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Abstract

:

Transport is associated with high amounts of energy consumed and greenhouse gases emitted. Most transport means operate using fossil fuels, creating the urgent need for a rapid transformation of the sector. In this research, we examine the transport systems of Norway and Canada, two countries with similar shares of greenhouse gas emissions from transport and powerful oil industries operating within their boundaries. Our socio-technical analysis, based on the Sectoral Innovation Systems approach, attempts to identify the elements enabling Norway to become one of the leaders in the diffusion of electric vehicles, as well as the differences pacing down progress in Canada. By utilising the System Failure framework to compare the two systems, bottlenecks hindering the decarbonisation of the two transport systems are identified. Results indicate that the effectiveness of Norway’s policy is exaggerated and has led to recent spillover effects towards green shipping. The activity of oil companies, regional and federal legislative disputes in Canada and the lack of sincere efforts from system actors to address challenges lead to non-drastic greenhouse gas emission reductions, despite significant policy efforts from both countries. Insights into the effectiveness of previously implemented policies and the evolution of the two sectoral systems can help draw lessons towards sustainable transport.
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1. Introduction


The Paris Agreement set the target of limiting the rise of global temperature well below 2 °C. During the last decades, power generation has been the biggest worldwide pollutant, followed by transportation [1]. The latter plays a critical role in people’s daily life, satisfying personal as well as commercial needs. National economies heavily depend on the development of this sector, but its environmental impact dictates the need for drastic decarbonisation. Most transport means operate using fossil fuels and are responsible for 57% of the global oil demand [2]. The sector accounts for 23% of the world’s final energy use and 14% of the global anthropogenic greenhouse gas (GHG) emissions [3]. Therefore, the transformation of transport worldwide, in line with efforts towards reaching a global low-carbon economy, should be intensified.



Both passenger and freight transport are relevant for examining the diffusion of innovation in transportation, since they contribute almost equally to the sector’s final consumption [4]. Road, rail, water and aviation are the major motorised transport modes. Apart from energy efficiency improvements, transport decarbonisation entails the penetration of low-carbon technologies, such as electrification, as well as the exploitation of less conventional fuels, such as biofuels and hydrogen. In particular, electric vehicles (EVs) are broken down into three categories: battery electric vehicles (BEVs), depending exclusively on electric energy; plug-in hybrid electric vehicles (PHEV), which operate similarly to ordinary hybrid cars, with the only difference being they can also be charged; and fuel cell electric vehicles (FCEV), which use hydrogen to produce the electricity required to meet their energy demands—although, considered as EVs, they mainly depend on hydrogen [5].



Accretive technological improvements alone are not sufficient to cope with sustainability challenges [6]. Socio-technical systems require deep changes in order for these challenges to be addressed. Aiming to understand the systemic change, system thinking and design are important factors [7]. Studies on innovation systems enable the understanding of the dynamics of socio-technical change through the connections between actors and networks, institutions, knowledge and technologies [8,9].



The scope of this study is to map the transport sector of Norway and Canada from a low-carbon transition perspective, by examining the structure and functions of their innovation systems and assessing potential barriers that could hinder the use and diffusion of sustainable technologies. Drawing from the examination and comparison of the systems, our objective is to gain insights into the effectiveness of implemented policies, inform on emerging pleas from within the systems and provide lessons to policymakers regarding the next steps of a transition to sustainable transport. The two countries were selected based on their profiles, which are similar in terms of GHG emissions, since the transportation sector has historically been a major emitter with similar shares in both systems, accounting for almost 24% of each country’s total emissions. Oil and gas extraction is a common dominant emitter [10], while the potential or penetration of renewables is also similar. The two countries are different in terms of innovation diffusion: although they both feature high shares of transport emissions as well as a high contribution of renewable energy sources (RES) in the national energy mix [1], their EV shares in the transport mix differ significantly.



This difference enables the knowledge transfer between the two systems, leading to effective policy recommendations. Norway’s initiatives can provide valuable lessons to Canada. However, the exchange of knowledge is not only from Norway to Canada, since the progress achieved by Norway is shown to be limited and does not place the country in a fundamentally better condition. From that perspective, Canada can also provide lessons, acting as a benchmark for Norway to properly evaluate policies, without exaggerating their effectiveness. At the same time, both countries are locked into their domestic oil reserves, but in a different manner: although Norway holds significantly less oil reserves, a share (usually less than 3%) of the surplus of its state-owned oil fund (the world’s largest of its kind) is used to balance the national budget.



To support our analysis, we build on the Sectoral Innovation Systems (SIS) framework [11], which enables us to examine the multidimensional dynamics [9] of the transport sector, aiming to identify the role of different actors in driving the transition towards carbon lock-out. This comparison is further elaborated by means of the System Failures (SF) framework [12], which investigates potential barriers to the diffusion of a specific technology—in this case low-carbon transportation methods, which are essential for climate change mitigation. In a review of sustainable transport research, Zhao et al. [13] showed that the discussion surrounding transport policy places significant emphasis on sustainable transport indicators, which however failed to effectively influence policy. Instead, the combination of the two qualitative frameworks selected in our study allows us to delve into market and public responses, which are decisive for assessing the effectiveness of policies without exaggerations [14].




2. Background


Norway is placed 61st in the list of global CO2 emitters, whereas Canada is the 11th biggest emitter, accounting for almost 1.5% of the global emissions [15]. Currently, the major energy sources in both countries are oil products and electricity, while in Canada natural gas also holds a significant share (Figure 1). A distinct characteristic of Norway is that 95% of the electricity produced comes from hydropower, while the respective share in Canada is about 60% (Figure 2) [16]. However, large inequalities in the distribution of Canada’s resources create significant differences among the provinces [17], as is the case with the abundant hydropower potential in the region of Quebec [18]. This could be a factor for enabling the transition to EVs, especially in certain regions with an increased share of renewable energy production. On the other hand, Canada is among the top 5 oil producers and top 10 oil consumers, owning a great number of domestic oil reserves, accounting for 10% of the world’s reserves [19]. This might hinder the energy transition of Canada’s transport sector, since domestic reserves ensure reliability and security of supply. Norway owns a number of domestic oil reserves as well, but they are 20 times lower than Canada’s, and two thirds of its oil production is exported [20,21].



The transport sector contributes to the final energy consumption with 22% and 31% in Norway and Canada, respectively, and is dominated by the use of oil products, as shown in Figure 3. It should also be mentioned that the oil contribution in Norway’s transport sector has dropped since 2011, with biofuels marking an increase since 2015, while in Canada the share of oil remains almost stable.



Regarding GHG emissions, the transport sector is one of the main contributors in both countries, accounting for almost 24%, while another major emitter is oil and gas extraction (dominating the Manufacture of Solid Fuels and Other Energy Industries category in both countries), surpassing the emissions from transport in Norway (Figure 4).



In its 2015 Nationally Determined Contributions (NDC), Norway set a target for 40% of CO2 equivalent reduction until 2030, compared to 1990 levels, in cooperation with the EU. In the following 2019 climate action pledge, a target of 35–40% cut in the transport sector, compared to 2005 levels [22], was established; in 2020, the country further strengthened its overall targets to 50–55% [23]. Regarding transport, emissions have been slowly decreasing since 2013 (Figure 4 and Figure 5)—the dip in 2017 was mainly caused by an increase in biofuels. Still, in 2017 the sector was among the top GHG emitters, with oil and gas extraction slightly trailing, and according to SSB data, transport emissions increased again from 2017 to 2018 [24]. Preliminary figures suggest that transport emissions dropped again in 2019: 7.7% in road transport (mainly driven by biofuels) and 6.5% in domestic sea and air transport [25]. Nevertheless, there is a need to take stricter measures to mitigate CO2 emissions, while considering the country’s ambition for all new passenger vehicles and light trucks to achieve zero emissions by 2025 [26]. Canada has also set targets, under the Paris Agreement, to achieve a 30% CO2 emission reduction, compared to 2005 levels. Contrary to Norway, Canada expects zero-emissions vehicle sales to have a 10% share, steadily reaching 100% by 2040 [27]. Neither country has made significant progress in decarbonisation, with Canada’s total and transport GHG emissions reaching higher levels than in 2005, while Norway managed to slightly reduce its total and transport emissions by 5% and 6%, respectively, compared to 2005. This observation plays an important role when comparing policies between the two countries, since even in the case of Norway, progress is very limited compared to the country’s pledges.



As far as carbon intensity is concerned, Norway has been showing a decrease in road transport since 2006, and in 2017 the carbon intensity of road consumption was 61.3 g CO2/MJ; to put this into perspective, industry, which is another energy-intensive sector, had a carbon intensity of 24.9 g CO2/MJ in the same year. Similarly, Canada’s carbon intensity in road consumption has also been dropping since 2006, reaching 67.3 g CO2/MJ in 2017, whereas in industry it equals 35.1 g CO2/MJ. However, both countries’ road transport carbon intensity remains lower than the global level (68 gCO2/MJ) [16].




3. Methodology


Systems of Innovation frameworks are widely used to analyse the importance of a system’s actors, networks and processes towards the technological change occurred in a specific system [28]. In particular, the SIS framework examines the interactions between actors and networks, as well as the impact of several factors on a sectoral level [9,11,29,30]. This framework has been a useful tool for a plethora of research papers examining various sectors. Indicative examples include the studies of Rogge and Hoffmann [31], Wesseling and Van der Vooren [32] and Rho et al. [33], which investigate case studies on power generation, the Dutch cement industry and the Chinese semiconductor industry, respectively. In comparison, our research focuses on the decarbonisation of the transportation sector of Norway and Canada, describes all sub-sectors of the transport sector (road, rail, sea and air) and is divided into four specific sections: “actors and networks”, “institutions”, “demand” and “learning processes and technologies”, as proposed by Malerba [11]. The examination of these four factors is deemed important, since the technological progress of a sector is heavily affected by their co-evolution, which can play an important role in technological adaptation [34,35]. For instance, knowledge and technological processes provide important information on the ability of new environment-friendly technologies to penetrate the studied system, by examining the existent habits of the system actors. The SIS framework has been a dependable tool for much research in the transportation sector. For example, Thiel at al. [36] examined the decarbonisation of transport focusing on policy investigation rather than technological innovation; Chan and Diam [37] focused on policies regarding the Chinese transport sector; while Schade [38] studied the EU transport sector from various perspectives, including decarbonisation. Nonetheless, our approach differs from other studies by broadly capturing various systemic aspects of the transportation sector, with a focus on innovation progress and capacity as well as potential sectoral failures.



In this respect, we also integrate the SIS analysis with the SF approach [12], in order to assess and compare the potential challenges that each transport system encounters on its way to decarbonisation through the diffusion of innovative technologies. The SF framework examines potential barriers that may lead to a system’s failure and separates them in four types: institutional, infrastructural, capabilities and interactions. This approach is considered essential for a better understanding of transition processes. The SIS framework alone may be able to include a broad picture of the innovation system and its structure, but it does not always suffice for the identification of specific barriers related to the diffusion of new technologies. Complementing it with the SF method can greatly contribute to the understanding of the examined systems.



In comparison with other studies, in which the SF framework is mainly used for the examination of industrial systems [39,40], our research conducts a comparative analysis of the transportation sector of the two countries. The main research questions posed during this comparison regard the structure of each county’s sector, their differences as well as their weaknesses regarding decarbonisation and the diffusion of innovative technologies. The outputs of this analysis may act as valuable policy insights for countries and policymakers to plan their future actions. Figure 6 presents the methodological approach followed in the study.




4. The Norwegian Transport SIS


4.1. Actors and Networks


The Norwegian transport sector constitutes a network of actors that cover a broad range of sub-sectors, including roads, rail, water transport (e.g., ferries) and civil aviation, operating under the governance of the Norwegian Ministry of Transport and Communications [41]. However, many of the policy instruments regulating transportation, such as taxes and regulations, are administered by other sector-overarching ministries, like the Ministry of Finance and the Ministry of Climate and Environment. Many administrative agencies operate under the Transport and Communications ministry. The Norwegian Public Roads Administration (NPRA) is responsible for the road transport system of the country, trying to increase security while implementing smart solutions. The management of the rail sector, after the Railway Reform in 2015, is shared between the publicly owned company Bane NOR, responsible for the railway network and traffic management, and the Norwegian Railway Directorate, that manages and coordinates the sector from a broader perspective, exploring potential developments. Similarly, the Norwegian Civil Aviation Authority (CAA) supervises all activities related to commercial air transport [42], while the Norwegian National Coastal Administration manages the administration of ports and seaways. The Norwegian Ministry of Trade, Industry and Fisheries is also active in the water transport sector, since the Norwegian Maritime Authority (NMA), which is subordinate to the ministry, is responsible for the ships flying the Norwegian flag and those on Norwegian waters, ensuring the legal protection and implementation of climate action policies.



As was the case with Bane NOR, the Ministry of Transport and Communications does not only rely on public agencies, but also operates a large number of government-owned companies. The Vy Group, formerly the Norwegian State Railways (NSB), constitutes one of the largest companies in the Nordic Countries, operating mostly passenger trains and bus services in Norway and Sweden, while the subsidiary company CargoNet offers environmentally friendly rail freight solutions. The operation of train lines has recently been subject to tendering, allowing competition. For instance, Go-Ahead Norway, a Norwegian subsidiary of the British company Go-Ahead, recently gained some important stretches from Vy. Targeting the mobility and tourist sector as well, the company strives towards innovation, with a fleet of 250 electric cars. The financial strength of the company— along with other public companies in bus transport, like Boreal Norge AS and Tide ASA—limits private companies to more regional markets. However, to avoid these limitations, the private company Autolink AS, focuses on distributing automobiles through its subsidiaries Cargolink AS and Motorships AS, for railway and shipping, respectively. Avinor AS is another company owned by the Ministry of Transport and Communications, owning and operating the majority of state-owned airports. The company is a key actor considering sustainable transition, currently evaluating the electrification of civil aviation and identifying potential conflicts in collaboration with the Zero Emission Resource Organisation (ZERO), an environmental organisation working towards an emission-free transport sector, among other topics. Another association aiming for sustainability in transport is the Norwegian Electric Vehicle Association (Norsk Elbilforening), focusing on the promotion of electric vehicles as an environmentally friendly alternative to personal transport. As the largest consumer interest organisation in the Nordics, the Norwegian Automobile Federation acts as a stakeholder with significant influence, engaging in a broad range of transportation issues, including EV policies. The Ministry also owns a number of constructing companies, like Nye Veier AS (New Roads), which constructs, operates and maintains some major highways, as well as BaneService, operating mostly as a sub-contractor of Bane NOR. The combination of strong government-owned companies and private enterprises attests to the major role of the government in Norway’s economy [43].



