meckling and Biber, 2021).

Of significance to the current study is that the DACCS policy literature identifies the embeddedness of DACCS systems within a wider system that is itself undergoing a significant low-carbon socio-technical transition. The key physical linkages are between DACCS and the energy system – specifically, the scale-up of non-emitting energy sources – and carbon storage and transportation systems. Likewise, much of the supporting policy environment, such as carbon pricing, innovation support and environmental information and public participation procedures, are part of an existing and evolving policy environment (Cox and Edwards, 2019). While the literature on recommended DACCS policy draws on examples of specific domestic policy instruments, there have been few studies that have sought to identify the elements and contours of domestic DACCS policy frameworks in a comprehensive fashion (but see Schenuit et al., 2021). General, idealized policy recommendations are an important and necessary step in understanding the requirements of the policy framework for DACCS development and deployment, but do not address the social, political and institutional conditions within a specific domestic context.

We share the view of Schenuit et al. (2021) that MLP provides a useful heuristic to structure and make sense of net-zero transitions and the role of CDR policy within those transitions. The MLP distinguishes the three ‘levels’ that make up the system and determine socio-technical pathways. The first is the existing regime, which encompasses the practices and associated rules that maintain the existing system (Geels, 2011). This includes culture and symbolic meaning, markets and user practice, techno-scientific knowledge, technology, infrastructure, industrial networks and strategic games, and sectoral policy (Geels, 2002). The existing system is subject to destabilization from exogenous “landscape” factors, such as “material and environmental conditions, external agents, [and the] larger socio-cultural context” (Geels, 2004, p. 908). In addition, niche innovations can gain traction and progressively shift, or else radically reconstruct, the architecture of the system, particularly where landscape conditions simultaneously destabilize a regime.

If we accept that DACCS systems will develop, not in isolation, but rather as part of an existing socio-technical system, then a key characteristic of such systems is that they will tend to exhibit high degrees of path dependence (Geels, 2019). Policies that are supportive of DACCS development will be influenced by the existing policy framework, which will reflect the preferences of dominant actors and institutions and will be responsive to the infrastructural and social conditions of the system (Cox and Edwards, 2019). These conditions will be context specific, which indicates the importance of understanding the policy framework at domestic levels since abstract policy recommendations may face “fit” issues within specific domestic contexts (Young, 2002).

In addition to identifying the path dependent nature of dominant technologies and the policies supporting those technologies, MLP provides a theory of change through the incorporation of insights from evolutionary economics that highlight the adaptive, progressive changes in material production and consumption that can align with or impose change on the dominant technological regime. In either case, evolutionary economics understands that successful niche technologies fulfill a functional role within the system by interacting and synergizing with existing technologies and institutions (Boulding, 1991; Geels, 2002; Cecere et al., 2014).

The interdependencies between economic, social and political forces are central to MLP dynamics, and lead to examinations of the way in which these often path dependent interactions result in “lock-in” and more specifically, “carbon lock-in” (Unruh, 2000; Cecere et al., 2014). In this regard, DACCS provides an interesting example, as aspects of DACCS, such as the development of a robust carbon storage and transport infrastructure or the potential role of DACCS as a substitute for emissions reduction, are viewed by many as being supportive of the dominant – fossil-fuel oriented – regime, and as such, may contribute to carbon lock-in (Markusson and Haszeldine, 2009; Shackley and Thompson, 2012; Cairns, 2014). However, DACCS is also a critical component of the transition to net zero (Asayama, 2021). Asayama argues, and we agree, that the dilemma that CDR poses in connection with carbon lock-in is not inherent to the technologies, and can, therefore be shaped through policy choices.

The complex-systems ontology that the MLP adopts is well-suited to an analysis of DACCS’ roles in the incumbent (fossil-fueled) or emergent (net-zero) regimes, since MLP favors non-linear, multi-factor causal explanations. DACCS development, because it is so deeply interconnected to other major systems, which interact with one another, is not likely going to be satisfactorily understood with reference to a select number of drivers. This does not, however, suggest that we cannot identify the principal sub-regimes or domains that are relevant to DACCS. Geels notes that “for sustainability transitions, it may be fruitful to pay more attention to multi-regime interactions” (2011, p. 32). In the case of DACCS, its development and deployment will be a product of interactions across energy, climate, and geological storage systems, each of which has constellations of policies that shape both the individual systems and their interactions with one another. In this study, we do not precisely specify the boundaries of the broader DACCS system in Canada, which are fluid and imprecise. Instead, we draw on the DACCS policy literature, which identifies a variety of policy domains and policy concerns, to identify the elements of the DACCS system. This approach differs from prior studies on CDR and DACCS policy frameworks, which have tended to look at policies that are explicitly directed to DACCS technologies, whereas our approach is more functionally driven looking at the system elements that will shape DACCS development and deployment, but may address broader system conditions.



2.2 The Canadian context

Canada is certainly not the only country well-positioned to scale up CDR deployment, but its current policies and infrastructure (e.g., available government subsidies and existing carbon storage capacity and regulation) will likely allow it to become an early mover whose deployment strategy other countries may observe and emulate. There is already a maturing DACCS research and development presence in Canada, including an operating demonstration plant that captures 1 tCO2/day in British Columbia (Carbon Engineering, 2021). The Province of Alberta has several operating commercial-scale CCS projects which contribute a combined capacity of 3.0 MtCO2/year to dedicated storage. Alberta is actively considering proposals to increase its capacity to 56 MtCO2/year, which will make for more efficient use of the province’s existing carbon storage and transport infrastructure (Canada Energy Regulator, 2022a).

Canada’s emissions are high, both currently and historically. The country’s greenhouse gas (GHG) emissions were 670 MtCO₂eq in 2021, or approximately 1.5% of global annual emissions, though Canada accounts for only 0.5% of the global population. Canada’s existing nationally determined contribution (NDC) is to reduce its emissions 40–45% below 2005 levels by 2030 (to 438 to 401 MtCO2eq) and to achieve net zero emissions by 2050 (Government of Canada, 2021).

The government has acknowledged the importance of CDR in its long term low GHG emissions development strategy (Environment and Climate Change Canada, 2022). In a 2023 analysis by the CER, the (2050) net-zero scenario presented included approximately 150 MtCO2 of negative emissions, including 45 MtCO2 of DAC (Canada Energy Regulator, 2023). This analysis represents, of course, just one possible scenario for DACCS deployment. To provide a better sense of the potential scale for DACCS in Canada under different scenarios, we examined modeling studies that provide regional scale DACCS deployment pathways for a variety of socioeconomic pathways. As indicated in Table 1, derived from the integrated assessment modeling study conducted by Fuhrman et al. (2021), estimates of the cumulative deployment of direct air capture in Canada varies significantly based on scenarios defined by the Shared Socio-Economic Pathways (SSP) framework. This variation spans from 431 Mt. of CO2 removal in an SSP1 scenario to a substantial 11,775 Mt. of CO2 removal in an SSP5 world for scenarios aligning with the 2-degree target. The significant variation affirms the high levels of uncertainty at the national level, but suggests that from a planning perspective, there is a need for Canadian policymakers to consider and plan for the development and potential deployment of DACCS, perhaps at very large scales. This is complicated by the fact that DACCS deployment at any level may necessitate cautious or low regret policy steps until greater certainty can be achieved.



