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Abstract

:

Increasing awareness of climate issues and environmental policy has been a key factor behind the continuous transition of energy systems at different levels. This paper aimed to analyse the energy system of Viken county, located in Norway. An energy system model using the energy system analysis tool EnergyPLAN was developed. Based on the reference year 2018, two future scenarios which focus on changes in the transport sector for the year 2030 and 2050 were designed. Besides changes in the transport sector, the integration of renewable energy sources is considered in the future scenarios. The results of the analysis regarding the future scenario shows substantial CO   2   reduction as a result of energy-carrier switching within the transport sector. The integration of new energy sources, in this case, solar PV and wind power, helps to offset increased import dependency. The primary energy supply decrease and the share of renewable energy increases significantly.
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1. Introduction


The integration of clean and affordable energy is one of the most important sustainable development goals. The Paris Climate Agreement and the Sustainable Development Goals (SDGs) define aspirational targets for transitioning to sustainable energy systems and combating climate change and global warming. At the United Nations Climate Change Conference (COP 21) held in Paris, France in December 2015, 196 countries agreed on adopting the Paris Agreement. The Paris Agreement emphasises the urgency and sets out a global framework to limit the rise in global average temperature well below 2 degrees Celsius above preindustrial levels, and limit the temperature increase to 1.5 degrees Celsius to reduce risk and impacts of climate change [1]. The 2030 Climate and Energy Framework sets targets and objectives for the period 2021 to 2030. According to them, greenhouse gasses (GHG) must be reduced by at least 40% (from 1990 levels), the share of renewable energy increased by 32% and energy efficiency improved by 32.5% [2]. To achieve climate neutrality by 2050 the European Commission has established the Green Deal and proposed the Climate Law. The Green Deal is a road map to more efficient use of resources by moving to a circular economy, reducing pollution, becoming climate neutral and decarbonising the energy sector [3]. The Climate Law is a legal binding target of net zero GHG emissions by 2050 [4]. As of February 2020, as part of fulfilling these goals from the Paris Agreement, the Norwegian government has set itself an ambitious target of decreasing GHG emissions by at least 50%, and towards 55% compared to 1990 levels by 2030 and 90–95% by the year 2050 [5,6,7].



The primary energy supply in Norway is based on various renewable energy sources, coal, oil, gas and non-renewable waste. In 2018 Norway produced 2394 TWh energy, oil and gas having the largest share with over 90% [8]. Norway is a net exporter of electric energy and its domestic power system is already largely based on renewable energy sources. In an average year, around 98% of the Norwegian electricity production comes from renewable energy sources [9]. In 2018 Norway produced 147 TWh electricity, of which 143.6 TWh was from renewable energy sources. The distribution of electricity generation was: hydroelectric plants 139.5 TWh, wind power 3.9 TWh and 0.2 TWh biofuels [9]. After industry and oil and gas sectors, the transport sector is the largest contributor to GHG emissions in Norway. In total 20% of the total emission in 2018 originate from road traffic [10]. Due to population growth it is expected that CO   2   emissions will increase as a result of increased population and transport demand, unless proper actions are taken. To mitigate emissions the Norwegian government has set a number of ambitious goals [11];



	
All new passenger vehicles and vans sold after 2025 should be zero-emission.



	
All new city buses should be zero-emission or use biogas by 2025.



	
All new heavy vans, 75% of long-range buses and 50% of new lorries should be zero-emission by 2030.



	
Goods distribution in major city areas should be zero-emission by 2030.