The petroleum industry is Norway’s largest industry [44]. Large companies like Equinor ASA, one of the strongest operators in Norway regarding oil and gas [45], and Norsk Hydro, which focuses mostly on aluminium, may be considered as being outside the boundaries of the Norwegian transport SIS. However, acting at the borders of the system as major energy industry agents, they have the strength to formulate transition pathways affecting the decarbonisation of transportation [46].



On the research front, a major actor in the transport sector is the Institute of Transport Economics (TØI), an institution focusing on performing applied and academic research for all sub-sectors of transport, advising the authorities and disseminating key outputs. The institution collaborates with the University of Oslo on research projects and scientific cultivation. TØI is also part of the Nordic Road and Transport Research, which is a collaboration among the research institutions of the Nordic countries, aiming to effectively disseminate results among decision makers and assisting the knowledge transfer among the countries. Another major research institution in Norway is the CICERO Centre for International Climate Research, performing interdisciplinary research on climate change from a multi-sectoral approach, including transport [47].




4.2. Institutions


Norway is frequently considered as a pioneer in climate targets, and was one of the first nations to pledge to become carbon-neutral by 2050, back in 2008 [48,49]. However, despite the promising targets, carbon neutrality is not officially legislated, creating confusion regarding the substance of the original targets and the direction of Norwegian policy [50]. In fact, the Norwegian Climate Change Act, passed in 2017, sets general targets for Norway to become a low-carbon society by 2050, but does not specify that all cuts in GHGs shall occur in Norway [51]. Norway largely follows the European Union and participates in the EU Emissions Trading Scheme (ETS) and Effort Sharing Regulation (ESR) despite not being a member state [50,52].



In 2016, the National Transport Plan 2018–2029 [26] was revised in order to transform the transport sector to reduce emissions and costs, as well as to increase the safety and use of new technologies. A coherent strategy was necessary for Norway; as acknowledged in the plan, the transport sector, accounting for a quarter of the total GHGs, is mainly driven by the low population density. To finance the modernisation of transport, around €100 billion are to be used in the twelve-year period aiming to achieve a significant emission reduction of buses, coaches and trucks, with decrease rates varying from 50 to 100% until 2030, while also increasing the percentage rate of biofuels in aviation to 30% by 2030 [53]. According to the plan, all new passenger vehicles registered in 2025 are expected to be zero-emission.



Norway is considered a leading electric vehicle (EV) country, with the world’s highest share of EVs per capita. As early as 2014, more than 18% of new cars sold were electric [54], peaking at 60% during March 2019 [55]. Since then, this percentage has slightly decreased, with sales of new cars in 2019 ending at 42% EVs and 14% plug-in hybrids [56]. Nevertheless, this is the result of a long-term effort, since the state incentivised EVs from as early as 1990: EVs were exempted from import and value added taxes, an exemption that was made permanent in 1996; in 1997, they were exempted from road tolls, while in 2000 EVs were exempted from VAT as well [57]. These incentives managed to distribute the electrification costs between end-users and the state, with economic benefits for the entire economy [58]. However, the incentive policy faced some criticism, regarding the intervention in a single technology and certain privileges, like EVs being allowed to use bus lanes, causing traffic issues [59]. Such criticisms, combined with the increased diffusion of EVs—including premium brands and models—led to the phase-out of the incentives in the form of the 50% rule, which started in 2017, aiming to limit the incentives on ferry fares, public parking and toll roads to 50% of the price of fossil fuel vehicles [60].



To explain the strong EV policies in Norway, one must take into account the broader climate mitigation backdrop of the country. There is little gain in decarbonising the power sector, since Norwegian electricity is already 95% renewable. Climate action in Norway has always been internationally oriented, meaning that Norway is occupied with fulfilling its obligations to the UNFCCC scheme and the EU climate change mitigation framework. As seen in Figure 4, the petroleum and industry sectors constitute the top GHG emitting sectors in the country. These sectors are covered by the EU ETS, in addition to a general CO2 tax (introduced in 1991), and, as such, already regulated in terms of GHG emissions. Since 1990, industrial emissions have been heavily reduced as a result of huge publicly financed R&D programmes. Conversely, emissions from petroleum extraction have increased in the same period (1990–2018) by over 70%, but cutting emissions from this sector is politically costly because of the central position of the petroleum sector in the national economy. Hence, political attention is turned to another emission-intensive sector—transport—where only aviation is covered by the ETS. According to the EU’s Effort Sharing Regulation (ESR), Norway has to cut non-ETS emissions by 40% by 2030 compared to 2005 levels, and flexible mechanisms in the ESR framework are only to be used, according to the Cabinet, if “strictly necessary”. In other words, ESR emissions should be cut domestically. Since Norway has very small emissions from buildings and waste, the agricultural sector already has an intentional agreement with the authorities to reduce emissions, and railways are largely run on renewable electricity; what is left is essentially road and sea transport. Road transport, in particular, is already heavily taxed; therefore, it is politically less costly to indirectly subsidise EVs through lower taxes than imposing more taxes and fees on road transport. For the same reasons, it is politically less costly to demand fuel retailers to blend in a certain share of biofuels into fossil fuels at the pump. The cost for taxpayers for the ambitious EV policies is, however, less visible in the public debate. In terms of sea transport, central actors see a considerable potential for economic growth in green shipping, and significant public R&D funds are therefore directed towards the maritime sector. However, the size of those funds is small compared to the R&D funds going into the petroleum sector.




4.3. Demand


Norway has an estimated population of around 5.3 million people as of 2019 [61] and is characterised by low density due to the large area covered, which subsequently leads to increased long-distance transportation [62]. However, the area of Greater Oslo has more than a million inhabitants, creating a complex system with both urban and rural elements, concentrating half of the public transport activities [63]. This sparse population pattern, coupled with the long coastline and the fact that many people and businesses are located near the sea, requires a variety of transport methods to be used on the demand side, which is also evident from the distribution of emissions seen in Figure 5, where despite the dominance of road transport, other means like water and air transport contribute non-negligible shares.



In 2018, there were 2.7 million registered private vehicles, of which 7% were electric (0.2 million cars) [64]. In 2019, there were 2.4 million households in Norway [65], meaning that, on average, each household owns one vehicle. In 2018, passenger cars covered almost 58 billion km, which is around 78% of the 74 billion km travelled by all road vehicles, including buses and lorries [66].



Domestically, passenger transport in 2018 accounted for 84,445 million passenger-km, while the transport of goods amounted to 53,081 million tonnes-km, of which 26,706 include mainland transport, while the rest refer to transport in the Norwegian continental shelf [67]. Figure 7 presents the share of each sector both in passenger and goods transport. Even though an increased percentage of maritime transport is observed for freight, the majority of goods require short-distance distribution [68], further establishing the dominance of road transport.



The ability of railway transport to convert passenger transport to revenues, accounting of around €500 million provides the sub-sector with the capacity to effectively finance innovation towards sustainability, as illustrated in Figure 8.




4.4. Knowledge, Learning Processes and Technologies


The existing technological base of Norwegian transport relies heavily on traditional fossil fuels across all individual sub-sectors. However, the increased production from renewable energy renders transport electrification an efficient pathway for the sustainability of the SIS. Initiatives throughout the broad spectrum of transport are in place, even though they are still premature, indicating the actors’ positive attitude towards the process [60].



Norway is one of the leading countries regarding the diffusion of EVs [54], having already initiated the transition towards sustainability in mobility. The country’s electricity mix relies mostly on hydropower, with a share of at least 95% (Figure 2) that could even reach 99%, depending on the yearly conditions [70]. Clean electricity production cultivates ideal conditions for climate action by means of electrification, as regions in which electricity powering EVs is sourced from GHG-intensive sources, like coal or oil, reduce or negate electrification benefits [71]. Norwegian households also rely on home charging, since 75% have their own dedicated parking [72], counterbalancing the negative infrastructural effect caused by the small ratio of fast chargers compared to BEVs in stock [73]. To build this infrastructure, a public support scheme has taken place as early as 2009, while the fast-charging infrastructure of Norway was supported mainly by local utility companies, that initiated the first round of support for the operation of fast-charging stations [74]. Despite the favourable conditions, EV diffusion is still at an early stage, as shown in Figure 9, presenting the fuel mix used in private cars in 2017.



Fossil fuels dominated in private cars in 2017, with diesel-powered vehicles constituting almost half of the fleet. The energy content per litre is higher for diesel than for petrol [75], limiting the margin for efficiency provided by EVs and showing that increasing the fuel efficiency of vehicles will require wider changes in the transport industry [76]. However, the share of electric cars among the total registered cars is progressively increasing, reaching almost 7% in 2018 and 9% in 2019 (Figure 10). The distance covered by EVs, though, during the same period, was 5.3% of the total, surpassing 7% a year later, in 2019, with EVs covering 3400 million km out of a total of 45,562 million km [77]. The use of biofuels has also increased in recent years (Figure 3), but the production cost has led to high levels of imports [78]. The controversy surrounding biofuels [79], especially regarding the unsustainability of palm oil as a source [80], coupled with policy inconsistencies related to incentives, has limited the diffusion of biofuel innovation in the Norwegian system [81]. Despite the ambitious targets set for electrification, biofuels constitute an important additional measure as part of Norway’s decarbonisation strategy for the transport sector.



Regarding water transport, efforts are also focused on limiting the use of fossil fuels in ferries and passenger boats, but also in other means of transport, like cargo trucks, by introducing alternative fuels [83]. Despite EV diffusion being the main innovation in the Norwegian transport system, the maritime sector also has a significant share in the transport of goods, as seen in Figure 7. This is also evident from the share of emissions in which road transport is dominant, but significant amounts are also produced by sea transport, as seen in Figure 5. While Norway has no car industry, its maritime sector is technologically cutting-edge from an international perspective, as exemplified by the production of the first fully electric ferry in 2015 by the Norwegian company Norled and the country’s leadership in the use of electric ships in the following period [84]. In Norway’s 2015 NDC, along with the ambition of reducing emissions in the transport sector, environmentally friendly shipping was mentioned as part of the priority areas of the country’s national policies, indicating a significant political focus on the potential for green growth in the maritime industry. In the government’s action plan for green shipping [85], multiple funding agencies were described that could provide financial support, like Enova, whose role as an important funding agency would be maintained in the following period, “Innovation Norway” with green shipping being a major recipient of almost €7 million, and the MAROFF programme from the Research Council of Norway, with the Ministry of Trade providing almost €16 million for maritime research and innovation in 2017. The collaboration between the authorities and the business sector is also important, with public-private partnerships like the Green Shipping Programme receiving more than half a million euros from the national budget in 2019. In 2016, the National Transport Plan 2018–2029 pledged that by 2030, 40% of all ships in short-distance sea shipping will use biofuels or be low- and zero-emission vessels, that all new national highway ferries will use low- or zero-emission solutions and that county municipal ferries and fast ferries will use low- and zero-emission solutions [26]. Green shipping is also part of the Norwegian stimulus packages to boost the economy in the wake of the Covid-19 breakout.



On a similar approach in the aviation sector, Avinor acquired a small electric airplane to trigger research on electrifying air transport [86], although progress is limited compared to marine transport.



In the Norwegian railway network, 62% of lines were electrified as of 2007 [87], while as of 2019 more than 1000 km of non-electrified lines existed [88], mostly covered by fossil fuels. Electrifying the remaining parts of the network or introducing more efficient fuels is a major challenge of the transport SIS in Norway, because of the costs and a sparse population pattern.



The key outputs from the Norwegian transport SIS are presented in Table 1.





5. The Canadian Transport SIS


5.1. Actors and Networks


The Canadian transportation sector is characterised by a variety of activities depending on the means used. Each transportation method is related with different associations, networks and firms. Regarding automobiles, Canada is considered one of the biggest car producers worldwide, manufacturing more than 2 million vehicles per year [89]. Although Canada is a major car producer, there is no automobile manufacturer headquartered in the country: all stakeholders are firms established in other countries, especially in the USA and Japan (e.g., GM and Toyota) [90]. Canada also hosts one of the most important bus manufacturers worldwide and the largest in North America, the NFI Group, as well as one of the major train and plane manufacturers, Bombardier Inc. Furthermore, because of its abundant fossil fuel reserves, Canada is also strongly involved in oil and natural gas production, especially in the Western provinces [91]. There are Canadian as well as international fossil fuel companies operating in Canada. Regarding the former, Suncor Energy and Canadian Natural Resources are among the biggest in the country [92]. International fossil fuel corporations are also quite active in Canada, like Chevron and Exxon Mobil. The activity of fossil fuel companies is an important factor in the system, since they are usually involved in political campaigns to promote their actions [93]. This can act as a barrier against rapid decarbonisation actions, considering that the energy industry is a large contributor to the Canadian economy [94].



Apart from vehicle manufacturers and fossil fuel producers, passenger transport operating and logistics companies also play an important role in the setup of the Canadian transportation sector and its low-carbon technological transition. Each town and city in Canada has its own urban bus transportation network, while the three biggest cities (Toronto, Montreal and Vancouver) also possess a metro system. Furthermore, some smaller cities (like Calgary and Edmonton) have a light rail system for urban transportation [95]. This plurality of independent networks and associations can lead to a greater need for cooperation and coordination, which is not easily achievable, resulting in delayed actions towards the transition to a “greener” system.



Apart from urban transportation, Canada is characterised by a variety of bus and train companies operating long-distance routes, being the second largest country in the world. Regarding freight transport, Canada hosts 70 public and private rail companies and approximately 208,000 trucking businesses [96]. Regarding sea and air transportation, there are fewer firms operating in Canada, and the majority of them are headquartered in other countries, especially for international transportation [96]. The only exceptions are the Air Canada (passenger and freight), WestJet (passenger) and Air Transat (passenger) airlines, which accommodate many international destinations [96].