TABLE 1 DAC projections in Canada.
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3 Methods


3.1 Stage 1: identifying policy objectives

We conducted an integrative review to identify articles related to our thematic areas of interest: CDR and DACCS systems and policy recommendations relevant to their scale up (Braun and Clarke, 2006; Snyder, 2019). Using Google Scholar and the snowballing method, we identified a group of 24 articles (published as of October 2022)2 published in English after 2015 (Wohlin, 2014). We initially searched for articles that contained the terms “direct air capture,” “carbon dioxide removal,” or “negative emissions technology” and “policy”. Based on this search, we eliminated articles that did not directly address policy and articles that focused on nature-based CDR or making recommendations specific to other NETs. Where possible, we included recommendations from articles that discussed Canada to some extent, though these did supply a more diverse selection of recommendations compared to others in the group. We only included articles that made actionable recommendations or outlined specific objectives of CDR or DAC-focused policy. In this context, “actionable” means that we did not include articles that made general observations about DAC pathways and CDR regime typologies, though many articles that did were still included in the general literature review; however, we did not require articles to identify specific policy instruments. We did not limit our selection to peer-reviewed academic articles because think tank and government reports have put forth substantial research at this intersection of CDR and policy. Gray literature was therefore included.3 Although the number of articles is smaller than the sample that might be used in a bibliometric or systematic review, many of the articles reviewed adjacent literature and identified similar objectives, therefore we did not restart or change the parameters of our search to add additional articles after reaching a thematic saturation point in the process of inductive coding (Saunders et al., 2018). Table 2 shows the articles and the criteria based on which they were selected. Manually coding these articles, we extracted 175 policy objectives; that is, specific recommendations regarding desirable policies or policy goals.



TABLE 2 Sources of policy objectives.
[image: Table2]

After developing the codes, we sorted them into six thematic domains: (1) general environmental policy goals and climate mitigation strategy; (2) energy policy and local resource constraints; (3) carbon transport and storage regulation and infrastructure; (4) financing scale-up and supporting innovation; (5) carbon capture and removal technology availability; and (6) social acceptability and public interest. Within each domain, the policy objectives were ordered in a hierarchical chart. The objectives hierarchy chart allowed us to classify the sub-objectives (or means objectives) that fulfill the more fundamental system objectives indicated by the core organizing domains (Clemens and Reilly, 2014). Subsequently, we removed redundant codes and used those that remained to produce a set of 116 assessment questions representing the objectives and sub-objectives.



3.2 Stage 2: defining the existing Canadian policy framework

The purpose of the second stage of the study was to determine the extent to which the identified policy objectives are represented in the current Canadian policy framework. We drew from the Canadian Climate Institute’s climate mitigation policy database, which includes descriptions of all relevant climate and related energy policies at the federal and provincial levels (see Bryan et al., 2022). Since the data collection for the study was completed in the latter half of 2022, there have since been changes in policy and government reports that reflect the pace of change in this arena. The original database itself has also been renamed and reorganized. Their database was suitable for the purposes of this research because it provides detailed descriptions and classifications of a broad spectrum of climate and associated policies at the federal and provincial levels. We collected additional information on non-climate environmental policies not included in the scope of the database, but relevant to the domains. Since our aim was not to conduct a document analysis, we used the descriptions provided within the Climate Institute’s database and located Supplementary material where necessary (such as specific policy details or quotations from government materials). The total sample size was 457. We conducted an initial analysis to identify those policies that were relevant to the DACCS policy objectives identified in Stage 1, reducing the sample size to 174 policies.

Using the assessment questions developed in Stage 1, we then examined the policy data set to determine whether the policy objectives were met, partially met, or absent (that is where we could not locate a policy that fulfilled the objective in question) within the Canadian policy regime. The policies that fulfilled the criteria were listed, with details of the policy purpose or mechanism where required. We did not place policy examples exclusively in one section or another. Instead, we highlighted the policy aspects that allowed it to meet each objective separately; some policies appear in multiple domains. We also detailed the “MLP level” (niche/regime/landscape) for each policy that fulfilled an objective to provide a more detailed picture of the policy’s systemic function within the context of a socio-technical transition. The coded matrix for all 116 questions is included in the Supplementary material.




4 Results and analysis

In sections 4.1–4.6 below, we review and analyze the policy objectives that are present within the Canadian policy framework as well as the policy gaps revealed. We review each domain separately, with each section beginning with tables that summarize the findings under each domain (see Supplementary materials for disaggregated objectives). The first columns of the tables summarize the key objectives identified for each domain; the second columns identify specific policy instruments (from the Bryan et al., 2022 database); the third columns identify which and how objectives were met; and the fourth columns summarize key gaps in each domain. While the tables in sections 4.1–4.6 provide illustrative examples of the Canadian policy and deployment context, the examples provided in the tables are notexhaustive and do not reflect the complete array of policies analyzed (but which are found in the Supplementary material, along with the complete list of policy objectives and the corresponding policies identified as relevant to them under each domain). Each subsection will expand upon the policy gaps and tailoring needs in the Canadian context, as well as the socio-political dynamic that are not immediately evident in the tables.

A principal goal of this study is to assess the completeness of the objectives within the existing Canadian policy framework. Table 3 below provides a numerical overview of the total number of questions associated with each policy domain, and the policy objectives met, partially or absent for each domain. The results provide a sense of which parts of the DACCS system are more or less complete. Unsurprisingly, the two areas that appear to have policy objectives least represented in the existing policy framework are the two DACCS-specific policy domains addressing removal/capture technology and carbon storage and transportation. Here the policy objectives identified are specific to the technology itself and are less likely to build upon existing policy foundations. Within the storage domain, CCS regulations address many of the technical issues, but these only exist in one or two provincial jurisdictions, and the existing regulations still reflect the limited scale of current carbon storage activities. The more represented areas are those domains that rely more fully on general regulations and policies suitable for DACCS with limited need for adaptation. For example, general public participation processes will be suitable across multiple policy contexts. Table 3 must be read with caution, as a few absent policy objectives may still be highly consequential.



TABLE 3 Policy objectives present in Canadian context.
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4.1 Climate mitigation policy

Whether the regime has a carbon pricing system is a critical policy for the sociotechnical regime in Canada as a whole, not just the DACCS system. Putting a price on emissions incentivizes abatement itself and the development of innovative technologies to assist abatement (Baranzini et al., 2017; Beuttler et al., 2019; Strefler et al., 2021). Table 4 lists several of the carbon pricing systems in place in Canada, including the federal benchmark that sets the minimum requirements across provinces. Multiple authors observe the centrality of maintaining a stable, long-term carbon pricing system, though most identify it as a necessary but not sufficient condition (Nemet et al., 2018; Cox and Edwards, 2019; Rueda et al., 2021). Although long-term plans for pricing increases have been well established and legislated across Canada, and as such are not identified as a gap in the system, it is important to note that such plans and regulations are politically vulnerable. Carbon pricing remains deeply contested within Canada, with the main opposition party promising to reverse carbon pricing policies (The Globe and Mail, 2023). The instability of a long term carbon price creates greater investment uncertainty for technologies like DACCS, where scaling relies on market-based choices. Without a carbon price, DACCS developers would need to rely solely on government procurement or deployment mandates – though estimates indicate that even the more cost effective end of the DACCS price range (per tonne) will not be comparable to a high national carbon price for at least a decade (Lebling et al., 2022). There are no procurement or deployment mandates for DACCS in Canada. Additionally, maintaining stability in a carbon pricing system is important as internalizing the cost of emissions shifts how society values carbon-intensive production compared to alternatives.