In Norway the largest consumer of energy is the industrial sector, followed by transport, residential, commercial and public services and agriculture [12]. The national goals for Norway can be compared to Viken; however, Viken county has not released any new goals after the merger of the previous counties Akershus, Østfold and Buskerud and Lunner, Svelvik and Jevnaker municipalities in January 2020. All existing plans regarding climate and environment are the same before the merger. On the other hand, Akershus, Buskerud and Oslo have had common regional climate policies since 1999. These policies mainly focus on increasing renewable energy, reducing emissions and transport [13]. Energy system analysis is a valuable tool to achieve a holistic overview to better understand the different aspects and structures of the energy system as a whole. This information can potentially be used to reach the climate goals set forth in the Paris Agreement. There are some studies related to energy system analysis on national level. The Danish energy system with a target of 100% renewable energy was analysed in [14]. The potential of reduced CO   2   emissions by increasing renewable energy production in Sweden is studied in [15]. Achieving a sustainable energy system through the introduction of renewable energy sources (RES) in the primary energy supply and the considerations of a carbon capturing and storage (CCS) scheme are studied in [16]. A 100% increase RES for production of electricity, heat and biofuels in Macedonia in 2030 and 2050 was studied in [17]. Integrating of RES such as wind power and CCS to achieve a 100% renewable energy system by 2050 was studied for Scotland [18]. The authors in [19] studied the development of decarbonisation strategies in China for electricity, transport, heating and industry in 2050. Another study which focused on the regional energy system of Chongming county of China was performed by the authors in [20]. The authors mainly focused on reduction of primary energy supply, emissions and power import. The authors in [21] reviewed the effect of CO   2   emissions and excess electricity production in western Denmark; they considered how electric and biofuelled vehicles impact the energy system with high share of fluctuating renewable sources. The same author investigated how vehicle to grid technology affects two different systems, one being a high fluctuating energy system, and another being a non-fluctuating system [22].



The purposes of this study were to conduct a thorough review of Viken county’s energy system and climate goals, and to investigate the effects of the proposed actions by establishing scenarios for the years 2030 and 2050. However, the main focus in this study is reducing emissions from the transport sector. Moreover, the world has shown political decisiveness toward reducing GHG emissions nationally, regionally and locally by signing the Paris Agreement. There is not a universal plan for reaching the goals in the Paris Agreement, yet some countries are showing some effort along those lines. For instance, Norway, has reached the highest percentage of EVs in the world as a result of significant measures at different levels, thereby reducing the emissions from road traffic.



This study is unique, as it develops an energy system model for a newly established county with respect to electricity demand and transport. This study attempts to give new insights for policy makers regarding future energy and climate strategies. The paper is organised into eight sections: Section 1 provides an introduction presenting relevant background information about reasons for conducting this study. Section 2 describes the methodology, the modelling tool used to perform the analysis, the main objectives, the data sources and the assumptions. Section 3 presents the regional climate and energy strategy and the various goals set for the years 2030 and 2050 by Viken. Section 4 presents Viken’s current energy system. Section 5 deals with validation of the baseline model. Section 6 deals with the scenario descriptions. Section 7 will be an overview over the presented results from the simulation. Finally, Section 8 discusses important data from the results, and Section 9 provides conclusions to the paper. Future work arising from the study is addressed in Section 10.




2. Methodology and Data


In this section, the research methodology, tools and the inputs used are described. First, an overview of the analysis tool is given, followed by an overview of the main data sources used and assumptions made in order to define the baseline. The following section describes the scenario development for the analysis of 2030 and 2050. The paper addresses the energy system of Viken of today, and in 2030 and 2050 with regards to regional goals. The main focus is energy system analysis with a specific focus on the electrification of the transport sector.



2.1. The Energy Analysis Tool


In order to investigate the impacts of the climate and energy goals defined for 2030 and 2050, EnergyPLAN software was chosen for the analysis of the scenarios in this study. EnergyPLAN is an system analysis tool which can be used for energy system analysis, feasibility studies and public regulation with respect to technological changes. The software was developed at Aalborg University in Denmark in collaboration with PlanEnergi and EMD A/S, and is distributed free of charge [23]. By using the analysis tool, models can be created and validated considering electricity, heat and transport as main sectors. In this study the EnergyPLAN 15.0 version was used. The EnergyPLAN tool requires extensive data. The main categories for inputs are: power plant capacities, production, distribution and demand. The outputs are energy distribution, fuel balance, CO   2   emissions, electricity balance and energy specifications. The author of [24] gives a detailed overview of energy plan applications. The author states that EnergyPLAN was used in 95 peer reviewed articles by 2015; 76 of the articles were on the country or state level; 13 local; and six comprised more than one state or country. The topics or scope of these articles include integration of RES into energy system in 30 articles, RES scenarios in 21 articles and transport in 6 articles.