As discussed above, transportation is a complex sector, as it consists of many sub-sectors, such as road, rail, sea and air transport, all of which can also be separated into passenger and freight. It is therefore supported by many associations affecting the sector’s landscape and the diffusion of new technologies. At the local level, the CUTA (Canadian Urban Transit Association) plays an important role in knowledge diffusion, urban authorities’ advocacy and the communication among various local transit authorities. It consists of hundreds of members, such as universities, federal and provincial ministries, businesses and urban transit authorities. Some significant members of this association are the Transportation Research Institute of the University of Toronto, the Transportation Association of Canada (TAC) and corporations like the NFI Group. TAC, in particular, is a similar umbrella organisation, but with a broader spectrum of actions, focusing on road transportation and infrastructure at the national and local levels, while its pillars of action include environmental protection and the mitigation of climate change: it has established its own Environment and Climate Change Council, which proposes technical solutions for both mitigation and adaptation (TAC). Similar umbrella organisations for other means of transport are the Railway Association of Canada (RAC), the Shipping Federation of Canada and the Air Transportation Association of Canada (ATAC). There are also associations representing freight transportation stakeholders. The Private Motor Truck Council of Canada is the main Canadian association promoting the interests of the private truck companies and disseminating knowledge on various issues related to road transport. There are also associations representing companies purchasing freight transport services and contributing to the interaction between freight transportation companies and their customer base; the Freight Management Association of Canada (FMA) is considered an important federation among these, with its members’ annual contribution to the Canadian economy amounting to $100 billion dollars, and the transportation services they use to $4 billion dollars.



Apart from numerous associations, there are also federal and public actors involved in the transportation sector, especially in the diffusion of new “green” technologies. An important actor of knowledge “production” and diffusion is the Transportation Research Institute of the University of Toronto, which engages in relevant research areas such as alternative fuels, traffic congestion, etc. [97]. Another university carrying out research in transport—and particularly in EVs—is the University of Concordia in Quebec, authoring a high number of electric mobility-related publications, while the Hydro-Quebec Research Institute, owned by the public utility Hydro-Quebec, excels at research focused on electric technologies, such as batteries [98].



Federal government institutions are also related to the sustainable, low-carbon transition of the country’s transportation sector. Transport Canada is the ministry related to regulations regarding this sector, by promoting policies towards its safe, efficient and environment-friendly operation. Environment and Climate Change Canada, the ministry related to climate change and action, also plays an important role, being responsible for aspects of global environmental change and air pollution that are intertwined with the transport sector [99]. Finally, in 2015, the Canadian Council of Ministers of the Environment (CCME), including the ministers of environment and climate change of each Canadian province as well as of the federal minister, established a Climate Change Committee (CCC), aiming to implement the Pan-Canadian Framework for Clean Growth and Climate Change (PCF), which sets various targets for the entire economy [100].




5.2. Institutions


Among the economic sectors targeted by the PCF, special attention is given to electricity, industry, agriculture and transportation. Regarding the latter, environmental policy is broken down into four pillars: setting stricter standards and increasing energy efficiency; raising the percentage of zero-emission vehicles; investing in public transit and infrastructure; and using cleaner fuels. An example of the implementation of this framework is the electrification of transportation in Quebec, which aims to have 100,000 electric vehicles until 2020 [100]. This is to be achieved with the allocation of at least $6.2 billion towards climate change mitigation with an emphasis on electrification, as illustrated in the latest budget of the province [101]. The electrification of transportation in Quebec, a province featuring an electricity system that is heavily dependent on hydro, is considered a significant measure towards the abatement of GHG emissions [98].



Another important measure taken by the Canadian government is the legislation of the Greenhouse Gas Pollution Pricing Act (GHGPPA) in late 2018. The Act established charge rates for fuel use in various sectors, including the transportation sector, which are dependent on the emissions produced by the combustion of each fuel and are different in each province. The GHGPPA is in force in half of the provinces and two territories: Ontario, New Brunswick, Manitoba, Saskatchewan and Alberta; and Yukon and Nunavut [102]. The legislation concerns fuel distributors, fuel producers and specific road, rail, marine and air carriers, who have to register on a platform of the Canada Revenue Agency (CRA) in order to claim their use of fuel, which is charged according to its associated emissions [103]. This results on increased costs for transport stakeholders, including people that are not professionally involved in this sector, since the price of fuels on gas stations has already been increased [104].



Another important factor of environmental law is Canada’s sub-national division: the country is divided into three territories and ten provinces with their own legislation, which may be less or more proactive than federal legislation [17]. For example, the Quebec and Alberta provinces have legislated their own carbon pricing regulations in 2007 and 2015, respectively, acting faster than the federal government [105,106]. On the other hand, the province of Ontario, although having established its own carbon pricing scheme since 2017 [105], showed great resistance to the proposed GHGPPA of the federal government after the provincial election of the conservative party. In fact, the provincial government of Ontario initiated legal processes disputing the constitutionality of said Act, but the Court of Appeal of Ontario adjudged that the GHGPPA does not violate the Canadian constitution. There was a similar case in the Court of Appeal of the province of Saskatchewan, resulting in a similar verdict [107]. Despite their result, these appeals indicate that provincial legislation and policy may not always benefit climate action, leading oftentimes to conflicts with federal policy; while in other cases, sub-national environmental and climate policy may act faster than the federal government, with implications for the transport sector.



These carbon pricing schemes constitute an effort of some Canadian provinces to participate in an emission trading scheme organised by the West Climate Initiative (WCI) and comprising the state of California (USA) and the provinces of Quebec, Nova Scotia and British Columbia. Membership of this scheme varies with time: Ontario, for example, became a member of this initiative since almost the beginning but withdrew its membership in late 2018, after the election of its new provincial government, which proposed the Cap and Trade Cancellation Act [108].



Transportation 2030 is a policy of Transport Canada aiming to transform Canada’s transport sector into a more efficient, safer and greener sector by 2030. The policy’s budget for 2017 was higher than half a billion dollars and consisted of numerous measures: it included $120 million for electric vehicles and alternative fuel investments, $56.9 million for GHG regulation development and $229 million to support the Clean Energy and Clean Transportation Innovation Programming [109]. One of such initiatives is the establishment of a research fund supporting rail, marine and air transportation, so that they transition towards a more environment-friendly operation. This research fund cooperates with various public and private organisations operating in academia, government, transport and other relevant sectors [110].




5.3. Demand


Canada is the second largest country worldwide and two of its three largest metropolitan areas, Toronto and Montreal, are located on the east side, while Vancouver is situated on the west coast of the country [111], at a distance of approximately 4400 km by road and 3400 km by airplane from Toronto. Therefore, Canada is characterised by extensive transportation needs. Specifically, transportation accounts for 5% of its GDP, and Canada has one of the largest transportation sectoral GDPs per capita [112].



The country has a very wide road network, with a length of more than 1,300,000 km, of which 443,000 are paved [113]. It is noteworthy that the transportation activity related to road transport is increasing in every sub-sector, leading to the emissions from road transport not only dominating in this sector, but also steadily increasing, as seen in Figure 5. In the 2000–2013 period, the passenger-km travelled by cars increased by 13% [114], while gasoline sales increased by 10% in the last ten years [115], although cars’ engine efficiency was constantly enhanced [116]. The increase of passenger transportation is also visible in the bus industry, the revenue of which increased from 8.6 billion dollars in 2005 to 20.3 in 2017 [117]. A similar effect was also observed in freight transport, where the activity of trucks doubled between 2000, with 84.7 billion-tonne km of domestic activity, and 2014, with 166.6 billion-tonne km and an upward trend. Moreover, the tonnage of cargo transported in the same period almost tripled [118].



The vastness of the Canadian land has also resulted in an impressive rail network, the length of which is more than 60,000 km [113]. In comparison with the road sub-sector, the increase in rail transportation was slightly inferior: the total passenger car-km increased from 58 billion in 1990 to 71 billion in 2017, fluctuating significantly during this period [119]. Furthermore, the domestic freight activity increased from 207 billion-ton km in 2000 to 282.2 in 2015 [111]. On the other hand, the total freight activity (including international trade) of the train sector has shown a similar augmentation rate, from 534 billion-tonne km to 761 billion-tonne km. This increase was also reflected in the revenue of rail companies, which almost doubled in this period, reaching $13.52 billion dollars in 2014 [119]. Although rail activity increased, the total fuel consumption (diesel oil) remained almost stable during this time span [120].



Another important means of transportation, although less extended in Canada, is water transport, divided into three categories: inland waterways, referring to rivers; the Great Lakes, referring to the boats traversing these lakes; and sea transport. The length of inland waterways and the marine network of the Great Lakes is 2825 and 2662 km, respectively [113]. Furthermore, the country has 557 port facilities [96]. Regarding the inland waterways and the Great Lakes, domestic activity fluctuated during the 2000–2011 period but did not show a clear upward or downward tendency, with an annual average of 4.7 and 23.83 billion-ton km, respectively. On the other hand, domestic coastal shipping greatly increased during the same period [118]. It is important to mention that most sea trade is related to international trade; in 2011, the tonnage traded internationally accounted for 73% of the total sea freight activity [121]. Another important sector of marine transportation is the containership sector. The main ports in Canada are Vancouver, Montreal and Halifax. From 2005 to 2011, their total activity increased by almost 400,000 twenty-foot equivalent units (TEUs). In 2011, the number of TEUs handled in these three ports was 2,500,000, 1,220,000 and 370,000, respectively, with the port of Halifax showing a downward tendency. Another fact that demonstrates the increased number of containers handled in Canadian ports is the rapid growth of the Prince Rupert port in British Columbia, which started operating in late 2007 and by 2011 had surpassed the port of Halifax, handling 400,000 TEUs [122]. Last but not least, marine transportation also serves travelling passengers. In 2018, the major ferry routes in Canada carried 53 million passengers and 21 million cars [96].



The last method of transportation is aviation. Canada has approximately 1200 airports [113], serving passenger and/or freight flights. The four busiest airports of Canada are located in Toronto, Vancouver, Montreal and Calgary, with Montreal having two airports operating freight flights [123,124]. In the period of 2008–2018, passenger activity significantly increased, from 109 million to 159 million passengers. In fact, domestic passengers increased by 23 million and transborder passengers between Canada and the USA by 10 million, while the rest of the increase is related to other international activities [124]. This rapid increase is also reflected on the total activity measured in passenger-km, which increased by almost 20% in just two years (2015–2017) [125]. A similar upward tendency is also observed on air freight transport. In 2008, a total of 972 million tonnes of cargo were handled, whereas in 2018 this figure reached 1434 billion tonnes. Domestic cargo increased by 200 million tonnes and international cargo, excluding transborder trade, by 275 million, while transborder freight slightly decreased [123]. This is reflected on the total tonne-km handled, which increased by 38% during the 2015–2017 period [125]. As expected, the increase of air transportation activity is reflected on the aviation’s fuel consumption, which in 2017 had increased by 14% compared to 2012. Specifically, in 2012, the total fuel consumed was 6.6 billion litres, and in 2017 it reached 7.55 billion litres [126].



Demand demonstrates that Canada has a fast-growing transportation sector, whose GDP has increased from $58 billion dollars in 2000 to $90 billion dollars in 2019 [127]. This constant growth in transportation has a two-fold impact on its transition to a sustainable sector. A growing sector is capable of investing in new, low-carbon or carbon-neutral technologies, with a lower degree of dependency on state subsidies [128], since incumbent firms are growing and able to invest more. On the other hand, a growing sector demonstrates a high-energy demand, and thus stricter policies must be implemented in order to avoid a carbon lock-in [129].




5.4. Knowledge, Learning Processes and Technologies


As mentioned before, the transportation sector consists of a plethora of sub-sectors. Some of these are characterised by a variety of fuels and others are dependent on a single fuel. Road transportation is divided into passenger and freight. Regarding passenger transportation, various types of vehicles are used. The most common are vehicles fuelled by gasoline, accounting for almost 94% of new registered passenger cars between 2014 and 2018. Furthermore, almost 4% of the cars registered in the same period use diesel as their energy source. The remaining 2% consisted of hybrid, plug-in hybrid and battery electric vehicles. Nonetheless, it is noteworthy that the sales of electric cars have recently met a significant increase. In 2018, the newly registered electric cars reached 3.5% of the total cars, including hybrid and plug-in hybrid cars [130]. Apart from the fuel used on each car, another important factor is the fuel efficiency, depending on the equipment and size. Canada is considered the world’s least fuel-efficient country regarding passenger vehicles, since it has the largest and second heaviest cars worldwide. The average emissions of a Canadian light-duty vehicle per kilometre are higher than 200 g of CO2 [131], which attests to a high potential for improvement. There is a similar trend in neighbouring countries like the USA [132]. On the other hand, road freight transportation is characterised by the exclusive consumption of diesel oil by trucks handling cargo [133]. Lastly, regarding road transport, biofuels are mixed with diesel and gasoline in order to reduce their carbon emissions [134]. The mix rate of biodiesel and ethanol in diesel and gasoline, respectively, varies per province, in accordance with federal regulations. The maximum rate for ethanol is 8.5%, in the province of Manitoba, whereas the maximum rate for biodiesel is 4%, occurring in the provinces of Ontario and British Columbia. However, there are provinces such as Quebec that do not mandate a specific rate percentage [135].



Regarding train transport, the main driver of fuel consumption is freight, which uses diesel as its sole energy source. The same phenomenon is observed in intercity passenger trains. The only other energy source used in rail transportation is electricity, mainly used for urban transit. Indicatively, in 2013, 93 PJ of diesel were used for intercity passenger and cargo transportation, whereas only 3 PJ of electricity were consumed for urban transit during the same year [136]. Air transportation is characterised by a similar distribution of fuels, with two different fuel types being mainly used: jet fuel and aviation gasoline. Jet fuel is dominating this sub-sector, with a usage percentage above 99%. Lastly, marine transportation is also dependent on two types of fuels, but these two fuels are more homogenously distributed: residual fuel oil accounts for 65% of energy consumption, whereas distillate (diesel) fuel oil for the remaining 35% [136]. Contrary to road and rail transportation, aviation and marine transport do not use biofuels in their fuel mix, as is the case worldwide [137].