TABLE 4 Summary of policy and objectives in climate mitigation policy.
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The federal output-based pricing system (OBPS) and the federal fuel charge that create the carbon pricing system in Canada do not apply to every province, as the federal scheme operates as a backstop, and allows provinces to develop equivalent schemes. Several provinces, including Alberta, Saskatchewan, and Ontario, have their own OBPS approved by the federal government, but still have to apply the federal fuel charge. Others, like British Columbia, Quebec, and most maritime provinces, have entirely independent systems; some are cap and trade, and others are tax-based. National policy coherence for climate governance is limited by the distribution of legislative powers between the federal government and provinces. This also results, for example, in inconsistencies between carbon reduction targets and strategies in different provinces. Federal commitments to reduce emissions do not necessarily yield equally robust plans across the country (Fertel et al., 2013).

Commentators have identified the need for government authorities to address removal targets separately from reductions targets within reporting structures (McLaren et al., 2019; Honegger et al., 2021; Schenuit et al., 2021). Currently, the distinction does not exist in Canadian policy, insofar as the regulatory structure treats removal credits in the same manner as reduction credits. Although Canada’s carbon offset credit protocol is incomplete under the Greenhouse Gas Offset Credit System, the government has indicated an intention to treat DACCS removals as creditable offsets. In the absence of distinct treatment in offset regimes, removal and reduction credits are effectively fungible, potentially affecting the ability to incentivize high cost carbon removal. It may, however, be desirable to provide further incentive for purchasing removals to enable a commercialization pathway (especially because, for hard-to-abate industries, removals will be more expensive than CCS-based reductions; Rickels et al., 2021). The distinction between types of credits is also necessary to establish standards and offset accounting protocols at the global level (Peters and Geden, 2017). Negative emissions will likely be provided by private firms on a transnational basis, which means that international cooperation will be necessary to avoid double-counting in trade and ensure consistency across national systems. This is a prevailing gap in Canada, but also within the broader system landscape.



4.2 Energy policy and local resource constraints

Table 5 shows select energy decarbonization policies that exist or are in development in Canada. The policy framework for DACCS in Canada must address the strain that the energy and resource intensity of DACCS puts on the energy system, and the potential the DACCS energy demands may conflict with other priorities in the energy transition. Electricity in Canada is largely provided through low-carbon sources with 80% of electricity coming from non-emitting sources, such as hydro and nuclear (Canada Energy Regulator, 2022b). Canada does not have to replace large amounts of fossil fuel generated electricity; additional capacity could be directed to new sources of electricity demand, including DACCS (Wohland et al., 2018; Singh and Colosi, 2022). Since energy policies and infrastructure fall largely under provincial jurisdiction, provincial cooperation to expand non-emitting capacity or direct electricity to negative emission projects would be required. Energy policy planning that accounts for DACCS has been largely exploratory, without explicit policy direction, in part due to the uncertainty associated with DAC scaling. Nevertheless, energy systems will need to expand in lockstep with DACCS to achieve scale in the future (Fuss et al., 2018; Creutzig et al., 2019; Larsen et al., 2019; Lehtveer and Emanuelsson, 2021; Williams, 2022). At present, while the energy and resource demands of a technology like DACCS may be considered in impact assessment processes, such assessments are project-based and would not involve strategic or transition oriented assessment (Nwanekezie et al., 2022). In contrast, United States policy plans have identified the need to coordinate DACCS scale-up with domestic low carbon energy sources (U. S. Department of Energy, 2021). Canadian policy has not yet established guidelines for managing the trade-off between DACCS and the energy-efficiency goals of climate policy. The lack of long-term, coordinated energy planning is a significant deficit.



TABLE 5 Summary of policy and objectives in energy policy and local resource constraints.
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Many of the policy examples in Table 5 show how governments are targeting emission reduction via electrification and total energy system decarbonization as a regime objective. However, the regional and sectoral distribution of emissions is uneven, with high concentrations of emissions coming from western Canada, as a result of high GHG emissions associated with the oil and gas industry. Table 5 does not reflect the fact that some provinces are further along than others. For example, through the Renewable Electricity Act, Alberta will require 30% of electricity in the province to come from renewables by 2030, in addition to the government’s commitment to phase out coal-powered electricity by 2023 and the Oil Sands Emissions Limit Act restriction of GHG emissions above 100 MtCOeq/year. Simultaneously, Alberta has the most fossil fuel intensive electricity production in the country at 90% (54% Natural Gas and 36% Coal and Coke) and the oil and gas sector is a major part of the province’s economy, which makes decarbonization a politically contentious prerogative (Canada Energy Regulator, 2022b). Energy infrastructure remains largely a provincial matter, which creates a disjuncture between national climate goals, including DACCS development and jurisdictional responsibilities. The federal government may influence policy direction through fiscal tools, such as subsidies and tax credits, but these may increasingly be at odds with some provincial policies and regulations that are directed toward optimizing fossil fuel extraction.



4.3 Carbon transport and storage regulation and infrastructure

The geology of a region is a landscape condition that, in part, determines where projects can be sited. However, transport infrastructure, technology, and regulations enable particular types of storage. Table 6 shows illustrative provincial and federal carbon storage and transport regulations. Canada has large amounts of accessible geological storage that would be suitable for CO₂ storage, though this potential varies from province to province based on geology (Hares et al., 2022). Alberta, where pore space is abundant relative to most other provinces, has established a clear regulatory regime for CCS (see Bankes, 2008, 2019), and has built supporting transportation and injection infrastructure that optimizes CCS (but not necessarily DACCS) using a hub-based model (Government of Alberta, 2023). As of 2021, Alberta is injecting and storing 3.17 MT CO2/yr. (CER, 2022). In addition to the Western Canada sedimentary basins, there is further potential CO2 storage capacity in offshore areas in Atlantic Canada, and transboundary opportunities to transport CO2 in sedimentary basins located in the Appalachian region of the United States (CCS Knowledge Centre, 2021).