2.2. Data Sources and Assumptions


The modelling and analysis were based on regional and national data. The reference energy model was constructed and calibrated based on 2018 data. Energy production by region [25] and consumption by sector [26] were collected from Statistics Norway. Data regarding the status of hydroelectric power generation such as installed capacity, plant type, storage size, annual capacity and annual production were obtained from The Norwegian Water Resource and Energy Directorate (NVE) [27]. Wind power data were also collected from NVE [28]. Numbers of registered vehicles of different categories and annual mileage were obtained from Statistics Norway [29,30]. Data on heating systems and their characteristics were from the Norwegian District Heating Association [31] and Statistics Norway [32]. Additionally, an overview of the work process can be found in Figure 1.





3. Climate and Energy Strategy for Viken County


Viken is one of the new counties in Norway following the regional reform that reduced the number from nineteen to eleven as of 1 January 2020. The county Viken is located in eastern Norway, as seen Figure 2, and is the most densely populated county with 1,241,165 inhabitants on an area of 24,595 km   2   (1 January 2020) [33]. Population density varies largely within the county from 672 inhabitants per km   2   at the highest point, to 1 inhabitant per km   2   as the lowest point. About 87% of the inhabitants in Viken live in densely populated areas [34]; however, the distances between some of these areas are large. The diversity in landforms and elevation in the county gives great variations in weather and climate. There are warmer winters along the coast and in the south, in contrast to the northern parts of Viken which experience longer and colder winters [34,35].



Viken is a county wherein the transport sector has a more substantial impact on emissions compared to the rest of the country. Figure 3 shows the distribution of CO   2   emissions for Viken and for Norway by sector. The data for Viken were CO    2  e q   corrected to illustrate CO   2   emission [10,37]. The graph depicts that road transport has a significantly larger contribution to the emissions in Viken than in the rest of the country. In Norway as a whole, the manufacturing industry and oil and gas extraction have greater impacts on emissions than in Viken, whereas these sectors have small impacts in Viken. This again illustrates the importance of focusing on the road transport sector when analysing the energy system in the county of Viken.



The counties prior to the merging of Viken had different climate goals, but common goals for the new county are yet to be defined as of today. Two of the previous counties (Akershus and Buskerud) and Oslo have had a common regional climate policy since 1999. These policies mainly focus on increasing renewable energy, reducing emissions and reducing transport [13]. The regional goals defined by Akershus were chosen for this paper, and the relevant goals are presented in Table 1. The main goals are: To reduce direct emissions with 55% by 2030 and have reduced the emission levels by 80–95% by 2050 compared to 1991 levels [38].




4. Viken Energy System Characteristics


The electricity consumption in the region around the capital has increased over the last few years. Statnett, the transmission system operator and owner of the national power grid has identified the causes to be increased population and an increase in the number of residential and office buildings. Statnett also identified five driving forces for increases in power consumption in the future: population growth, number of households, non-electric sources for heating, climate change and electrification of the national vehicle fleet. Statnett estimates that electric cars will be the largest contributor to the increased demand after 2030 [40]. Non-electric heating sources will have a net positive effect on the electrical grid. From January 2020 the use of oil and gas for heating purposes in private households was banned in Norway [41]. Many households have switched to more environmental friendly sources of energy to cover their heating demands. These can be solar collectors and heat pumps, yet bio-oil and biofuel are also options.



4.1. Electricity


The electricity consumption within the county is higher than the generation, and the county relies on import of electric power [35]. The total electricity demand in Viken in 2018 was 19,596 GWh: private households (9352 GWh), secondary dwellings (502 GWh), primary industries (332 GWh), services (5691 GWh) and mining and manufacturing (4221 GWh) [26,42]. Electricity demand is higher during the winter months which is related to widespread use of electricity as the main heating source. Use of heat pumps (HP) for space heating has increased significantly for a number of years [43]. Between 1990 and 2006, households had a relatively stable demand between approximately 17,000 kWh in 1990 and 15,000 kWh in 2006 [44]. Furthermore, Statistics Norway states that an average household had a demand of 16,825 kWh in 2018 [45]. The electricity demands for heating differ between sources [46,47,48]. Therefore, the average value of the different sources was used. The amounts for space heating and water heating were set to 63% and 14% respectively; the remaining electricity is used for miscellaneous electrical appliances. However, it is important to recognise that heating demand varies throughout the year, due to climate variations [40].