There are many technologies that can be used in order to reduce GHG emissions in the transportation sector, towards climate change mitigation. Some of them can be applied to specific sub-sectors, whereas others can be widely used. Widely applicable technological improvements include the increase of electric vehicles for road and rail transportation, as well as the introduction of electric mobility in air and marine transportation. Regarding passenger vehicles, some Canadian provinces (Ontario, Quebec and British Columbia) have provided subsidies to citizens in order to promote the purchase of electric vehicles. Likewise, the federal government also legislated in 2019 the provision of subsidies (up to $5000) to people buying electric vehicles [138].



Another area in which electric vehicles are not widely used in Canada is train transportation, which is dominated by diesel combustion, since the electrification of train services leads to financial uncertainty, especially for long distances between different regions [139]. Furthermore, electric mobility is considered a future solution for the reduction of GHG emissions in road freight transportation, by means of electric trucks [140], as well as in marine and air transportation, with electric boats and planes [141,142]. These technologies have been examined mainly on a research level and have no major applications. On the other hand, the increased penetration of electric cars and trains, which is already taking place in other countries, would result in significant GHG emissions reductions because of Canada’s hydro-dominated power generation mix [143]—especially in provinces like Quebec, with a high share of production from renewable sources. Therefore, the only sector that has experienced a mild transition towards a reduced dependence on fossil fuels in Canada is road transportation, because of the slow penetration of electric cars. The other sectors have not demonstrated any noteworthy tendency towards the exploitation of Canada’s clean electricity.



Another fruitful action is the increase of biofuels in diesel and gasoline blends, by promoting advanced biofuels [134]. Specifically, Canada has the largest biomass reserves per capita, accounting for 7% of the global potential biomass production [144]. Another fuel that can be used for transportation needs is green hydrogen, through electrolysis using RES. Furthermore, the country is characterised by an important research activity in hydrogen exploitation, regarding its production, storage and usage on the transportation sector [139,145,146,147]. Canada has a lot of hydrogen stakeholders, ranging from hydrogen production companies to car manufacturers, that are interested in hydrogen fuel cell technology.



The key outputs from the Canadian transport SIS are presented in Table 2.





6. Comparative Analysis


The transportation sector in both Norway and Canada is characterised by the dominance of fossil fuel combustion across all sub-sectors. This means that this sector is facing a contingent carbon lock-in related to fossil fuels and, especially, oil products such as gasoline and diesel. This phenomenon is caused by multiple factors, including the high capital costs [148], leading the majority of transportation stakeholders (from car manufacturers to car users) to stick to the use of conventional fuels. As Klitkou et al. [149] note, the existing fossil fuel economy of scale in the transport sector implies a technological lock-in; the risk in both countries is high, acting as a significant barrier to a low-carbon transition. In this section, we compare the transportation system of two countries (Norway and Canada), in order to detect and analyse these barriers. The ability of their systems to overcome said barriers is studied through the SF framework [12], by examining specific features of each innovation system.



6.1. Institutions


Institutions can be separated in formal and informal. Formal institutions are related with the broader legal and regulatory system, with a focus on specific regulations. On the other hand, informal institutions concern social values, norm and habits [150]. The failures associated with these types of institutions are characterised as hard and soft institutional failures, respectively [151].



At first glance, Canada seems more susceptible to institutional failures. Delving further into the formal institutional framework, both countries have taken legislative action towards the mitigation of climate change, including, inter alia, regulations regarding the transportation sector and its emissions. For example, Norway was one of the world’s first countries to introduce a CO2 tax (1991), and despite not being a member state of the EU, it participates in the EU ETS and ESR [50,52]. Canada has legislated its own carbon pricing system [102], which is not yet implemented in every province, but only in seven of Canada’s provinces. Since the Canadian carbon pricing scheme is formulated and regulated solely by the Canadian federal government, a change of governmental views on environmental issues may easily affect it. As for Norway, even though it is applied at the national level, in the transport sector the EU ETS only covers aviation, whereas the Norwegian CO2 tax, set by the Norwegian Government and Parliament, affects aviation, road and sea transport (except domestic fisheries, which have a progressive refund scheme based on energy efficiency). Hence, Norway is also prone to a similar change in political will. That said, the Cabinet has signalled a stepwise increase in the CO2 tax. Moreover, a number of other taxes and fees regulate transport in Norway, such as the road use tax, vehicle purchasing taxes and toll roads. Regarding the targeted legislation, electrification strategies are another critical institutional factor. Since the 1990s, Norway has been a pioneer regarding regulations towards EV penetration [57], which has led to a significant share of EVs in the Norwegian market for new cars in 2019, with a sales percentage of around 42% [56]. In comparison, Canada’s EV legislation has been quite slow-paced, which has also translated into low sales, since newly registered electric cars amounted to just 3.5% of the overall car sales in the country [130]. However, the fact that both countries show limited progress in mitigating transport GHG emissions, as observed in Section 2, indicates that Norway’s incentive policy is less effective than expected.



Compared to Norway, Canada demonstrates a wider adherence to fossil fuel combustion in passenger and freight transportation. A characteristic example is the Canadian railway system, which is mainly powered by diesel [136], whereas the Norwegian railway network is heavily dependent on electricity [87]. From an institutional perspective, this insistence is partly due to the Canadian federal government’s hesitation to legislate for the use of alternative fuels while domestic oil and natural gas reserves remain abundant [134], as well to increased costs and other technological challenges. A potential institutional failure due to a contingent unwillingness to invest in infrastructure supporting green technologies is not as relevant in either country: both countries have already proposed significant investment plans towards the modernisation and environmental friendliness of their transportation systems [26,109].



Apart from these challenges, Canada is also prone to another potential institutional failure: the country is divided in provinces that have their own government and legislation. Local governments may not always comply with the federal government’s legislation, thereby slowing down the transition of the transportation sector. A typical example of this malfunction is the government of Ontario’s opposition to the nationwide legislation of the carbon pricing scheme, leading to a delay in its implementation. Such examples demonstrate that the independence of Canada’s provincial governments may result in a slower transition or even a carbon lock-in.




6.2. Interactions


Knowledge diffusion is greatly affected by the interaction between the various agents and networks existing in an innovation system, since these interactions create a communication network between stakeholders. A typical example is the interaction between government policy and the enterprises operating on the examined system [12]. Interaction system failures are either caused by powerful dependencies that can heavily subdue innovative technologies, or by weak connections impeding innovation [152]. According to Carlsson and Jacobsson [151], these interactions leading to system failures are called strong and weak network interactions.



At first glance, both countries’ systems consist of a vast variety of networks and actors, including transportation corporations, regulating authorities, governmental bodies and coordinating associations operating as umbrella networks. Nevertheless, a closer look provides a different perspective. Norway is characterised by the abundance of government-owned corporations, involved in almost every sub-sector of the transportation system [153]. On the other hand, Canada’s transportation sector is dominated by private-owned entities, operating in every part of its innovation system [96]. The existence of a wide governmental control can lead to a better orchestration [154] and coordination [155] of transition policies, which is important for avoiding a technological lock-in. Nonetheless, the plurality of private stakeholders can also have a positive impact on the transition, since they strive for competitiveness and larger market shares [156], but also because the performance of private firms is usually dependent on their corporate social responsibility regarding environmental strategies [157]. It is also noteworthy that, in Canada, there are more stakeholders in each sub-sector, partly due to it being one of the largest and less homogenous countries in the world, with major regional, economic and systemic differences. Furthermore, in comparison with Norway, Canada plays an important role in the global transportation value chain, with many vehicle manufacturers operating in the country. These companies are not necessarily Canadian; many of them (especially in the automobile sub-sector) are headquartered in other countries. With the automotive industry acting on a global scale, the transition of the largely domestically-supplied Canadian transport sector will depend, to a certain extent, on international market trends rather than national initiatives. The same lesson applies to Norway, although Norway—in contrast—has no car industry other than supplying parts to car manufacturers abroad.



Another similarity of the countries examined is the fact that both are fossil fuel producers with a significant fossil fuel industry, in which local and international firms operate. Apart from a strong presence of national firms, Norway is also characterised by the operation of various European corporations, such as Shell and BP. The oil production landscape in Canada is similar, with the only difference being that Canadian enterprises have a smaller presence and the main stakeholders headquartered outside of Canada are mainly American firms, such as Chevron and Exxon Mobil. Although oil companies are not a component of the system analysed, their interactions with and within it are crucial, since the main energy source in the transportation sector are oil products such as gasoline and diesel, especially in the case of Canada and the oil-rich Western provinces. Their operation is deemed significant, since oil companies in both countries usually create strong lobbies in order to maintain their high revenues [158], which can lead to carbon lock-ins and significant interaction failures.




6.3. Capabilities


Another factor that may lead to a system failure is the inability of the system—and especially the unwillingness or inability of firms in the system examined—to adapt to new technological standards, in contrast with the local utilities in Norway, which took initiatives to develop a fast-charging infrastructure, as examined in Section 4. The transition to low-carbon transportation depends on the development of firms operating in this sector, since features such as financial resources, learning capacity and flexibility are required [12]. Furthermore, the transition of the transportation sector, in particular, requires the willingness of people to contribute to climate action, since a large share of energy is used for passenger transportation. This entails significant behavioural changes. For instance, despite the provision of subsidies, many people avoid buying an electric vehicle, since electric vehicles remain costlier than conventional ones [159] and price is a significant aspect for citizens regarding fuel choice [160]. Considering that the price of gasoline in Canada is almost 50% lower than in Norway [161], Canadians are more hesitant regarding the purchase of an EV, since they still have access to relatively cheap fuel. Similarly, Norway’s electricity prices are considerably lower than the EU average, making EVs even more economically attractive for Norwegians, since they can be cheaper to use, in addition to being cheaper to obtain due to the heavy subsidies. This preference towards cheaper fossil fuels is also reflected on Canada’s automobile manufacturing industry. Although Canada is one of the major automobile manufacturers worldwide [89], it accounts for only 0.4% of the global electric car production [162]. A similar problem is also affecting the hydrogen vehicle market, since these vehicles have traditionally been more expensive than regular cars [163].



Excluding car transportation, the other sub-sectors of the system analysed are mainly driven by companies operating on each sub-sector. Regarding passenger transportation via rail, water or air, the choices for passengers are limited, although there is a recent tendency towards the electrification of ferries in Norway, as discussed in Section 4. The vast majority of passenger planes worldwide are fuelled by kerosene, with passengers not yet able to choose a considerably “greener” air transportation option. Nevertheless, they are able to choose transportation firms that demonstrate a more environment-friendly policy, if the costs remain at a similar level. On the other hand, companies operating on the industrial sector can demand that cargo transportation firms carry their products in “greener” ways: according to Touratier-Muller et al. [164], manufacturers are usually the ones forcing logistics companies to take environmental measures for the transportation of their products.




6.4. Infrastructure


According to Woolthius et al. [12], the unavailability of infrastructure is considered the last component of the system failure framework. Infrastructural failure is related to two different types of infrastructure [165]. The first category examines external factors related to communications and energy infrastructure. Norway and Canada are both two very developed countries with a high GDP per capita, and their communication networks are capable of supporting the operational requirements of the transportation sector. Their energy infrastructure is also modernised and capable of meeting the requirements of the sector. However, the availability of, and access to, fast chargers is still a potential bottleneck in both systems. Nevertheless, although it is considered an external infrastructural component, the energy grid has a greater importance regarding the transportation system, and especially the further diffusion of electric mobility. The transition towards a higher percentage of electric mobility contributes to the mitigation of climate change only if the electricity mix is characterised by high RES penetration. Norway’s and Canada’s electricity production is mainly based on hydropower; hence, the electrification of their transportation systems is significantly effective towards the reduction of GHG emissions. The second type of infrastructural challenges relates to internal factors, including scientific and technological infrastructure which can contribute to the diffusion of the examined technologies within the system. The main differences in the technologies used in Norway and Canada are related to road and rail transportation. Regarding road transportation, Norway is characterised by a very high (in comparison with other countries) percentage of battery electric cars, of about 10% [166]. On the other hand, battery electric cars in Canada amount only to 0.72% [130]. This contrast is also demonstrated in rail transportation. In Norway, 62% of rail tracks are electrified [78], whereas in Canada electric tracks are only used on urban modes of transportation such as metro train systems [136], partly due to the large nationwide distances and the respective capacities in the neighbouring United States. Concerning the other sub-sectors of the system, both countries exploit the same technologies. However, it is noteworthy that Norway has been experimenting on using electricity in other sub-sectors too, with some pilot projects related to marine and air transportation [86] showcasing the country’s significant efforts to electrify not only road but also sea transport and short-distance domestic aviation.



Apart from the status quo of the existent technologies, infrastructural failure is also related to the potential for the further diffusion of these technologies and the penetration of new ones. Regarding electric mobility, Norway has two important advantages over Canada. As discussed above, electric mobility has already achieved an important penetration regarding road and rail transportation in comparison with Canada. The second advantage is the fact that Norway is almost 30 times smaller than Canada, and it is also more densely populated. Therefore, the expansion of electrification is considered easier in Norway, especially regarding charging stations and other equipment necessary for electric vehicles [149], even though the fast-charging network is dependent on initiatives from local utilities rather than governmental efforts. This advantage is also critical regarding marine, air and especially rail transportation. Because of its vast land area, Canada has hundreds of airports, seaports and an expansive railway network. Therefore, the purchase and installation of the required equipment for the transition to electric mobility is deemed far more expensive than in Norway. Electricity, though, is not the only alternative for fossil fuels. The mix of biofuels and the combustion of hydrogen and ammonia are three other solutions towards climate mitigation. Regarding the first two alternatives, Canada has demonstrated greater progress than Norway. Canada has a hydrogen association contributing to the diffusion of hydrogen-related knowledge among many stakeholders, including actors of the transportation network. Furthermore, it is characterised by great reserves of biofuels and is an important producer of biodiesel and ethanol [144]; the capacity in required reserves and a developed biofuels industry mean that a further penetration of biofuels can be achieved relatively easily in the country. In Norway, the production of biofuels has so far been scarce, despite a good access to potential raw materials, but there are plans to ramp up production significantly. Although the use of biofuels and hydrogen can contribute to the mitigation of climate change, they are also associated with important bottlenecks. Especially, the increased use of biomass has created several concerns regarding food security [167], as useful crops can be used for the production of biofuels instead of food supplies, while the accounting of biogenic carbon also remains controversial [168]. On the other hand, the diffusion of hydrogen combustion is not favoured in either country, since both are characterised by high hydropower penetration, instead of other renewables associated with green hydrogen, thereby significantly contributing to the penetration of electric mobility [149].