TABLE 6 Summary of policy and objectives in carbon transport and storage regulation and infrastructure.
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The federal government is in the early stages of clarifying what kinds of storage sites and existing infrastructure can be used to support the scale-up of CDR in the system. There is not enough publicly available information about the federal government’s plans to determine what objectives they fulfill – which would enable us to analyze which features may need further improvements to benefit a DACCS system rather than a CCS system. The absence of federal guidelines and incentives to coordinate transport, prioritize secure and permanent storage, and co-locate DAC projects accordingly may inhibit the development of large-scale CDR storage projects (Cox and Edwards, 2019; Craik et al., 2022; Erans et al., 2022). The federal government retains some environmental authority around the regulation of carbon (e.g., via the Canadian Environmental Protection Act [CEPA]), but the regulation of pore space itself falls under provincial jurisdiction. The regulation of geological storage is uneven across regions, with existing frameworks being found in jurisdictions with emerging CCS industries. Other areas with storage potential, notably Atlantic Canada, have not yet taken any concrete actions to develop storage opportunities. The current approach to storage policy reflects the prior interests of oil and gas and other subsurface rights holders, and is rooted in sectoral policy in these areas (Bankes, 2019) – a trajectory that may be followed in other jurisdictions, if and when storage opportunities unfold. The legal issue that arises is how to apply existing laws, where to introduce new amendments and new policies, and whose interests will prevail in the development and allocation of storage opportunities (Cox and Edwards, 2019; Craik et al., 2022). In this latter regard, there is potential for different user groups (EOR, CCS and DACCS) to compete for storage and transport space, but there are no policies in place to address allocation.

The policy objectives identified in this domain emphasized the need for regulations and incentives that support and prioritize the scale-up of CO₂ storage over CO2 utilization, considering current forms of utilization are generally less permanent or result in rerelease of CO2 (e.g., beverage carbonation, EOR) (Cox and Edwards, 2019; Fajardy et al., 2019; Meckling and Biber, 2021; Erans et al., 2022). Nevertheless, utilization is an important element of NET developer business models and the commercialization of CO2 utilization niche innovations will play an important role in securing financing within the system (Mac Dowell et al., 2017; Haszeldine et al., 2018; Nemet et al., 2018). The planned federal investment tax credit for carbon capture and storage will likely introduce some incentives that are directed toward utilization activities, such as using carbon in cementitious material (Department of Finance, 2022).



4.4 Policy for financing scale-up and supporting innovation

Niche technologies can radically change a system and stabilize it amidst landscape changes (Geels, 2004). Moreover, providing financial incentives for investing in and directly funding a niche technology creates a protected market that allows the technology to mature and become more efficient and cheap, grow less dependent on subsidies, and more effectively integrate into the system (Geels and Schot, 2007; Schot and Geels, 2008; Cecere et al., 2014). The government’s deployment strategy for CDR seems to focus on creating an environment to foster niche development through subsidies and coordinating infrastructure. Funds for such projects are currently available through a variety of government programs, as listed in Table 7. The Federal Government has recently introduced new funds and incentives to support NETs, CCS, and carbon pipeline infrastructure across the country. Of note, is an investment tax credit (ITC) for CCS development, with a specific DACCS component. The tax credit resembles similar support provided by the United States government for DACCS, although the Canadian amounts provide a lower subsidy (IEA, 2022). The structure of the ITC includes a phase out from 2030 to 2040, indicating an expectation that DACCS would be commercially competitive with other forms of removal within that time frame (Department of Finance, 2022). Through the Energy Innovation Program, the federal government will also invest $319 million over 7 years to the research and development of CCS technologies to lower technology costs. Such funds will also increase the availability and commercial development of CO2 utilization niches, which would help develop a market for captured carbon. The scale of support in Canada is significantly lower than under recent U.S. legislation, raising potential competitiveness concerns (U. S. Department of Energy, 2021).



TABLE 7 Summary of policy and objectives in policy for financing scale-up and supporting innovation.
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There is no indication that the government intends to pay for DACCS directly or act as a primary market by purchasing DACCS credits to offset their emissions, which is a model that some authors explore (Buck, 2019; Honegger et al., 2021; Hodgson and Hodgson, 2022). It is important to clarify whether the government intends to foster the creation of carbon removal markets or treat CDR as a public good because uncertainty in the system may undermine other market signals and incentives that would otherwise aid CDR scale-up. The government’s support determines how niche technology developers shape their business models.

Finally, the optimal order and strategy for rolling out financing and innovation policies are still unclear. Meckling and Biber (2021) suggest an “incentives + mandates” policy strategy: mandates because of their lower political cost and incentives due to their demonstrated effectiveness in scaling up other low carbon technologies. Feed-in tariffs, new emissions standards, reverse auctions, and carbon pricing are all options that are likely to help incentivize DACCS (Lackner and Azarabadi, 2021). Subsidies can be controversial, as evidenced by the national backlash against the CCUS ITC (Tuttle, 2022). Subsidies, at least in the near term, are a necessary part of the strategy for CDR at scale because they support the development of niche innovations. The planned reduction of the ITC after 2030 is a reflection of the government’s intention for financial support to create a viable niche market that will be able to sustain itself once technologies have reached scale. However, the timeline for reducing high removal costs is a major uncertainty in the current regime.



4.5 Removal and capture technology availability and regulation

There is overlap between the policy objectives in this section and domains addressing innovation financing and broader market structures. Table 8 shows a gap in the policy framework related to DAC specific regulation and overall CDR scale-up (Lomax et al., 2015; Marcucci et al., 2017; Fuss et al., 2018; Haszeldine et al., 2018; Larsen et al., 2019; Honegger et al., 2021). For example, technology mandates in other sectors are a part of the government’s climate mitigation strategy at the federal level, both for the market and for the technology the government itself uses (e.g., the Zero Emission Vehicle Mandate and the Low-Carbon Fuel Procurement Program). A DACCS deployment mandate for the government or the private sector has some analogous programs to build upon, recognizing that DACCS presents some unique challenges (Larsen et al., 2019; Honegger et al., 2021; Erans et al., 2022; Hodgson and Hodgson, 2022; Williams, 2022). Many objectives in this section included longer-term considerations compared to questions about what kind of near-term support the government should provide. This mainly involves introducing new, CDR-specific policy not addressed in other domains (i.e., storage-related tailoring). Canadian policy makers have not identified specific targets for CDR or which types of CDR may play an important role in achieving its net-zero objective. The role that the government needs to take in managing and providing CDR will depend on the degree to which new market mechanisms or mandates related to CDR can provide sufficient social benefit, which are not necessarily reflected in the historical market failures that allowed climate change to progress. It is premature to assess the state of CDR-specific policy in Canada, but the current pattern, as exhibited in CCS regulation and emerging CDR regulation, is for specific regulations to develop in a more reactionary mode, as commercial scale deployment begins. There is little evidence of anticipatory regulation intended to shape technological or development outcomes.



TABLE 8 Summary of policy and objectives in removal & capture technology availability and regulation.
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4.6 Social acceptability and public interest

Table 9 shows select policies related to social acceptability in Canada. Recent literature suggests that perceptions of risks and climate benefits associated with storage, rather than the capture process alone, are a key criterion for acceptance, as well as the use of renewables within DACCS systems (Arning et al., 2019; Cox et al., 2020; Satterfield et al., 2023). In particular, a recent study by Satterfield et al. (2023) surveyed Canadian and US residents in the vicinity of proposed pilot sites of DAC paired with sub-sea floor CO2 storage and found that participants were concerned with the impacts and risks of the whole DACCS system after being informed of the components of the process, including energy sources. These results suggest that public engagement efforts should be holistic, “fine-grained, and sensitive to public knowledge of NETs,” as community values and perceived urgency of climate change will vary based on socio-political and environmental contexts (Satterfield et al., 2023, p. 13). Although public acceptability tends to be higher for nature-based CDR than for NETs, it also largely depends on how the risks and benefits of new infrastructure and technology projects are framed in public discourse; stakeholders may be more open to engineered solutions with gigaton-scale removal potential if they receive adequate information during the engagement process (Buck, 2016; Bellamy, 2022; Cooley et al., 2023; Satterfield et al., 2023). In turn, this depends on the dynamics and social relations in a particular social context, as well as effective government communications, which makes this policy dimension especially important in the early stages of the transition and DACCS scale-up. Canadian policy discourses on just transitions have encompassed the potential transitional role of CCS, providing a foundation for similar discussions in relation to DACCS.