Electricity generation in Viken is almost 100% renewable, as most of the generation comes from hydro power plants. There are currently a total of 138 hydroelectric power plants in operation with a total annual production of 15,146 GWh in 2018 and a total installed capacity of 3278 MW [27]. Power production from the hydroelectric power plants is more or less stable, even though this can vary annually. Though the contribution is small, there is also electricity production from thermal power plant corresponding to 51.24 GWh [49]. There is currently one wind power plant in Viken, located in Marker, in the south east of the county that was operating in 2019. The power plant consists of fifteen turbines with a total installed capacity of 540 MW with an annual production of 192 GWh [28]. When it comes to the use of solar energy in the region, there are challenges to finding data. It is generally known that the use of solar PVs is limited to residential, public and commercial buildings. The only data available for solar PVs are on the national level. According to [50], the total installed PV capacity in Norway was 23.5 Megawatt peak (MWp) in 2018. In total, around 20% of all PV systems receiving government grants in the country are installed in Akershus. In addition, there are a number of systems not included in the Enova statistics due to lack of funding. PV systems are typically dimensioned to not exceed the demand, and excess production is usually fed to the electrical grid, as energy storage in battery banks is not common at this time. The power production of solar panels and solar collectors can be considered negligible.




4.2. Heating


The heating demands in the county are covered by direct electric heating, district heating and wood burning. District heating is available in most of the larger cities within the county. According to Statistics Norway [32], gross production of district heating in Norway was 6833 GWh in 2018. In Viken County there are 25 district heating plants with an annual production of 902 GWh of heat [31]. The district heating plants in Viken are largely based on biomass and ambient heat sources, such as sea, sewage and solar collectors. There is one district heating plant in Viken utilising solar collectors as a heat source. In 2018 solar collectors supplied 4768 MWh of heat. Viken has also additional district cooling production of 100.36 GWh [31,35].



In 2018, approximately 280,000 households used firewood as a heating source in Viken [35]. According to statistics Norway, approximately 197,000 tonnes of firewood was used in Viken in 2016 [51]. However, thanks to contact with the county forest ranger and Viken county, we were told that the wood heating demand was difficult to determine. Moreover, the sale of firewood has decreased proportionally with the increased sale of electric heat pumps. Therefore the estimate from Statistics Norway might contain inaccuracies. Furthermore, there are private biomass based heating plants for agricultural purposes in Viken. There is a total heating load of 185 GWh in 2017 [52]. However, it should be noted that it was said by the publisher of the data that there are inaccuracies due to heating units funded by Enova not being included in the data series. Heat supply from heat pumps was estimated using data provided by correspondence with Enova combined with statistics from The Co-operative Housing Federation of Norway (NBBL) [53] and Statistics Norway [54]. The number of installed HPs was calculated as 197,937 units. It should be noted that the estimated number of HPs is based on Enova grants and does not include HPs which did not receive funding from Enova. The total amount of heat supplied by HPs is estimated to 3.947 TWh and this corresponds to an electricity demand of 1.71 TWh with an assumed coefficient of performance (COP) of 2.3. The estimation was made by using data provided by NVE and Consumption Research Norway (SIFO) [55,56].




4.3. Transport


The transport sector is responsible for most of the GHG emissions in Viken county [10]. In 2018 there were 833,265 vehicles (buses, vans, passenger cars and lorries) registered in the county; 2543 of these were buses, 688,573 were passenger cars, 124,241 were vans (under 3.5 t) and 17,908 were lorries (over 3.5 t). Tractors, motorbikes and snowmobiles are not considered in this paper. Of all passenger cars approximately 57,000 are electric [29]. Over 11,830 million kilometres were driven by vehicles registered to owners in Viken; of that, 78% was done by private cars, 17% by vans, 4% by lorries and approximately 1% by buses [30]. This distribution is depicted in Figure 4. In 2018 the total driving distance for buses in public transport has been reported to approximately 129,500,000 km [57,58].