The key outputs of the system failures’ comparative analysis are presented in Table 3.





7. Results and Discussion


The abundance of fossil fuels and the economic prosperity of both countries have led to the continuously increasing activity of the transportation sector, accounting for approximately one quarter of GHG emissions in both countries. Institutionally speaking, both countries have taken action towards legislating various reforms in order to support the transition towards a “greener” transportation sector, including not only road, but also marine and air transportation. In the case of Norway there has been significant activity in the maritime sector, which is gearing up its domestic innovation capacities, with an emphasis on cutting-edge technologies in environmentally friendly shipping. While road EV diffusion is still the main innovation in the SIS of Norway, there are indications of a spillover from the electrification of road transport to sea transport, where Norwegian high-tech companies engage in R&D activities with the support of public investments. The lack of such activities in the case of Canada is evident in the legislative rigidities among the federal and provincial governments, as was the case with the dispute over the GHGPPA act and the support given to the domestic oil industry, which has strongly opposed the act. The interactions between the networks and actors of both innovation systems are generally stable, and in Norway actors are becoming increasingly integrated through joint initiatives. However, the level of emissions from transport have so far not decreased drastically, despite efforts in both countries, indicating the lack of a sincere effort by the system’s actors to address these challenges. Both countries are characterised by an abundance of incumbents in every sub-network, but there seems to be great potential in the Norwegian maritime sector. Most incumbents are privately owned in Canada, while the picture is more mixed in Norway, with both publicly and privately owned companies, as well as public R&D schemes targeted at both the public and private sectors, with various implications—both positive and negative—for innovation coordination and the struggle for competitiveness. Another contingent barrier is the significant activity of oil companies in both countries, which may result in lock-ins, with oil industry accounting for an important portion of both countries’ exports. Excluding this challenge, the innovation systems of Canada and Norway are not considered highly susceptible to a system failure caused by the network agents’ interactions.



Both countries’ systems face challenges related to demand, some of which are also related to actors not directly involved in the system, such as the oil industry; hence, they are not so easily affected by changes within the systems. Regarding factors that are more closely related to system demand, Norway demonstrates a more robust transportation sector, since there is a larger demand for EVs and a landscape that is generally more supportive of the transition. This higher demand for EVs in Norway mainly results from the country’s legislation, which has promoted the purchase of EVs with multiple financial stimuli, such as subsidies, lower toll rates, etc. The external infrastructural factors do not pose any significant challenges for neither country, since both Canada and Norway possess developed communication and energy networks. Regarding the internal factors, there are concerns that the fast-charger infrastructure is not developing rapidly enough, which could be a diffusion barrier in case demand rises beyond the capabilities of the existing infrastructure. Norway is facing fewer challenges on the sector of electric mobility, given the already existing network, even though it needs to be extended, but it is less capable of hydrogen or biofuel diffusion, although significant initiatives exist, especially regarding biofuels. In comparison, Canada has greater expertise and technical capacity, evident in the difficulties of Norway to increase the domestically produced share of biofuels despite the ambitious targets that were set. As a result, both countries may experience an infrastructural system failure regarding the penetration of electric vehicles and the transition of the transportation sector, either in the form of difficulties surrounding the charging infrastructure or limitations in the transition to alternative fuels.



In summary, Canada faces more risks in comparison with Norway, which may lead to a rockier road to decarbonisation. This obstacle stems mainly from Canada’s demand, from institutional dynamics and, subsequently, from infrastructural requirements. Policy stringency is much more needed, therefore, in Canada, to counterbalance these challenges and counter the existent and potentially emerging bottlenecks, in order to overcome conventional technology lock-ins in the transportation sector. For this process, lessons learnt from Norway’s progress can provide valuable policy insights for seizing opportunities and avoiding contingent threats. Norway’s sustainable transportation strategy has been historically focused on incentive policies to boost the share of EVs. This led to an exponential increase in their shares, while also boosting public awareness. However, the limited progress achieved in mitigating transport GHG emissions suggests that even though such policies are useful, the evaluation of their impact is exaggerated, leading to a falsely cultivated image of transitional leadership, which even allows actors to ignore the lack of mitigation progress. Societal resistance to these policies led to a reduction of such incentives, in 2017, by 50%, without affecting the exponential growth trend, showing that these measures need to play a supplementary role as part of an effective decarbonisation strategy. In fact, cheap electricity prices from hydro-based power generation can provide a sufficient incentive for EVs due to the limited cost of use, an observation that can be useful for Canadian provinces like Quebec, with significant hydro-power potential. On the other hand, the spillover towards sustainable shipping, as well as smaller initiatives such as the growing interest in electric aviation, indicate that actors can be properly engaged in the process and actually plea for coherent strategies that place the emphasis on financing innovative technologies and infrastructure. Both Canada and Norway need to address these requests from their respective systems, adapting their strategies in harmonisation with actor initiatives, as in the case of the electric ferry and the development of a fast-charging network from local utilities in Norway. Channelling investments towards technological research and private-public sector collaboration can potentially limit the strength of regime actors, like the oil industry, as shown by the relative lack of extensive legislative rigidities in Norway that might threaten the transition.




8. Conclusions


The aim of this study is the analysis of the transportation sector in Norway and Canada from a systemic approach. This method contributes to the examination of the diffusion of innovative and sustainable technologies through the interaction between actors and networks. It also helps determine the barriers to their penetration into the studied systems. Our analysis does not have a single focus (e.g., electric vehicles), but investigates the broader spectrum of the transportation sector, including road, rail, marine and air transportation. The importance of actors, institutions, demand and knowledge was studied by means of the SIS framework, coupled with the SF framework, through the identification of potentially emerging or existing challenges in the adoption of climate-friendly, innovative technologies and practices.



The results indicate that Norway’s EV incentive policy is less effective than expected, despite being considered pioneering. Low electricity prices from hydro-based power generation allow for the creation of sustainable strategies without relying heavily on additional financial motives. Instead, attention should also be given to the electrification of the other sectors, considering the high interest from the actors of the system. In the case of Canada, it was shown that regional differences have a significant impact on the development of a universal strategy. Multiple bottlenecks are introduced due to uncoordinated federal and provincial legislation; moreover, depending on the involvement in oil and natural gas production, fossil fuel powerhouses show different levels of influence. The same can be said of Norway, although public funding towards private-public collaborations tends to limit the strength of regime actors.



The systems examined in this research, with the application of the SIS and SF approaches, can be further analysed by using the multi-level perspective [169,170], innovation ecosystems [171], mapping frameworks [172] and risk scoping through the interaction of stakeholders [173,174]. This potential enhancement of the SIS approach would contribute to a broader examination of the systems studied, since the challenges regarding the diffusion of innovation would not be the sole focal point of the research; other aspects could also be investigated, such as landscape factors leading to significant changes in the transportation sector. Another prospect would be the use of the SIS to examine the interaction between the studied countries and international markets, so as to investigate the effect of global trading actors and networks on the diffusion of innovation in Norway and Canada, since transportation—and especially maritime and air transport—is closely related with international markets. The regional innovation system [175] can also be used in the Canadian transport system to formally study the regional differences outlined in this study. Finally, the Systems of Innovation frameworks can be applied to design transformative policy pathways [176,177], since their usage as climate policy support frameworks [178] and as part of integrative approaches [179] is becoming more common.







Author Contributions


Conceptualisation, A.Ν. and H.Ν.; methodology, H.N., K.K. and A.K.; validation, K.V., E.A.T.H. and A.N.; formal analysis, K.K., A.K., H.N. and A.N.; data curation, K.K., A.K. and E.A.T.H.; writing—original draft preparation, A.K., K.K., H.N., A.N. and H.D.; writing—review and editing, K.K., K.V., A.N., E.A.T.H. and H.D.; visualisation, K.K. and H.N.; supervision, A.N. and H.D.; project administration, H.D. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the European Commission Horizon 2020 Framework Programme, “PARIS REINFORCE” Research and Innovation Project, grant number 820846. The APC was funded by the National Technical University of Athens.




Acknowledgments


The most important part of this research is based on the H2020 European Commission Project “PARIS REINFORCE”, under grant agreement no. 820846. The responsibility for the content of this paper lies solely with the authors. The paper does not necessarily reflect the opinion of the European Commission. The authors would like to thank Robbie Andrews from the CICERO Climate Economics Unit for the provision of some data on the Norwegian transportation sector.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.




References


	



IEA. Data & Statistics—IEA. Available online: https://www.iea.org/data-and-statistics/?country=WORLD&fuel=CO2%20emissions&indicator=CO2%20emissions%20by%20sector (accessed on 5 May 2020).

	



Cazzola, P.; Gorner, M.; Schuitmaker, R.; Maroney, E. Global EV Outlook 2016; Technical Report; International Energy Agency: Paris, France, 2016. [Google Scholar]

	



Bunsen, T.; Cazzola, P.; Gorner, M.; Paoli, L.; Scheffer, S.; Schuitmaker, R.; Tattini, J.; Teter, J. Global EV Outlook 2018: Towards Cross-Modal Electrification; Internation Agency Agency: Paris, France, 2018. [Google Scholar]

	



Sims, R.; Schaeffer, R.; Creutzig, F.; Cruz-Núñez, X.; D’agosto, M.; Dimitriu, D.; Figueroa Meza, M.J.; Fulton, L.; Kobayashi, S.; Lah, O.; et al. Transport Climate Change 2014: Mitigation of Climate Change. Contribution of Working Group III to the Fifth Assessment Report of the Intergovernmental Panel. In Climate Change; Edenhofer, O., Pichs-Madruga, R., Sokona, Y., Minx, J.C., Farahani, E., Kadner, S., Seyboth, K., Adler, A., Baum, I., Brunner, S., et al., Eds.; Cambridge University Press: Cambridge, UK; New York, NY, USA, 2014; Available online: http://www.ipcc.ch/pdf/assessment-report/ar5/wg3/ipcc_wg3_ar5_chapter8.pdf (accessed on 5 April 2020).

	



Siskos, P.; Zazias, G.; Petropoulos, A.; Evangelopoulou, S.; Capros, P. Implications of delaying transport decarbonisation in the EU: A systems analysis using the PRIMES model. Energy Policy 2018, 121, 48–60. [Google Scholar] [CrossRef]

	



Evans, S.; Gregory, M.; Ryan, C.; Bergendahl, M.N.; Tan, A. Towards a Sustainable Industrial System: With Recommendations for Education, Research, Industry and Policy; University of Cambridge, Institute for Manufacturing: Cambridge, UK, 2009. [Google Scholar]

	



Savaget, P.; Geissdoerfer, M.; Kharrazi, A.; Evans, S. The theoretical foundations of sociotechnical systems change for sustainability: A systematic literature review. J. Clean. Prod. 2019, 206, 878–892. [Google Scholar] [CrossRef]

	



Freeman, C. Innovation, Changes of Techno-Economic Paradigm and Biological Analogies in Economics. Rev. Écon. 1991, 42, 211. [Google Scholar] [CrossRef]

	



Malerba, F. Sectoral systems of innovation and production. Res. Policy 2002, 31, 247–264. [Google Scholar] [CrossRef]

	



UNFCCC. Greenhouse Gas Inventory Data. Available online: https://di.unfccc.int/detailed_data_by_party (accessed on 4 June 2020).

	



Malerba, F. Sectoral Systems of Innovation: Basic Concepts; Cambridge University Press: Cambridge, UK, 2004; pp. 9–41. [Google Scholar]

	



Woolthuis, R.K.; Lankhuizen, M.; Gilsing, V. A system failure framework for innovation policy design. Technovation 2005, 25, 609–619. [Google Scholar] [CrossRef]

	



Zhao, X.; Ke, Y.; Zuo, J.; Xiong, W.; Wu, P. Evaluation of sustainable transport research in 2000–2019. J. Clean. Prod. 2020, 256, 120404. [Google Scholar] [CrossRef]

	



Eliasson, J.; Proost, S. Is sustainable transport policy sustainable? Transp. Policy 2015, 37, 92–100. [Google Scholar] [CrossRef]

	



Global Carbon Atlas. CO2 Emissions—Global Carbon Atlas. Available online: http://www.globalcarbonatlas.org/en/CO2-emissions (accessed on 5 April 2020).

	



IEA. Data tables—Data & Statistics—IEA. Available online: https://www.iea.org/data-and-statistics/data-tables?country=WORLD (accessed on 5 April 2020).

	



Fertel, C.; Bahn, O.; Vaillancourt, K.; Waaub, J.-P. Canadian energy and climate policies: A SWOT analysis in search of federal/provincial coherence. Energy Policy 2013, 63, 1139–1150. [Google Scholar] [CrossRef]

	



Vaillancourt, K.; Bahn, O.; Levasseur, A. The role of bioenergy in low-carbon energy transition scenarios: A case study for Quebec (Canada). Renew. Sustain. Energy Rev. 2019, 102, 24–34. [Google Scholar] [CrossRef]

	



EIA. What Countries are the Top Producers and Consumers of Oil? Available online: https://www.eia.gov/tools/faqs/faq.php?id=709&t=6 (accessed on 5 April 2020).