TABLE 9 Summary of policy and objectives in social acceptability and public interest.
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Although recent government publications and plans have signaled that the Government of Canada intends to integrate CDR, CCS, and DACCS into the national climate strategy, there is generally insufficient public communication about the technology to accompany this signal for scale-up (Government of Canada, 2021; Environment and Climate Change Canada, 2022). Thus, the main policy concerns for this domain are tailoring and general improvements to public engagement processes. Existing processes for public consultation, such as environmental impact assessment, are project driven, which provide an opportunity for public understanding of localized, environmental impacts. There is, however, a significant gap in opportunities for higher order, strategic assessments, involving public awareness and consultations that would look at the long-term strategy associated with scaling up DACCS. The 2023 Carbon Management Strategy, which outlines long-term strategies for meeting Canada’s net-zero commitments through CCUS and DACCS describes a public consultation process, but in doing so focuses exclusively on actions in support of the approach. Among the key policy tools identified in the strategy is the investment tax credit for CCS and DACCS, but when this instrument was released it was subject to trenchant opposition from some quarters. The close association in Canada between CCS and DACCS presents a risk that concerns over the ability of CCS to further entrench fossil fuel interests will spill over to DACCS (Anderson, 2022). Another potential mechanism for public awareness, the Canada Net-Zero Emission Accountability Act, which includes an advisory board that produces reports to guide the (federal) government’s pathway to net-zero has not engaged in any significant analysis of the role of DACCS in transition plans.

The current, modest levels of CDR activity in Canada have not been without controversy. The ITC, which covers CCS and DACCS, was opposed by a number of environmental groups and academics in Canada on the basis that it was a further form of subsidization to the fossil fuel industry and would delay more meaningful decarbonization efforts (Anderson, 2022). DACCS-related infrastructure, particularly at large scales, may give rise to public and Indigenous opposition similar to what has been seen with pipeline and other large infrastructure projects in Canada (BBC World News, 2020). The dynamics of social opposition and acceptance will influence net-zero pathways at a systemic level. An important aspect of public consultation in Canada is the constitutional duty on the government to consult Indigenous groups where government decisions have the potential to impact Aboriginal and treaty rights under 35 of the Constitution Act (1982). Insufficient Indigenous consultation has had a major impact on numerous infrastructure projects in Canada, such as pipelines and dams, and has increasingly turned to discussions on benefit sharing arrangements between resource developers and Indigenous groups (Exner-Pirot and Ignasiak, 2023). There is little evidence of Indigenous engagement on the scale-up of CCS and DACCS in Canada, notwithstanding that storage activities occur in areas that are subject to Aboriginal and Treaty rights, and a rising recognition of the role of benefit sharing in carbon management activities (Government of Canada, 2022). Beyond the Canadian government’s duty to consult Indigenous groups, these gaps and tailoring needs for policy extend to other countries planning to implement large-scale CDR-related infrastructure projects. Specifically, in preserving Indigenous peoples’ right to free, prior and informed consent in countries that have ratified the United Nations Declaration on the Rights of Indigenous Peoples. In the context of a sociotechnical transition, infrastructure projects and land use changes must be designed to address rather than exacerbate the vulnerabilities of local communities by creating low-carbon job opportunities and providing benefits to aid sectors in transition. Improving the public’s awareness of these technologies is important in the transition process. The socio-technical regime, according to Geels (2002), includes cultural and symbolic meaning. Context-appropriate communications about NETs at national, provincial, and local levels impact the symbolic meaning of the technologies in society, potentially reducing their perceived risks through techno-scientific knowledge sharing. This, in turn, influences user preferences and markets within the regime, helping project developers secure a social license to operate and avoid delays caused by societal backlash if a project is perceived as illegitimate or harmful. On the other hand, failures to address legitimacy concerns associated with technologies, or aspects of the transition can erode social acceptance.




5 Situating DACCS in a socio-technical transition

The MLP allows us to situate DACCS in relation to the key components of the existing system and the processes of change within the system. There are clear examples of niche development initiatives oriented toward the development and scaling of carbon capture technologies. These mostly include financial support for research and commercialization of the capture technologies and linked support for utilization markets, such as using carbon in cementitious material or in synthetic fuels. By introducing new ‘rules’ to the system through incentives and regulations, regulators can help niche technologies both enter the regime and fulfill a necessary role in the transition. Other technological niches will also help to leverage change and successfully implement DACCS while maximizing the efficiency of project sites (e.g., via utilization).

Our assessment has revealed that the current regime largely lacks sectoral policies specific to DACCS and CDR, which are necessary to establish a functional DACCS system. The absence of policy is obvious enough, given the newness of DACCS and other NETs. However, this analysis has also highlighted the importance of identifying the policies and infrastructure that are precursors to more specific policies and niche development. Coordinated regime changes will work to adapt infrastructure and attitudes around these technologies to weaken path-dependencies and diffuse the cost of restructuring the system and introducing new network technologies. Policies that support niche carbon utilization opportunities in the near term, for example, will influence the availability of mature utilization technologies by mid-to-late century, therefore affecting the commercial viability of DAC and opportunities to reduce removal costs further once the technologies have begun to scale. The development of a carbon utilization market will, depending on transport and energy infrastructure, also eventually influence where DACCS and CCS projects are sited, as well as more targeted regime policies on regional and national levels (Valiaho, 2020).

The scale-up of DACCS will occur in the context of regime change and a low-carbon system transition. DACCS will, in other words, become one of many technologies within Canada’s climate mitigation toolkit and within the socio-technical system, rather than simply a technology introduced mid-century to mitigate overshoot. From an MLP perspective, the embeddedness of DACCS with other systems points to the importance of incremental shifts within the existing regime as an important determinant of future pathways. If energy infrastructure planning decisions remain separate from discussions of where to site DAC and coordinate carbon transport and storage networks, then the risk of technology lock-in in Canada will increase, since pipelines and energy infrastructure are capital-intensive, long-term infrastructures. This, in turn, factors into a firm’s selection criteria when deciding where to site their facilities; in energy-intensive industries, for example, firms would be most willing to site facilities where they could access a cheap supply of energy.

Unlike many historical cases of technology transitions that have featured the substitution of one technology by another, DAC is not replacing a previous technology and taking on its role in the regime. Rather, DACCS is a technology that fulfills a service that was not previously necessary to maintain a stable regime but is increasingly viewed as fulfilling novel functions that are necessary due to landscape conditions. As Geels (2011) notes, sustainability transitions are purposive, in contrast to transitions driven by market structures. An important question in the Canadian context is who is shaping these purposes and the function of DACCS within the emerging net-zero transition. In this regard, DACCS has a complicated relationship to the existing regime. The dominant regime includes the infrastructure and technologies of a fossil fuel-intensive economy. Replacing this economy and repurposing existing infrastructure will be an important part of managing the transition. The process of developing a DACCS sub-system within the larger Canadian socio-technical system is largely congruent with that objective because, for the purposes of carbon storage and transport, DACCS and other NETs can make use of some existing pipelines and depleted oil wells. The storage dimensions of DACCS are similarly aligned with the dominant regime as they have potential to share transportation and storage infrastructure with CCS.