The national average age of private cars is 10.5 years, and the figure for Viken is 10.1 years (Østfold 11.1 years, Buskerud 10.2 years and Akershus 9.0 years) in 2018 [59]. There are 0.72 cars per person in Viken; this value is higher than the national average which is 0.66 [60,61,62]. This include both fossil fuelled and non-emission cars. In 2018 new car sales were 31.6% electric and at the end of 2019, the share was 42.36% [63]. In 2019, the combined counties that today represent Viken reached the milestone of 10% electric private cars, and a national average of 10% electric private cars is estimated to be reached in 2020. Today the market share of new car sales is 47.9% electric in Viken and 50.5% nationally [63]. The high sales are due to incentives to aid the transition from conventional fossil vehicles to electric vehicles, such as tax exemptions and driving privileges, such as lowered rates on toll roads, zero value added tax (VAT) on purchase, access to public transport lanes and free or reduced parking fees [11,64,65]. The public transport companies in the region have also established goals to electrify their fleets of buses and ferries [40]. In 2019 approximately 10% of buses for Ruter (Oslo & Akershus) were electric, along with 39 buses in Akershus and 70 in Oslo. By 2028 all public transport is intended to be 100% electric to reach the zero-emission goal [66]. Brakar in Buskerud received its six first electric buses in 2019; by the end of 2020 additional 22 buses will be in operation. Their goal is to achieve a zero-emission fleet by 2030 [67]. Table 2 gives an overview of the vehicle fleet registered in Viken in 2018. One of the main motorways in the country goes through Norway from the Swedish border in Viken to Kirkenes in northern Norway. The motorway brings with it a lot of traffic from Europe. There were approximately 8.4 million vehicles traversing the border in 2018. The breakdown of vehicles was 90.6% light vehicles and 9.4% heavy vehicles [68]. Data were gathered from multiple sources to produce an estimate of energy consumption and fuel consumption and are presented in Table 2 and Table 3. Hybrid vehicles have varying driving patterns which makes it hard to define a mean fuel consumption of electricity and fossil fuels. In this paper it is assumed that hybrid vehicles run 50% on electricity and 50% on fossil fuels. Moreover, it is assumed that electric private cars have a fuel consumption of 20 kWh per 100 km [69].



Electric Vehicles’ Impact on the Power Grid


The increasing number of electric cars is expected to have a significant role in the future, with power peaks due to EV chargers; however, the actual energy consumption will likely not be significant [70]. Large power peaks in the electrical distribution grid can create inadequate voltage quality, which can lead to failure, or in worst case scenarios, fires in electrical appliances [69]. Home charging of EVs results in peak activity around midnight; however, between the hours of 08:00 and 18:00 there is little activity [71]. There are multiple options for charging with external control. The direct option would be immediate charging when connected to the grid, whilst another option would be delayed charging as one is connected to the grid to prevent peak loads and charging when the electricity price is lower. With the implementation of electric vehicles, there is the option of using the vehicles as energy storage units either connected to the grid (V2G) or alternatively to a building (V2B) to flatten the peak demand with direct supply [72]. In a study about the implementation of V2G in Nordic countries, there was a total of 61 interviews of politicians and academics in Norway, where 19 proposed V2G mechanisms, and 8 of the 19 stated that reconstructing the electricity market would promote V2G [73].