	



EIA. Crude Oil Including Lease Condensate Reserves. Available online: https://www.eia.gov/international/data/world/petroleum-and-other-liquids/annual-crude-and-lease-condensate-reserves?pd=5&p=0000000000000000000008&u=0&f=A&v=mapbubble&a=-&i=none&vo=value&t=C&g=00000000000000000000000000000000000000000000000001&l=249-ruvvvvvfvtvnvv1vrvvvvfvvvvvvfvvvou20evvvvvvvvvvvvvvs&s=283996800000&e=1546300800000& (accessed on 5 April 2020).

	



EIA. Crude Oil Including Lease Condensate Exports. Available online: https://www.eia.gov/international/data/world/petroleum-and-other-liquids/annual-crude-and-lease-condensate-exports?pd=5&p=00000000000000000000000000000000000000000000000000000000000g&u=0&f=A&v=mapbubble&a=-&i=none&vo=value&t=C&g=00000000000000000000000000000000000000000000000001&l=249-ruvvvvvfvtvnvv1vrvvvvfvvvvvvfvvvou20evvvvvvvvvvvvvvs&s=283996800000&e=1420070400000& (accessed on 5 April 2020).

	



Norwegian Ministry of Climate and Environment. Norway’s National Plan Related to the Decision of the EEA Joint Committee No. 269/2019 of 25 October 2019. Available online: https://www.regjeringen.no/contentassets/4e0b25a4c30140cfb14a40f54e7622c8/national-plan-2030_version19_desember.pdf (accessed on 2 April 2020).

	



UNFCCC. Update of Norway’s nationally determined contribution. Available online: https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/Norway%20First/Norway_updatedNDC_2020%20(Updated%20submission).pdf (accessed on 2 April 2020).

	



SSB. Transport Står for 30 prosent av Klimautslippene i Norge. Available online: https://www.ssb.no/natur-og-miljo/artikler-og-publikasjoner/transport-star-for-30-prosent-av-klimautslippene-i-norge (accessed on 4 June 2020).

	



SSB. 08 June 2020. Available online: https://www.ssb.no/en/natur-og-miljo/statistikker/klimagassn (accessed on 12 June 2020).

	



Norwegian Ministry of Transport and Communications. National Transport Plan 2018–2019. Available online: https://www.regjeringen.no/contentassets/7c52fd2938ca42209e4286fe86bb28bd/en-gb/pdfs/stm201620170033000engpdfs.pdf (accessed on 12 April 2020).

	



Government of Canada. Canada’s Actions to Reduce Emissions. Available online: https://www.canada.ca/en/services/environment/weather/climatechange/climate-plan/reduce-emissions.html (accessed on 3 April 2020).

	



Hekkert, M.P.; Suurs, R.; Negro, S.O.; Kuhlmann, S.; Smits, R. Functions of innovation systems: A new approach for analysing technological change. Technol. Forecast. Soc. Chang. 2007, 74, 413–432. [Google Scholar] [CrossRef]

	



Breschi, S.; Malerba, F. Sectoral systems of innovation: Technological regimes, Schumpeterian dynamics, and spatial boundaries. In Systems of Innovation; Edquist, C., Ed.; Frances Pinter: London, UK, 1997; pp. 130–156. [Google Scholar]

	



Malerba, F. Sectoral systems of innovation: A framework for linking innovation to the knowledge base, structure and dynamics of sectors. Econ. Innov. New Technol. 2005, 14, 63–82. [Google Scholar] [CrossRef]

	



Rogge, K.S.; Hoffmann, V.H. The impact of the EU ETS on the sectoral innovation system for power generation technologies—Findings for Germany. Energy Policy 2010, 38, 7639–7652. [Google Scholar] [CrossRef]

	



Wesseling, J.H.; Van Der Vooren, A. Lock-in of mature innovation systems: The transformation toward clean concrete in the Netherlands. J. Clean. Prod. 2017, 155, 114–124. [Google Scholar] [CrossRef]

	



Rho, S.; Kim, S.H.; Lee, K. Limited Catch-up in China’s Semiconductor Industry: A Sectoral Innovation System Perspective. Millenn. Asia 2015, 6, 147–175. [Google Scholar] [CrossRef]

	



Nelson, R.R. The Co-evolution of Technology, Industrial Structure, and Supporting Institutions. Ind. Corp. Chang. 1994, 3, 47–63. [Google Scholar] [CrossRef]

	



Metcalfe, J.S. Evolutionary Economics and Creative Destruction; Routledge: London, UK, 1998. [Google Scholar]

	



Thiel, C.; Nijs, W.; Simoes, S.; Schmidt, J.; Van Zyl, A.; Schmid, E. The impact of the EU car CO2 regulation on the energy system and the role of electro-mobility to achieve transport decarbonisation. Energy Policy 2016, 96, 153–166. [Google Scholar] [CrossRef]

	



Chan, L.; Daim, T. Sectoral innovation system and technology policy development in China. J. Technol. Manag. China 2012, 7, 117–135. [Google Scholar] [CrossRef]

	



Schade, W. Comparison of Innovation Systems of Different Transport Modes and the Need for Public Intervention. Transp. Res. Procedia 2016, 14, 4105–4112. [Google Scholar] [CrossRef]

	



Janipour, Z.; De Nooij, R.; Scholten, P.; Huijbregts, M.A.; De Coninck, H. What are sources of carbon lock-in in energy-intensive industry? A case study into Dutch chemicals production. Energy Res. Soc. Sci. 2020, 60, 101320. [Google Scholar] [CrossRef]

	



Bataille, C.; Åhman, M.; Neuhoff, K.; Nilsson, L.J.; Fischedick, M.; Lechtenböhmer, S.; Solano-Rodriquez, B.; Denis-Ryan, A.; Stiebert, S.; Waisman, H.; et al. A review of technology and policy deep decarbonization pathway options for making energy-intensive industry production consistent with the Paris Agreement. J. Clean. Prod. 2018, 187, 960–973. [Google Scholar] [CrossRef]

	



Government of Norway. Ministry of Transport. Available online: https://www.regjeringen.no/en/dep/sd/id791/ (accessed on 13 April 2020).

	



Bråthen, S.; Eriksen, K.S.; Hjelle, H.M.; Killi, M. Economic appraisal in Norwegian aviation. J. Air Transp. Manag. 2000, 6, 153–166. [Google Scholar] [CrossRef]

	



Vasudeva, G. Weaving Together the Normative and Regulative Roles of Government: How the Norwegian Sovereign Wealth Fund’s Responsible Conduct Is Shaping Firms’ Cross-Border Investments. Organ. Sci. 2013, 24, 1662–1682. [Google Scholar] [CrossRef]

	



Government of Norway. Oil and Gas. Available online: https://www.regjeringen.no/en/topics/energy/oil-and-gas/id1003/ (accessed on 14 April 2020).

	



Kharlamov, E.; Skjaveland, M.; Hovland, D.; Mailis, T.; Jimenez-Ruiz, E.; Xiao, G.; Soylu, A.; Horrocks, I.; Waaler, A. Finding Data Should be Easier than Finding Oil. In Proceedings of the 2018 IEEE International Conference on Big Data (Big Data); Institute of Electrical and Electronics Engineers (IEEE), Seattle, WA, USA, 10–13 December 2018; pp. 1747–1756. [Google Scholar]

	



Saboori, B.; Sapri, M.; Bin Baba, M. Economic growth, energy consumption and CO2 emissions in OECD (Organization for Economic Co-operation and Development)’s transport sector: A fully modified bi-directional relationship approach. Energy 2014, 66, 150–161. [Google Scholar] [CrossRef]

	



Fuglestvedt, J. Travelling by car increases temperatures more than by plane. CICERO. Available online: https://cicero.oslo.no/en/posts/climate-news/travelling-by-car-increases-temperatures-more-than-by-plane (accessed on 10 April 2020).

	



Rosenthal, E. A carbon-neutral Norway: Fine print in the plan. New York Times. 20 March 2008. Available online: https://www.nytimes.com/2008/03/20/world/europe/20iht-norway.4.11294786.html (accessed on 11 April 2020).

	



Gössling, S. Carbon neutral destinations: A conceptual analysis. J. Sustain. Tour. 2009, 17, 17–37. [Google Scholar] [CrossRef]

	



Hermansen, E.A.T.; Peters, G.; Lahn, B. Climate Neutrality the Norwegian Way: Carbon Trading? CICERO. Available online: https://cicero.oslo.no/no/posts/nyheter/climate-neutrality-the-norwegian-way-carbon-trading (accessed on 11 April 2020).

	



Lovdata. Act Relating to Norway’s Climate Targets (Climate Change Act). Available online: https://lovdata.no/dokument/NLE/lov/2017-06-16-60 (accessed on 11 April 2020).

	



Sæverud, I.A.; Wettestad, J. Norway and Emissions Trading: From Global Front-Runner to EU Follower. Int. Environ. Agreem. 2006, 6, 91–108. [Google Scholar] [CrossRef]

	



Grantham Research Institute. National Transport Plan 2018–2029 (Meld. St. 33 2016–2017). Available online: https://www.climate-laws.org/cclow/geographies/norway/policies/national-transport-plan-2018-2029-meld-st-33-2016-2017 (accessed on 12 April 2020).

	



Ryghaug, M.; Toftaker, M. Creating transitions to electric road transport in Norway: The role of user imaginaries. Energy Res. Soc. Sci. 2016, 17, 119–126. [Google Scholar] [CrossRef]

	



Nikel, D. Electric Cars: Why Little Norway Leads the World in EV Usage. Forbes. Available online: https://www.forbes.com/sites/davidnikel/2019/06/18/electric-cars-why-little-norway-leads-the-world-in-ev-usage/#253cbaab13e3 (accessed on 13 April 2020).

	



Henley, J.; Ulven, E. Norway and the A-ha moment that made electric cars the answer. Available online: https://www.theguardian.com/environment/2020/apr/19/norway-and-the-a-ha-moment-that-made-electric-cars-the-answer (accessed on 29 May 2020).

	



Aasness, M.A.; Odeck, J. The increase of electric vehicle usage in Norway—Incentives and adverse effects. Eur. Transp. Res. Rev. 2015, 7, 1–8. [Google Scholar] [CrossRef]

	



Figenbaum, E.; Kolbenstvedt, M. Electromobility in Norway-experiences and opportunities with Electric Vehicles (Report No. 1281/2013). Available online: https://www.toi.no/getfile.php/1333828/Publikasjoner/TØI%20rapporter/2013/1281-2013/1281-2013-elektronisk.pdf (accessed on 14 April 2020).

	



Holtsmark, B. Elbilpolitikken-virker den etter hensikten? (Report No. 5). Available online: https://ssb.brage.unit.no/ssb-xmlui/bitstream/handle/11250/178116/HoltsmarkElbil2012.pdf?sequence=1 (accessed on 14 April 2020).

	



Norsk Elbilforening. Norwegian EV Policy. Available online: https://elbil.no/english/norwegian-ev-policy/ (accessed on 14 April 2020).

	



Statistics Norway (SSB). Population. Available online: https://www.ssb.no/en/befolkning/statistikker/folkemengde/kvartal (accessed on 15 April 2020).

	



Sovacool, B.K.; Noel, L.; Kester, J.; De Rubens, G.Z. Reviewing Nordic transport challenges and climate policy priorities: Expert perceptions of decarbonisation in Denmark, Finland, Iceland, Norway, Sweden. Energy 2018, 165, 532–542. [Google Scholar] [CrossRef]

	



TØI. All-Time High for Public Transport in Norway. Available online: https://www.toi.no/markets-and-governance/all-time-high-for-public-transport-in-norway-article34635-1682.html (accessed on 15 April 2020).

	



Statistics Norway (SSB). Registered Vehicles. Available online: https://www.ssb.no/en/bilreg (accessed on 15 April 2020).

	



Statistics Norway (SSB). Families and Households. Available online: https://www.ssb.no/en/familie/ (accessed on 15 April 2020).

	



Statistics Norway (SSB). Road Traffic Volumes. Available online: https://www.ssb.no/en/transport-og-reiseliv/statistikker/klreg/aar (accessed on 15 April 2020).

	



Statistics Norway (SSB). Domestic Transport. Available online: https://www.ssb.no/en/transport-og-reiseliv/statistikker/transpinn (accessed on 15 April 2020).

	



Rødseth, K.L.; Wangsness, P.B.; Schøyen, H. How do economies of density in container handling operations affect ships’ time and emissions in port? Evidence from Norwegian container terminals. Transp. Res. Part D Transp. Environ. 2018, 59, 385–399. [Google Scholar] [CrossRef]

	



Statistics Norway (SSB). Public Transport. Available online: https://www.ssb.no/en/transport-og-reiseliv/statistikker/kolltrans/aar (accessed on 15 April 2020).

	



Egging, R.; Tomasgard, A. Norway’s role in the European energy transition. Energy Strat. Rev. 2018, 20, 99–101. [Google Scholar] [CrossRef]

	



Singh, B.; Strømman, A.H. Environmental assessment of electrification of road transport in Norway: Scenarios and impacts. Transp. Res. Part D Transp. Environ. 2013, 25, 106–111. [Google Scholar] [CrossRef]

	



Hardman, S.; Jenn, A.; Tal, G.; Axsen, J.; Beard, G.; Daina, N.; Figenbaum, E.; Jakobsson, N.; Jochem, P.; Kinnear, N.; et al. A review of consumer preferences of and interactions with electric vehicle charging infrastructure. Transp. Res. Part D Transp. Environ. 2018, 62, 508–523. [Google Scholar] [CrossRef]

	



Gnann, T.; Funke, S.; Jakobsson, N.; Plotz, P.; Sprei, F.; Bennehag, A. Fast charging infrastructure for electric vehicles: Today’s situation and future needs. Transp. Res. Part D Transp. Environ. 2018, 62, 314–329. [Google Scholar] [CrossRef]

	



Lorentzen, E.; Haugneland, P.; Bu, C.; Hauge, E. Charging infrastructure experiences in Norway—The worlds most advanced EV market. In Proceedings of the EVS30 Symposium, Stuttgart, Germany, 9–11 October 2017. [Google Scholar]

	



Gallachoir, B.O.; Howley, M.; Cunningham, S.; Bazilian, M. How private car purchasing trends offset efficiency gains and the successful energy policy response. Energy Policy 2009, 37, 3790–3802. [Google Scholar] [CrossRef]

	



Aamaas, B.; Peters, G.P. The climate impact of Norwegians’ travel behavior. Travel Behav. Soc. 2017, 6, 10–18. [Google Scholar] [CrossRef]

	



Statistics Norway (SSB). 2020-03-24. Available online: https://www.ssb.no/en/klreg (accessed on 29 May 2020).