DACCS is portrayed as simply part of a larger carbon management plan that includes point source capture and carbon utilization (Natural Resources Canada, 2023), meaning the development of DACCS and CCS draw on common policy instruments and infrastructure. DACCS does not directly threaten the fossil fuel based political economy since it is not intended to replace existing energy sources. Nonetheless, DACCS may be a significant driver in future energy decisions, as its efficiency as a carbon removal process is strongly dependent on the scale of non-emitting energy.

Geels and Schot (2007) note that different configurations of landscape pressures and the extent to which niche innovations are competitive or symbiotic with the existing regime will lead to different transition pathways. At this early stage, the transition pathway for DACCS in Canada has some characteristics that are consistent with a “reconfiguration” pathway, where the niche innovations have symbiotic relations with the existing regime and are adopted as add-ons, which may be adapted over time and reconfigured in response to landscape pressures. What is unclear at this stage is whether DACCS is a means of catalyzing a shift within the broader system or if it will further entrench path-dependencies in the currently dominant regime. In exploring this tension that DACCS creates between transformation and stasis, Asayama (2021) sees some potential for policy design to limit the extent to which DACCS acts as a reinforcing technology. In our examination of the Canadian policy framework, we saw no indication of policies that would have as their goal the realignment of DACCS away from fossil fuel industry interests.

A key finding of this study is that many of the types of policy actions that the government should undertake do not belong to a single domain or sector. Rather, the objectives that DACCS system policies must fulfill extend to multiple parts of the system, which requires cooperation between different actors and coordination across government institutions. For example, clarifying carbon storage regulations not only enables developers to design transport and storage infrastructure, it also reduces uncertainty for investors, which helps DAC projects secure funding; with effective public communication, these clarifications can also promote social acceptability in Canada.

The interdependencies within the system are a defining characteristic of complex systems generally and suggest the presence of leverage points – points of intervention within the system that will most effectively transition the system (Meadows, 2008). Our study was not directed toward establishing leverage points, but we can observe a number of potential candidates that deserve further attention. For example, CCS development provides a commercially viable pathway to scale up storage sites and build related infrastructure and expertise. Carbon from CCS is often used for enhanced oil recovery (EOR) where it is injected to access an otherwise inaccessible output from depleted oil wells, which furthers its commercial value. While carbon from CDR may be used for EOR, many of the articles we selected cautioned against this business model due to its potential to detract from mitigation. However, other research has found EOR yields a net reduction in the carbon intensity of oil since injected carbon is stored permanently, which makes it a marginally more sustainable alternative to oil extracted through conventional methods (Sminchak et al., 2020; Clean Air Task Force, 2021). The CCS system is likely to influence the shape of a DACCS system that builds upon this foundation. The potentiality of CCS and EOR operating simultaneously suggests a need for policy to promote permanent carbon storage and utilization above other uses that entail reemission (or at least include a strategy for transitioning away from point-source CCS and EOR once fossil fuel production declines). In Canada, CCS is mostly being bought and paid for by the oil and gas industry, who are paying because they want to preserve the long-term viability of their industry, not just prolong its life by a decade. The Canadian ITC will not credit EOR uses of carbon (crediting only predefined “permanent” uses and storage) and has defined end-date, unlike the tax credit policy in the U.S which provides credits for CCS projects that use EOR; this difference may reduce lock-in risk by comparison (U. S. Department of Energy, 2021; Department of Finance, 2022), but may also place Canadian developers of DACCS at a competitive disadvantage.

Energy policy – specifically, the ability to provide large amounts of non-emitting power – drives the overall viability of a DACCS system and will drive siting decisions, which technology developers will need to leverage to support energy-intensive niches. A third potential leverage point is the presence of a robust carbon pricing system, which provides a commercialization pathway for DACCS. Carbon pricing alone will not be enough to incentivize uptake, but it does help to reorient the objectives of the system and support the viability of niche technologies during and after they ‘incubate’ with the support of subsidies, private investment, and regulatory support. The federal benchmark for carbon pricing in Canada will rise to 170 CAD by 2030; if policy support can help CDR and DACCS technologies scale and lower their prices by the end of the decade, removals could be cheaper than the carbon tax (Environment and Climate Change Canada, 2022). Both Climeworks and Carbon Engineering expect their technology’s removal cost to fall below 100 USD per tonne in this approximate time frame, although other estimates are less optimistic (McQueen et al., 2021). Though the cost of nature-based removals and abatement are lower than both in the near term, their marginal costs will also rise as land becomes scarcer and firms exhaust lower-cost abatement options (Fuss et al., 2018; Gillingham and Stock, 2018). The policy framework in Canada is oriented toward a market structure for DACCS, as evidenced by the phase-out timeframe of the investment tax credit, which suggests an intention to limit subsidies over time, and an expectation that DACCS will transition to a self-supporting commercial model. We note that the alternative is a procurement or mandate model, but there are no indications within the policy framework that this is an anticipated orientation. A final potential leverage point is the degree of social acceptance of DACCS and its components. Social acceptance will influence the physical siting challenges, which will be shaped by risk perceptions. Acceptability may affect the ability of governments to subsidize DACCS development over an extended period and at what may be high levels. Social acceptance will also operate on a more diffuse level, affecting whether DACCS is viewed as a constructive element of the net zero transition or as a dangerous distraction. There is evidence of these opposing framings shaping the Canadian discourse around government support for DACCS.



6 Conclusion

Large-scale CDR and DACCS deployment will be highly context-specific, as will the long-term approaches for managing the technologies. This research was motivated by a recognition of the need to investigate the structure and policy content of national-level policy frameworks that will support and shape DACCS development and scale-up. The importance of national contexts for CDR and DACCS development pre-existed this study, but our study builds on the literature by providing a first in-depth analysis of a nascent national-level DACCS system and the findings provide empirical support for this position.

An important contribution of this study is the methodological approach we developed to map the contours of the DACCS policy framework in national settings. A key advantage of our approach is that by starting with broader policy objectives and matching those objectives to a database of existing policies, we were able to identify the policy framework in a more comprehensive fashion, then analyzing policies that are framed as explicitly directed toward CDR or DACCS. We believe that the approach is replicable in other jurisdictions, and there would be benefit in further country-level studies that share a common approach to support inter-country comparability.

The policy objectives identified in the CDR and DACCS literature are represented within a complex array of pre-existing policy instruments and programs within Canada. These policies are in many cases not oriented toward DACCS, and as such will be subject to a variety of political and economic influences. The system may be characterized as having pockets of DACCS specific policies, which operate in a larger system that is not intentionally directed toward DACCS or CDR. This finding aligns with the MLP in that change within the system will be a function of both the pre-existing stricture as well as the exercise of agency within the system.