5. Validation of Baseline for 2018


The model has been calibrated with the data from the baseline 2018. The Norwegian Environment Agency has estimated that the total greenhouse gas emissions in Viken County are 4094 million tonnes. This includes the following sectors: industry, energy supply, heating, road traffic, sea transport, air transport, miscellaneous mobile combustion, agriculture and waste. The Norwegian Environment Agency estimates that the total emissions when restricted to road traffic, energy supply, industry and heating are 2.697 million tonnes, of which 72.6% come from the transport sector. However, it is important to note that The Norwegian Environment Agency only considers emissions from the transport within the boundaries of the county and has adopted CO    2  e q   [10]. For simplification reasons, this paper only considers the emissions from registered vehicles in CO   2   levels, not CO    2  e q  . However, the CO    2  e q   and CO   2   levels in transport vary little. Furthermore, there are differences in CO   2   emissions presented in this paper, compared to the emissions presented by The Norwegian Environment Agency. The differences in emissions were considered to be reasonable, due to the definition of transport emissions from the Norwegian Environment Agency and the focus of the paper being potential in the transport sector. Once the model was verified it was possible to run alternate scenarios with changes corresponding to the aforementioned goals for 2030 and 2050. The reference model for 2018 has been verified by comparing the model output data with the source data.




6. Energy System Scenarios for 2030 and 2050


The framework for the design of the scenarios is based on the goals for development of renewable energy sources and emission reduction in Viken for 2030 and 2050. The scenarios for 2030 and 2050 were constructed after dialogue with Viken county where the representatives for the county shared future plans including energy supply and demand potential. Furthermore, the models for 2030 and 2050 are based on Viken’s goals for public transport being zero-emissions combined with the distribution of fuel consumption for 2030 and 2050 based on a projection of private cars and lorries by the Institute of Transport Economics (TØI) [74]. Even though this paper focuses on electric vehicles, there are alternative low-emission fuels that also can be considered, such as biogas and biodiesel; however, these are limited resources, which makes it difficult to justify them from a sustainability standpoint. Battery electric vehicles were chosen based on the historical trend in Norway due to incentives and the projected future vehicle fleet from The Institute of Transport Economics [64,74]. Furthermore, the increasing share of RES in the power production mix advocates for expanded use of electric vehicles. Regarding the size of the vehicle fleet in the models for 2030 and 2050, it is adjusted by considering the population in Viken will increase to 1.336 million in 2030 and 1.469 million in 2050 [75]. The breakdown of fuel use for transport for each scenario is given in Table 4 for 2030 and in Table 5 for 2050. The scenarios in this paper focus mainly on the transport sector and to some extent the integration of renewable energy. Supply and demand of heat are assumed to be constant in both 2030 and 2050. This is also supported by the number of buildings and households, which are important driving factors for the electricity consumption in the county. The electricity demand will, however, not increase significantly due to increased demolition of old buildings and construction of low-energy and zero-emission buildings (ZEB) with lower heating demands [40]. Furthermore ZEB would be crucial to achieve a GHG reduction in the construction sector [76].



6.1. Scenario 2030


	
Electricity production from wind of 0.19 TWh is added from the wind power plant in Marker which was commissioned in 2019.



	
The electricity demand increases by 1.53 TWh compared to baseline due to switching from fossil fuels to electricity in transport.



	
Commercial electricity production from solar PV increased to 1 TWh.



	
Production from hydroelectric power plants will be kept constant.



	
Heating demand remains the same as in the baseline scenario.



	
The total number of vehicles increases from 812,551 to 884,385.



	
New breakdown of fuel use as shown in Table 4.



	
Private solar energy has not been included.







6.2. Scenario 2050


	
Wind energy production increases from 0.19 TWh to 1.0 TWh.



	
Electricity production from solar PV remains the same as 2030.



	
Heating demand unchanged from baseline scenario.



	
The electricity demand further increases by 2.09 TWh compared to the baseline.



	
The total number of vehicles increases from 884,385 to 972,497.



	
New breakdown of fuel use as shown in Table 5.



	
Private solar energy has not been included.








7. Results


This section presents simulation results for the different scenarios. The results are based on data from Section 4. The results from the simulation of the different scenarios focus primary on energy supply, renewable energy share and emission.