	



Hagos, D.A.; Gebremedhin, A.; Bolkesjø, T.F. The prospects of bioenergy in the future energy system of Inland Norway. Energy 2017, 121, 78–91. [Google Scholar] [CrossRef]

	



Marsh, G. Biofuels: Aviation alternative? Renew. Energy Focus 2008, 9, 48–51. [Google Scholar] [CrossRef]

	



Bjorkhaug, H.; Magnan, A.; Lawrence, G. The Financialization of Agri-Food Systems; Routledge: London, UK, 2018. [Google Scholar]

	



Fevolden, A.M.; Klitkou, A. A fuel too far? Technology, innovation, and transition in failed biofuel development in Norway. Energy Res. Soc. Sci. 2017, 23, 125–135. [Google Scholar] [CrossRef]

	



Statistics Norway (SSB). Statbank: Registered Vehicles. Available online: https://www.ssb.no/en/statbank/list/bilreg (accessed on 15 April 2020).

	



Renkel, M.F.; Lümmen, N. Supplying hydrogen vehicles and ferries in Western Norway with locally produced hydrogen from municipal solid waste. Int. J. Hydrog. Energy 2018, 43, 2585–2600. [Google Scholar] [CrossRef]

	



Chin, C.S.; Xiao, J.; Ghias, A.M.; Venkateshkumar, M.; Sauer, D.U. Customizable Battery Power System for Marine and Offshore Applications: Trends, Configurations, and Challenges. IEEE Electrif. Mag. 2019, 7, 46–55. [Google Scholar] [CrossRef]

	



Norwegian Government. Available online: https://www.regjeringen.no/contentassets/2ccd2f4e14d44bc88c93ac4effe78b2f/the-governments-action-plan-for-green-shipping.pdf (accessed on 30 May 2020).

	



Avinor. Electric Aviation. Available online: https://avinor.no/en/corporate/klima/electric-aviation/electric-aviation (accessed on 14 April 2020).

	



Statistics Norway (SSB). Norwegian National Rail Administration—StatRes (Discontinued), 2005–2007. Available online: https://www.ssb.no/en/transport-og-reiseliv/statistikker/jbv_statres/aar/2008-10-31 (accessed on 15 April 2020).

	



Zenith, F.; Møller-Holst, S.; Myklebust, T.; Thomassen, M.; Tolchard, J.R.; Hovland, J.; Thomassen, T.; Wittgens, B.; Bustad, J.; Landmark, A.; et al. Analyse av alternative driftsformer for ikke-elektrifiserte baner 2. Utgave. SINTEF. 2019. Available online: https://sintef.brage.unit.no/sintef-xmlui/handle/11250/2627911 (accessed on 15 April 2020).

	



OICA. World Motor Vehicle Production by Country and Type. Available online: http://www.oica.net/wp-content/uploads/By-country-2017.pdf (accessed on 31 March 2020).

	



Government of Canada. Vehicles Made in Canada 2018—Canadian Automotive Industry. Available online: https://www.ic.gc.ca/eic/site/auto-auto.nsf/eng/am00767.html (accessed on 31 March 2020).

	



Radovic, J.; Oldenburg, T.B.; Larter, S.R. Environmental Assessment of Spills Related to Oil Exploitation in Canada’s Oil Sands Region. In Oil Spill Environmental Forensics Case Studies; Butterworth-Heinemann: Oxford, UK, 2018. [Google Scholar] [CrossRef]

	



Forbes. The World’s Largest Public Companies. Forbes.com. Available online: https://www.forbes.com/global2000/list/#country:Canada (accessed on 31 March 2020).

	



Exxon Mobil. Political Contributions and Lobbying—ExxonMobil. Available online: https://corporate.exxonmobil.com/Company/Policy/Political-contributions-and-lobbying (accessed on 31 March 2020).

	



Vaillancourt, K.; Alcocer, Y.; Bahn, O. An Analysis of the Impacts of New Oil Pipeline Projects on the Canadian Energy Sector with a TIMES Model for Canada. In Informing Energy and Climate Policies Using Energy Systems Models; Giannakidis, G., Labriet, M., Ó Gallachóir, B., Tosato, G., Eds.; Springer International Publishing: Cham, Switzerland, 2015; Volume 30, pp. 247–260. [Google Scholar]

	



Calgary Transit. Statistics for 2018—Calgary Transit. Available online: http://www.calgarytransit.com/about-us/facts-and-figures/statistics (accessed on 31 March 2020).

	



Transport Canada. Transportation in Canada Overview Report 2018. Available online: https://www.tc.gc.ca/documents/Transportation_in_Canada_2018.pdf (accessed on 31 March 2020).

	



University of Toronto Transportation Research Institute. Home—University of Toronto Transportation Research Institute. Available online: https://uttri.utoronto.ca/ (accessed on 1 April 2020).

	



Haley, B. Low-carbon innovation from a hydroelectric base: The case of electric vehicles in Québec. Environ. Innov. Soc. Transit. 2015, 14, 5–25. [Google Scholar] [CrossRef]

	



Government of Canada. Environment and Climate Change Canada. Available online: https://www.canada.ca/en/environment-climate-change.html (accessed on 5 June 2020).

	



Pan-Canadian Framework on Clean Growth and Climate Change—Canadian Intergovernmental Conference Secretariat. Available online: https://scics.ca/en/product-produit/pan-canadian-framework-on-clean-growth-and-climate-change/#3_3 (accessed on 1 April 2020).

	



Government of Quebec. Budget, 2020–2021. Available online: http://www.budget.finances.gouv.qc.ca/budget/2020-2021/index_en.asp (accessed on 12 May 2020).

	



Stewart, F.L. The Greenhouse Gas Pollution Pricing Act and The Interaction of Federal and Provincial Enforcement Efforts. SSRN Electron. J. 2019. [Google Scholar] [CrossRef]

	



Canada Revenue Agency. Carbon Pollution Pricing—What You Need to Know. Available online: https://www.canada.ca/en/revenue-agency/campaigns/pollution-pricing.html (accessed on 1 April 2020).

	



Abedi, M. Carbon Tax Bumps Up Gas Prices in 4 Provinces—Will It Change Consumer Behaviour? Global News. Available online: https://globalnews.ca/news/5117385/gas-prices-carbon-tax-consumer-behaviour/ (accessed on 2 April 2020).

	



Erutku, C. Carbon pricing pass-through: Evidence from Ontario and Quebec’s wholesale gasoline markets. Energy Policy 2019, 132, 106–112. [Google Scholar] [CrossRef]

	



Brown, D.P.; Eckert, A.; Eckert, H. Carbon pricing with an output subsidy under imperfect competition: The case of Alberta’s restructured electricity market. Resour. Energy Econ. 2018, 52, 102–123. [Google Scholar] [CrossRef]

	



Climate Change Litigation. Ontario v. Canada Re Greenhouse Gas Pollution Pricing Act—Climate Change Litigation. Available online: http://climatecasechart.com/non-us-case/ontario-v-canada/?cn-reloaded=1 (accessed on 1 April 2020).

	



Legislative Assembly of Ontario. Cap and Trade Cancellation Act, 2018. Available online: https://www.ola.org/en/legislative-business/bills/parliament-42/session-1/bill-4 (accessed on 1 April 2020).

	



Transport Canada. Transportation 2030: Green and Innovative Transportation—Transport Canada. Available online: https://www.tc.gc.ca/eng/future-transportation-canada-green-innovative-transportation.html (accessed on 3 April 2020).

	



Transport Canada. Clean Transportation System—Research and Development Program—Transport Canada. Available online: https://www.tc.gc.ca/en/programs-policies/programs/clean-transportation-system-research-development.html (accessed on 3 April 2020).

	



Ochwat, N.E.; Marshall, S.J.; Moorman, B.J.; Criscitiello, A.S.; Copland, L. Meltwater Storage in the firn of Kaskawulsh Glacier, Yukon Territory, Canada. Cryosphere Discuss. 2020. [Google Scholar] [CrossRef]

	



Trading Economics. GDP from Transport -Countries List—G20. Available online: https://tradingeconomics.com/country-list/gdp-from-transport?continent=g20 (accessed on 3 April 2020).

	



Statistics Canada. Table 11-1: System Extent and Facilities (Kilometers), Canada. Available online: https://www144.statcan.gc.ca/nats-stna/tables-tableaux/tbl11-1/tbl11-1-CAN-eng.htm (accessed on 4 April 2020).

	



OECD. OECD Environmental Performance Reviews: Canada 2017; OECD Publishing: Paris, France, 2017. Available online: https://books.google.gr/books?id=EcpDDwAAQBAJ&printsec=frontcover&dq=https://books.google.gr/books?id%3DEcpDDwAAQBAJ&hl=el&sa=X&ved=0ahUKEwiApO6R3JfoAhUBtYsKHVtPD4cQ6AEINDAB#v=onepage&q&f=false (accessed on 4 April 2020).

	



Statistics Canada. Gross Sales of Gasoline. Available online: https://www150.statcan.gc.ca/n1/daily-quotidien/190829/cg-e001-eng.htm (accessed on 4 April 2020).

	



Weiss, M.; Irrgang, L.; Kiefer, A.T.; Roth, J.R.; Helmers, E. Mass- and power-related efficiency trade-offs and CO2 emissions of compact passenger cars. J. Clean. Prod. 2020, 243, 118326. [Google Scholar] [CrossRef]

	



Statistics Canada. Financial Performance of The Passenger Bus and Urban Transit Industries, by Industry. Available online: https://www150.statcan.gc.ca/t1/tbl1/en/cv.action?pid=2310008101 (accessed on 4 April 2020).

	



Statistics Canada. Table 5-2: Domestic Freight Activity by Mode (Tonne-Kilometres) (Billions [Thousand Millions] of Metric Tonne-Kilometers), Canada. Available online: https://www144.statcan.gc.ca/nats-stna/tables-tableaux/tbl5-2/tbl5-2-CAN-eng.htm (accessed on 4 April 2020).

	



Statistics Canada. Railway Industry Operating and Income Accounts, by Mainline Companies (× 1000). Available online: https://www150.statcan.gc.ca/t1/tbl1/en/cv.action?pid=2310004501#timeframe (accessed on 4 April 2020).

	



Statistics Canada. Railway Industry Fuel Consumption. Available online: https://www150.statcan.gc.ca/t1/tbl1/en/cv.action?pid=2310005301#timeframe (accessed on 4 April 2020).

	



Statistics Canada. Table 11-4a: Top 20 Canadian Water Ports by Tonnage (Domestic and International). 2011. Available online: https://www144.statcan.gc.ca/nats-stna/tables-tableaux/tbl11-4a/tbl11-4a-CAN-eng.htm (accessed on 4 April 2020).

	



Statistics Canada. Table 11-2: Top Handling Port by TEUs, Canada. Available online: https://www144.statcan.gc.ca/nats-stna/tables-tableaux/tbl11-2/tbl11-2-CAN-eng.htm (accessed on 4 April 2020).

	



Statistics Canada. Air Cargo Traffic at Canadian Airports, Annual. Available online: https://www150.statcan.gc.ca/t1/tbl1/en/cv.action?pid=2310025401#timeframe (accessed on 4 April 2020).

	



Statistics Canada. Air Passenger Traffic at Canadian Airports, Annual. Available online: https://www150.statcan.gc.ca/t1/tbl1/en/cv.action?pid=2310025301#timeframe (accessed on 4 April 2020).

	



Statistics Canada. Civil Aviation Operating Statistics, by Sector, Canadian Air Carriers, Levels I to III, Annual (× 1000). Available online: https://www150.statcan.gc.ca/t1/tbl1/en/cv.action?pid=2310022001#timeframe (accessed on 4 April 2020).

	



Statistics Canada. Civil Aviation Fuel Consumption, Canadian Air Carriers, Levels I to III, Annual (× 1000). Available online: https://www150.statcan.gc.ca/t1/tbl1/en/cv.action?pid=2310026701#timeframe (accessed on 4 April 2020).

	



Trading Economics. Canada GDP from Transport—1997–2019 Data—2020–2022 Forecast—Historical—Chart. Available online: https://tradingeconomics.com/canada/gdp-from-transport (accessed on 4 April 2020).

	



Bigerna, S.; Wen, X.; Hagspiel, V.; Kort, P.M. Green electricity investments: Environmental target and the optimal subsidy. Eur. J. Oper. Res. 2019, 279, 635–644. [Google Scholar] [CrossRef]

	



Verdezoto, P.L.C.; Vidoza, J.A.; Gallo, W.L. Analysis and projection of energy consumption in Ecuador: Energy efficiency policies in the transportation sector. Energy Policy 2019, 134, 110948. [Google Scholar] [CrossRef]

	



Statistics Canada. New Motor Vehicle Registrations. Available online: https://www150.statcan.gc.ca/t1/tbl1/en/cv.action?pid=2010002101#timeframe (accessed on 5 April 2020).

	



Shaffer, B. When it Comes to Vehicles, Canada Tops the Charts for Poor Fuel Economy. Driving. Available online: https://driving.ca/auto-news/news/when-it-comes-to-vehicles-canada-tops-the-charts-for-poor-fuel-economy (accessed on 5 April 2020).

	



Joost, W. Reducing Vehicle Weight and Improving U.S. Energy Efficiency using Integrated Computational Materials Engineering. JOM 2012, 64, 1032–1038. [Google Scholar] [CrossRef]

	



Canadian Energy Research Institute. Heavy-Duty Diesel Vehicles: Their Carbon-Constrained Future Role within the North American Economy. Available online: https://ceri.ca/assets/files/Study_134_Full_Report.pdf (accessed on 5 April 2020).