This points to a more overarching gap that is evident within the DACCS policy framework. Many of the existing policy processes drawn upon respond to local and often shorter-term priorities, at the expense of more strategic-level guidance. This, in our view, is most evident in the complex interplay between CCS and DACCS in Canada, where resource interests are able to shape the emerging CCS system and draw on the promise of DACCS to move the system toward net zero. However, there is little evidence of how the transition from a CCS-dominated system to DACCS would be managed. Existing policies will need to be tailored to enable a transition between the two and ensure CDR-specific strategies at all levels of government, including a robust MRV process, an overarching deployment plan, and cohesion across different policy domains.

Many of the policy domains for DACCS deployment, such as geological storage regulation and energy policy, are under the jurisdiction of provincial governments, which creates a potential disjuncture between the federal government’s ambitions and long-term strategies for DACCS and the policy authority to influence those outcomes. Since DACCS deployment will depend on provincial involvement, federal/provincial cooperation appears to be a key structural variable within the system. Different provinces are likely to hold divergent interests in climate solutions that will shape the regime structures within their respective provinces. This is already manifested in the regionalized approach to CCS, which is focused in Alberta and directed toward the maintenance of oil and gas exploitation within that province. The federal government has its own levers, such as tax policy and innovation support, but climate and energy policy are deeply politicized in Canada, with implications for the exercise of power by both federal and provincial governments (Fertel et al., 2013; MacDonald, 2020).

The specificity involved in coordinating action and supporting CDR scale-up points to a further potential advantage of national-level policy studies for DACCS. Identifying the policy framework and mapping out the interconnections between policies provides a foundation to examine the political economy of DACCS. Political power and the ability to influence how DACCS is framed, is an important element that will impact the acceptability of DACCS (Buck, 2016; Bellamy, 2022). For example, the alignment of DACCS with existing resource structures provides a potential explanatory basis for the current government support of DACCS that requires further attention. The demand for CDR amidst the climate crisis will grow over the coming decades, along with the demand for NET-focused policy research. Thus, investigating the impact of DACCS politics on the transition process will be especially salient as the levels of technology deployment and CDR capacity rise.
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Footnotes

1   In this paper we use the acronym “DACCS” to describe the system components as a whole (direct air capture and the transportation and storage of carbon). We use the acronym “DAC” to describe the direct air capture component alone.

2   Several relevant articles have also been published since we completed data collection, which may be useful in future studies of this kind.

3   Though number of citations on articles was included in early selection, it was not ultimately relevant because many gray literature sources lacked such numbers and because of the recency of some of the articles (e.g., at the time it was selected, Erans et al., 2022 had 34 citations and now has 182).
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Key objectives Policy examples Objectives met Policy gaps and

tailoring needs

« Ensure projects assess the Federal: + Funding for clean technology « Ensure projects assess the
techno-economic feasibility of |+ Impact Assessment Agency of Canada: Impact innovation and currently techno-economic feasibility of
DACCS deployment within a Assessment Act developing more comprehensive DACCS deployment within a
particular energy systemand |+ NRCans: Strategic Interties Pre-development Program national plans and guidelines particular energy system and
resource contextand increase |+ Canada Energy Regulator Act + Government s funding necessary | resource context and increase
renewable energy capacity i the |+ NRCan: Expansion of clean electricity energy transition infrastructure renewable energy capacity in
system overall + NRCan: Regional Energy and Resources Tables and and improving grid management | the system overall

« Co-locate projects with collaboratively developing carbon management and « Fossil fuel energy phase-out
non-intermiltent renewables or energy development work plans (Natural Resources (particularly in key provinces
waste heat Canada, 2023) sill reliant on fossil

Fund transition infrastructure

NRCan: Establishing Pan-Canadian Grid Council fuel energy)

and restrict new fossil fuel

ECCC: Phase out of coal-fired electricity

energy development (manage |+ NRCan: Smart grids
industry decline) Provincial:
« Alberta: Renewable Electricity Act

Alberta: Coal-powered electricity phaseout
Alberta: Ol Sands Emissions Limit Act

British Columbia: Industrial Electrification Rates

British Columbia: CleanBC Program for Industry

Nova Scotia: Emerging Renewable Power

Nova Scotia: Offshore Energy Research Association

Newfoundland and Labrador: Clean technology

research and development

Newfoundland and Labrador: Clean Technology
Tax Credit

Quebec: Quebec’s 2030 Energy Policy
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Key objectives

Have a protocol or regulation
in place to regulate
permanent geological carbon
storage that differentiates
between types of CO; storage
and their respective level of
security and risks
(particularly when issuing
offset credits for storage)
Clarify pore space ownership
and establish liability
(particularly in the case of
new offshore developments)
Have guidelines for siting
CDR projects proximate to
known, accessible storage
space; make maps of existing
storage publically accessible
Design transport and storage
infrastructure networks and
repurpose existing
infrastructure or shared

infrastructure where possible

Policy examples

Federal:

Canadian Environmental Protection Act (CO; and other GHGs

designated ‘toxic substances)

Party to the London Convention on the Prevention of Marine Pollution
by Dumping of Wastes and Other Matter
NRCan CanmetENERGY: Canadian CCUS Assessment Framework,

‘open source tool for national carbon management (Natural Resources
Canada, 2023)
Geologic Survey of Canada and NRCan CanmetENERGY: compiling

data on domestic storage and transport

Department of Finance: Investment tax credit for carbon capture,
utilization, and storage (only geological storage and concrete are ‘ligible

uses’ because they are permanent)

CER responsible for regulating cross-border (interprovincial and

international) pipeline transport

NRCan cannot issue seabed CO; injection licenses under the Federal
Real Property and Federal Immovables Act, while ECCC cannot issue
permits for seabed CO; injection under Canadian Environmental
Protection Act (CEPA) (Webb and Gerrard, 2021, iv). Natural Resources
Canada (2023) indicates that adding CO; to Schedule 5 of the CEPA is
in progress
Provincial:

British Columbi
British Columbia: Petroleum and Natural Gas Act: PETROLEUM AND
NATURAL GAS STORAGE RESERVOIR REGULATION

British Columbia: Energy Statutes Amendment Act

arbon capture and storage regulatory framework

Alberta: Mines and Minerals Act

Alberta: Carbon Sequestration Tenure Regulation

Alberta: Technology Innovation and Emissions Reduction (TIER)
Regulation

Alberta: Alberta Emission Offset System (part of TIER; generates
double credits)

Alberta: Alberta Carbon Trunk Line, Quest, and the Alberta

Carbon Grid

Saskatchewan: Oil and Gas Conservation Act, 0-2

Objectives met

Provincial policies are
beginning to regulate
permanent geological
carbon storage and
differentiate between
types of CO; storage
and their respective
level of security and
risks. Federal policies
have begun to clarify
offset crediting protocol
Existing pipeline
networks,storage
policy/sites, and pore
space regulation from
ofl and gas sector
regulation can

be reused

Policy gaps an

tailoring needs

Adapt existing policy to
clarify pore space
ownership, liability, and
overall CO; storage
regulations in provinces
besides BC, AB, & SK
(differentiate types of
storage and account for
CO; accordingly)
Federal guidelines for
storage,siting projects
appropriately, and
clarification on existing
legislation (ic.,
application of CEPA,
particularly for offshore
capture, storage, and
energy generation
Make (CCS) CO;
transport plans publicly

available (in progress)
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Policy domain Status of objectives