	



Mondou, M.; Skogstad, G.; Bognar, J. What are the prospects for deploying advanced biofuels in Canada? Biomass Bioenergy 2018, 116, 171–179. [Google Scholar] [CrossRef]

	



Global Agricultural Information Network. Biofuels Annual, 2019. Available online: https://apps.fas.usda.gov/newgainapi/api/report/downloadreportbyfilename?filename=Biofuels%20Annual_Ottawa_Canada_8-9-2019.pdf (accessed on 5 April 2020).

	



Statistics Canada. Table 4-1: Energy Consumption by Mode of Transportation (Petajoules, 10 to the 15th joules), Canada. Available online: https://www144.statcan.gc.ca/nats-stna/tables-tableaux/tbl4-1/tbl4-1-CAN-eng.htm (accessed on 4 April 2020).

	



IEA. Transport Biofuels. Available online: https://www.iea.org/reports/tracking-transport-2019/transport-biofuels (accessed on 4 April 2020).

	



Thorne, Z.; Hughes, L. Evaluating the effectiveness of electric vehicle subsidies in Canada. Procedia Comput. Sci. 2019, 155, 519–526. [Google Scholar] [CrossRef]

	



Marin, G.; Naterer, G.F.; Gabriel, K. Rail transportation by hydrogen vs. electrification—Case study for Ontario Canada, I: Propulsion and storage. Int. J. Hydrog. Energy 2010, 35, 6084–6096. [Google Scholar] [CrossRef]

	



Liimatainen, H.; Van Vliet, O.; Aplyn, D. The potential of electric trucks—An international commodity-level analysis. Appl. Energy 2019, 236, 804–814. [Google Scholar] [CrossRef]

	



Reabroy, R.; Tiaple, Y.; Pongduang, S.; Nantawong, T.; Iamraksa, P. The Possibility of using Electrical Motor for Boat Propulsion System. Energy Procedia 2015, 79, 1008–1014. [Google Scholar] [CrossRef]

	



Han, H.; Yu, J.; Kim, W. An electric airplane: Assessing the effect of travelers’ perceived risk, attitude, and new product knowledge. J. Air Transp. Manag. 2019, 78, 33–42. [Google Scholar] [CrossRef]

	



Dolter, B.; Rivers, N. The cost of decarbonizing the Canadian electricity system. Energy Policy 2018, 113, 135–148. [Google Scholar] [CrossRef]

	



Generation Energy Council. Canada’s Energy Transition—Getting to Our Energy Future, Together. Available online: https://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/energy/CoucilReport_june27_English_Web.pdf (accessed on 5 April 2020).

	



Lemieux, A.; Sharp, K.; Shkarupin, A. Preliminary assessment of underground hydrogen storage sites in Ontario, Canada. Int. J. Hydrog. Energy 2019, 44, 15193–15204. [Google Scholar] [CrossRef]

	



Ghandehariun, S.; Kumar, A. Life cycle assessment of wind-based hydrogen production in Western Canada. Int. J. Hydrog. Energy 2016, 41, 9696–9704. [Google Scholar] [CrossRef]

	



Haseli, Y.; Naterer, G.; Dincer, I. Comparative assessment of greenhouse gas mitigation of hydrogen passenger trains. Int. J. Hydrog. Energy 2008, 33, 1788–1796. [Google Scholar] [CrossRef]

	



Bahn, O.; Marcy, M.; Vaillancourt, K.; Waaub, J.-P. Electrification of the Canadian road transportation sector: A 2050 outlook with TIMES-Canada. Energy Policy 2013, 62, 593–606. [Google Scholar] [CrossRef]

	



Klitkou, A.; Bolwig, S.; Hansen, T.; Wessberg, N. The role of lock-in mechanisms in transition processes: The case of energy for road transport. Environ. Innov. Soc. Transit. 2015, 16, 22–37. [Google Scholar] [CrossRef]

	



Johnson, B.; Gregersen, B. Systems of innovation and economic integration. J. Ind. Stud. 1995, 2, 1–18. [Google Scholar] [CrossRef]

	



Carlsson, B.; Jacobsson, S. In Search of Useful Public Policies—Key Lessons and Issues for Policy Makers. Technol. Syst. Ind. Dyn. 1997, 10, 299–315. [Google Scholar] [CrossRef]

	



Weber, M.; Rohracher, H. Legitimizing research, technology and innovation policies for transformative change. Res. Policy 2012, 41, 1037–1047. [Google Scholar] [CrossRef]

	



Bane NOR. Bane NOR and the Railway Reform. Available online: https://www.banenor.no/en/startpage1/News/bane-nor-and-the-railway-reform/ (accessed on 15 April 2020).

	



Shaw, D.R.; Achuthan, K.; Sharma, A.; Grainger, A. Resilience orchestration and resilience facilitation: How government can orchestrate the whole UK ports market with limited resources—The case of UK ports resilience. Gov. Inf. Q. 2019, 36, 252–263. [Google Scholar] [CrossRef]

	



Lei, Z.; Nugent, J.B. Coordinating China’s economic growth strategy via its government-controlled association for private firms. J. Comp. Econ. 2018, 46, 1273–1293. [Google Scholar] [CrossRef]

	



Mah, D.N.-Y. Conceptualising government-market dynamics in socio-technical energy transitions: A comparative case study of smart grid developments in China and Japan. Geoforum 2020, 108, 148–168. [Google Scholar] [CrossRef]

	



Hadj, T.B. Effects of corporate social responsibility towards stakeholders and environmental management on responsible innovation and competitiveness. J. Clean. Prod. 2020, 250, 119490. [Google Scholar] [CrossRef]

	



Grasso, M. Towards a broader climate ethics: Confronting the oil industry with morally relevant facts. Energy Res. Soc. Sci. 2020, 62, 101383. [Google Scholar] [CrossRef]

	



Sheldon, T.L.; Dua, R. Measuring the cost-effectiveness of electric vehicle subsidies. Energy Econ. 2019, 84, 104545. [Google Scholar] [CrossRef]

	



Andersson, L.; Ek, K.; Kastensson, Å.; Wårell, L. Transition towards sustainable transportation—What determines fuel choice? Transp. Policy 2020, 90, 31–38. [Google Scholar] [CrossRef]

	



Global Petrol Prices. Gasoline Prices Around the World. Available online: https://www.globalpetrolprices.com/gasoline_prices/ (accessed on 16 April 2020).

	



Martine, K. Why Canadian Automakers should Accelerate their Electric Vehicle Capabilities. Financial Post. Available online: https://business.financialpost.com/transportation/autos/why-canadian-automakers-should-accelerate-their-electric-vehicle-capabilities (accessed on 16 April 2020).

	



Bento, N. Is carbon lock-in blocking investments in the hydrogen economy? A survey of actors’ strategies. Energy Policy 2010, 38, 7189–7199. [Google Scholar] [CrossRef]

	



Touratier-Muller, N.; Machat, K.; Jaussaud, J. Impact of French governmental policies to reduce freight transportation CO2 emissions on small- and medium-sized companies. J. Clean. Prod. 2019, 215, 721–729. [Google Scholar] [CrossRef]

	



Johnson, B.H.; Charles, E.; Hommen, L.; Lemola, T.; Malerba, F.; Reiss, T.; Smith, K. The ISE Policy Statement: The Innovation Policy Implications of the ISE Research Project; University of Linkoping Press: Linkoping, Sweden, 1998. [Google Scholar]

	



Thronsen, M. Feirer 10 Prosent Elbiler i Norge. Available online: https://elbil.no/feirer-10-prosent-elbiler-i-norge/ (accessed on 30 May 2020).

	



Pries, F.; Talebi, A.; Schillo, R.S.; Lemay, M.A. Risks affecting the biofuels industry: A US and Canadian company perspective. Energy Policy 2016, 97, 93–101. [Google Scholar] [CrossRef]

	



Decicco, J.M. Biofuels and carbon management. Clim. Chang. 2011, 111, 627–640. [Google Scholar] [CrossRef]

	



Rip, A.; Kemp, R. Technological change. In Human Choice and Climate Change; Battelle Press: Columbus, OH, USA, 1998; pp. 327–399. [Google Scholar]

	



Geels, F.W. Technological transitions as evolutionary reconfiguration processes: A multi-level perspective and a case-study. Res. Policy 2002, 31, 1257–1274. [Google Scholar] [CrossRef]

	



Amitrano, C.C.; Tregua, M.; Spena, T.R.; Bifulco, F. On Technology in Innovation Systems and Innovation-Ecosystem Perspectives: A Cross-Linking Analysis. Sustainability 2018, 10, 3744. [Google Scholar] [CrossRef]

	



Nikas, A.; Doukas, H.; Lieu, J.; Tinoco, R.A.; Charisopoulos, V.; Van Der Gaast, W. Managing stakeholder knowledge for the evaluation of innovation systems in the face of climate change. J. Knowl. Manag. 2017, 21, 1013–1034. [Google Scholar] [CrossRef]

	



Van Vliet, O.; Hanger-Kopp, S.; Nikas, A.; Spijker, E.; Carlsen, H.; Doukas, H.; Lieu, J. The importance of stakeholders in scoping risk assessments—Lessons from low-carbon transitions. Environ. Innov. Soc. Transit. 2020, 35, 400–413. [Google Scholar] [CrossRef]

	



Siva, V.; Hoppe, T.; Jain, M. Green Buildings in Singapore; Analyzing a Frontrunner’s Sectoral Innovation System. Sustainability 2017, 9, 919. [Google Scholar] [CrossRef]

	



Cooke, P.; Uranga, M.G.; Etxebarria, G. Regional innovation systems: Institutional and organisational dimensions. Res. Policy 1997, 26, 475–491. [Google Scholar] [CrossRef]

	



Rogge, K.S.; Pfluger, B.; Geels, F.W. Transformative policy mixes in socio-technical scenarios: The case of the low-carbon transition of the German electricity system (2010–2050). Technol. Forecast. Soc. Chang. 2020, 151, 119259. [Google Scholar] [CrossRef]

	



Geels, F.W.; McMeekin, A.; Pfluger, B. Socio-technical scenarios as a methodological tool to explore social and political feasibility in low-carbon transitions: Bridging computer models and the multi-level perspective in UK electricity generation (2010–2050). Technol. Forecast. Soc. Chang. 2020, 151, 119258. [Google Scholar] [CrossRef]

	



Doukas, H.; Nikas, A. Decision support models in climate policy. Eur. J. Oper. Res. 2020, 280, 1–24. [Google Scholar] [CrossRef]

	



Doukas, H.; Nikas, A.; Gonzalez-Eguino, M.; Arto, I.; Anger-Kraavi, A. From Integrated to Integrative: Delivering on the Paris Agreement. Sustainability 2018, 10, 2299. [Google Scholar] [CrossRef]








[image: Sustainability 12 05832 g001 550] 





Figure 1. Total energy consumption per energy source in (a) Norway, and (b) Canada. Source: [16], own elaboration. 
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Figure 2. Comparative electricity production per energy source in Norway and Canada. Source: [16], own elaboration. 
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Figure 3. Transport energy consumption per energy source in (a) Norway, and (b) Canada. Source: [16], own elaboration. 
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Figure 4. GHG emissions per sector in (a) Norway, and (b) Canada. Source: [16], own elaboration. 
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Figure 5. GHG emissions in transport per sector in (a) Norway, and (b) Canada. Source: [10], own elaboration. 
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Figure 6. Methodological approach. 
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Figure 7. Shares of passenger and goods transport domestically in 2018. Source: [67], own elaboration. 
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Figure 8. Shares of public transport passengers and ticket revenues in 2018. Source: [69], own elaboration. 
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Figure 9. Shares of fuel used on private cars in 2017. Source: [64], own elaboration. 
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Figure 10. Share of EVs in Norway. Source: [82], own elaboration. 
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Table 1. Key outputs of Norwegian transport using the SIS blocks.
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	SIS Blocks
	Key Results





	Actors and Networks
	
	
High participation of the public sector either through state-owned companies or private-public collaborations



	
Strong actors from the petroleum industry








	Institutions
	
	
Early policy through incentives for EVs, which has been criticised in recent years.








	Demand
	
	
High share of road transport



	
Water transport shows a significant percentage in the transport of goods








	Knowledge, learning processes and technologies
	
	
Current regime dominated by diesel and petrol vehicles



	
EVs remain the major innovation in the system, with their share increasing



	
Electrification is the main measure of the decarbonisation strategy, but the Norwegian government is interested in biofuels as an additional measure



	
Local utilities responsible for developing the fast-charging infrastructure
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Table 2. Key outputs of Norwegian transport using the SIS blocks.
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	SIS Blocks
	Key Results





	Actors and Networks
	
	
Mostly private firms operate in the sector



	
Fossil fuel powerhouses have significant influence



	
Increased localised elements. Western provinces are strongly involved in oil and natural gas production








	Institutions
	
	
Policy depends both on the federal and the regional governments



	
Some provinces resist federal legislation (e.g., GHGPPA)



	
No universal carbon pricing scheme. Some provinces participate in a scheme with the state of California (US)








	Demand
	
	
The vast area of Canada creates increased transportation needs for multiple means








	Knowledge, learning processes and technologies
	
	
The current regime is dominated by inefficient gasoline vehicles



	
EV share slowly increases



	
EV diffusion more influential in regions with a high share of hydro-power generation (e.g., Quebec)
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Table 3. Key outputs from the comparative analysis based on the SF blocks.
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SF Blocks

	
Norway

	
Canada






	
Institutions

	

	
Strong incentive policy has led to a high share of EVs, but GHG emissions remain high






	

	
Policy inconsistencies due to provinces not always complying with federal legislation



	
Hesitation to legislate against fossil fuels



	
Slow-paced EV legislation









	
Interactions

	

	
In both countries, fossil fuel companies create strong ties through lobbying processes, leading to carbon lock-in









	

	

	
The phenomenon is more intense in the oil-rich Western provinces









	
Capabilities

	

	
Cheap electricity price provides an opportunity for the use of EVs, independent from other types of incentives






	

	
Price hesitations for EVs compared to gasoline









	
Infrastructures

	

	
Despite pledges, biofuel production has been scarce



	
Spillover to green shipping indicates that innovation other than EVs can evade the examined failures



	
The fast-charging network is dependent on initiatives from local utilities






	

	
Electrification of rail very expensive due to the length of the network
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