Present Partially Absent

Climate mitigation policy (36) 17 13 6
Energy policy and local resource 6 4 5
constraints (15)

Carbon transport and storage 3 4 7

regulation and infrastructure (14)

Policy for financing scale-up and 12 4 2
supporting innovation (18)

Removal/capture technology 5 6 8
availability and regulation (19)

Social acceptability and public 8 5 1
interest (14)

This table shows hov the objectives were assessed for each domain in the Canadian context,
while the total objectives in each are listed in the first column. The objectives totaled in
columns two through four include higher level and sub-objectives.
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Key objectives

Have a carbon pricing system
in place, disclose planned
increases and overall long-
term climate strategy to
reduce uncertainty and align
with international targets.
Maintain price stability

when possible

Establish emissions standards,
sector-specific
decarbonization objectives,
andlow-carbon alternatives,
especially for high-emissions
and HTA industry

Disclose the planned role for
CDR and prioritize reduction
targets over removal targets
(and disaggregate the two)
Maintain robust MRV and
carbon offset crediting

regulations

Policy examples Objectives met

Federal: + Carbon pricing systems and

« ECCC and Canada Revenue Agency: Greenhouse Gas Pollution emissions standards are in
Pricing Act place at the federal and

+ ECCC: Output-Based Pricing System Regulations provinciallevels.

+ ECCC: Clean Fuel Standard « Policies prioritize

+ ECCC: Federal Fuel Charge decarbonization and align

+ 2030 Emissions Reduction Plan with international goals

+ NRCan: National Carbon Management Strategy and standards.

« Paris Agreement: Canada’s Enhanced Nationally Determined + Governmentis developing
Contribution aims for “40-45% reductions below 2005 levels more specific rules for CDR
by 2030” in carbon accounting

« Innovation, Science and Economic Development Canada: Steel and MRV.

project decarbonization investments (hard-to-abate sector)

ECCC: Emissions cap on the oil and gas sector

ECCC & Canada Revenue Agency: Greenhouse Gas Offset
Credit System
ECCC: Canadian Net-Zero Emissions Accountability Act

Canada membership in international First Movers Coalition

National Inventory Report methodology

Provincial:

Alberta Emission Offset System

Alberta: Technology Innovation and Emissions Reduction (TIER)
Regulation
British Columbia: Carbon Tax

Newfoundland and Labrador: Hybrid carbon pricing system

Nova Scotia: Cap-and-trade program

‘The Management and Reduction of Greenhouse Gasses

Regulations; Saskatchewan Fuel Charge

British Columbia: Cement Low Carbon Fuel Program

Policy gaps and
tailoring needs

Lack of clarity on the
planned role of DACCS in
‘meeting Canada’s climate
goals; policy distinction
between reductions and
removals (particularly for
crediting purposes)
Establishing regional hubs
and inter-state cooperation

in the transition process.
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Key objectives

Increase public awareness and
acceptability of DACCS via
policies that establish public
education campaigns, reduce
uncertainty and address risk
through local consultations and
community engagement
Identify public concerns and
community vulnerabilties to
ensure technology projects
‘minimize harm and confer
community benefits

Design system changes in

accordance with a ‘just transition’

Policy examples

Federal:

« Impact Assessment Act

Duty to consult, . 35 of the Constitution Act

Cabinet directive on regulation s 4.1

2030 emissions reduction plan (increases

awareness by discussing CDR and DAC)

ECCC Supporting Sustainable Jobs Program

+ Employment and Social Development Cana

Sectoral Workforce Solutions Program

Investing in Canada Community Employment
Benefit for major infrastructure projects

+ NRCan: National Benefits-Sharing Framework
Provincial:

+ Benefit agreements/resource benefit sharing

agreements at provincial and municipal levels

Objectives met

‘Some policies are in place to
ensure job transition programs,
public consultations, and
impact assessments happen

In the process of increasing
benefit sharing via

national frameworks
‘Government communications
and policy include just
transition’ framing of the

decarbonization process

Policy gaps and tailoring
needs

Insufficient government support for
public awareness, communication
about NETs, and the need for
saale-up

Requirements for terative public
consultations and community
benefits (potential to amend existing

requirements)
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Key objectives

Correct ‘market failures' through
R&D for low-carbon technology,
NETs, and requisite infrastructure
Provide incentives (and other market
signals) to reduce investor risk,
establish an economy of scale for
DACCS, and ultimately bring down
cost barriers and improve
technology performance

Help establish multple streams of
revenue for developers-not just
subsidy (e.g, niche utilization

opportunities)

Policy examples

Federal:

NRCan: Energy Innovation Program
ECCC: Low Carbon Economy Fund

Innovation, Science and Economic Development
Canada: Net Zero Accelerator

ECCC: Clean Growth Program

Innovation, Science and Economic Development

‘Canada: Clean tech project investment

Innovation, Science and Economic Development
‘Canada: Sustainable Development

Technology Canada

Department of Finance: Investment tax credit for
carbon capture, utilization, and storage
Provincial:

+ Alberta: CCS investments

Objectives met

Government incentives are in place
10 support the research and
development of new technologies
that will be a part of the transition.
‘The government s in the process of
introducing policies (tax credits,
rebates, further incentives) to
incorporate DAC and CDR into the
climate plan and carbon pricing.
Plans aim to help developers secure
multiple streams of revenue
(government support, private

investment, and niche markets).

Policy gaps and

tailoring needs

« Lack of information/
uncertainty surrounding
plans, incentives, and other
policies related to CDR
currently in development
(e.g. ITC rules, the
sustainability and path-
dependencies implied by
allowing EOR at scale,
flexibility for adapting policy,
the extent of government
intervention, including
‘government procurement

prospects).
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Introduce CDR and CCS-specific regulations,
development plans, and near-term
incentives/R&D programs (and diversify
investments in them)

Differentiate between types of CDR, NETS, and
DAC to plan around their respective needs,
limitations, potential, and impacts

Define the regime’s model for DACCS policy

(e.g. public utility/waste management model)

Policy examples

Federal:

NRCan: Carbon Management
Strategy (in development)
NRCan-Energy Innovation
Program: Carbon capture,
utilization and storage RD&D Call
Department of Finance: Investment
tax credit for carbon capture,

utilization, and storage

bjectives met

Government is
beginning to develop
CDRand CCS
specific policies.
Diversifying NETs
investments

and plans.

Policy gaps and tailori

Long-term policy considerations: uncertainties
in plans to help developers transition from pilot
facilities to large-scale projects and
NET-specific regulation

Non-market mechanisms: government (federal
and provincial) strategy to avoid mitigation
deterrence, plans for deployment mandates,
CDR quotas, credit procurement, or framing
CDR as a public good (if appropriate)
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MtCO, removed with DAC per year in Canada
2030 2050 2075 2100

Cumulative DAC by 2100

Shared Socio-economic Pathways in a 2°C scenario (MtCO,/yr)

SSP 1: Sustainability 002 008 430 1343
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Canada.