7.1. Energy Distribution


Figure 5 gives an overview of the energy balance in Viken for the simulated scenarios. As can be seen from the figure, the renewable energy share of the PES increases significantly from 68% in 2018 to 83% in 2030 and to 92% in 2050. When it comes to power generation, hydro power plays a major role with an annual generation of 15.14 TWh in Viken in all scenarios. The contribution from wind power is 0.19 TWh in 2030 and this will increase to 1 TWh in 2050. Solar PV is 0 in 2018 and produces 1 TWh in both 2030 and 2050. Regarding the use of fossil fuels, there is a significant reduction from 8.54 TWh in 2018 to 3.93 TWh in 2030 and 1.74 TWh in 2050. Electrification within the transport sector is the main factor in reducing the use of fossil fuels—in this case oil. Therefore, the use of oil decreases from 6.8 TWh in 2018 to 2.3 TWh in 2030 and 0.1 TWh in 2050. It should be noted here that uses of coal and natural gas have fixed values for all scenarios—0.14 and 0.68 TWh respectively. The same is true for biomass with an annual use of 2.51 TWh in all scenarios. As indicated previously, Viken relies on the importation of power to meet its demands. Imported electricity changes from 6.89 TWh in 2018 to 7.12 TWh in 2030 and 7.15 TWh in 2050. Although Viken has to import electricity outside the system’s boundaries, there are periods where the system exports power. The amount of exported power is more or less the same in all scenarios, ranging between 2.64 and 2.82 TWh.




7.2. CO   2   Emissions


CO   2   contributions from the different sectors for the different scenarios are presented in Figure 6. As can be seen from the figure, the road traffic with its share of 47% accounts for main part of the county’s total emissions in the baseline scenario. The electrification of the transport sector contributes to substantial reduction of CO   2   emissions in 2030 and 2050. Thus the emission levels in road transport in 2030 are reduced by 66%, and emission levels in 2050 are reduced by 98.35% with respect to the reference year 2018. The overall total CO   2   emissions reduction with respect to 2018 for 2030 is 31.0%, and it is 46.01% for 2050 if no other emission-reducing measures are taken in the other sectors.





8. Discussion


In this paper, a comprehensive energy system model of Viken county was developed by using the energy system analysis tool EnergyPLAN. The prospects of switching to environmentally friendly transport and integration of renewable energy, in this case, solar and wind energy, were studied. Hydro power plays a major role within the county, accounting for a substantial share of the supply in all scenarios. Fossil fuels have the next largest share in the baseline scenario, but this will decrease significantly in 2030 and 2050 as a result of electrification in the transport sector. Viken’s climate goals regarding reduction in emission levels can be read in Section 3. However, the ambitious goals depends upon a multiplex of factors. Thus some of Viken’s goals are considered to be largely outside of the county’s influence. The sale of zero-emission vehicles is dependant on technological advancements and national policies, which is why Viken’s goals regarding private transport have not been included. Norway’s incentives for electric vehicles have lead to the high share of electric cars in the flow of new vehicles into the country and the relatively high share of electric cars nationally at 10%. However, each county in Norway is responsible for public transport; therefore, goals regarding public transport were included in the scenarios. Viken’s intention of increasing renewable energy sources has been included; the modelled scenarios resulted in increased renewable energy shares of 15% in 2030 and 24% in 2050 with respect to 2018 due to added wind and solar power production.



It should be noted here that no measures that promote the reduction of emissions in the industry sector have been considered in this study. In a conversation with a Viken county representative, it was stated that energy consumption in industry was regarded as sensitive data; because of that the available data that were used for the models were outdated. As mentioned in Section 7.1, reduced use of fossil energy depends on electrification of the transport sector. The electrification of the transport sector will imply reduced use of oil by 98.5% in 2050 with respect to 2018. The implementation of a zero-emission transport sector in the model leads to a total reduction of 31% in 2030 and 46% in 2050 with respect to 2018, with the emission levels from transport alone being reduced by 66% in 2030 and 98.5% in 2050. The results state that attaining a zero-emission vehicle fleet as defined in scenario 2030 and 2050 alone is not sufficient to reach the county’s aforementioned goals with regards to transport. If the described scenarios are achieved, an increased demand will follow with larger power peaks in the electrical grid than the present. The implementation of V2G and V2B can help flatten power peaks induced by EVs and hydrogen fuel production, yet implementing new technology will call for a renovated power grid which can lead to large expenses.




9. Conclusions


The increasing awareness of climate issues and environmental policy has been a key factor behind the continuous transition of energy systems at different levels. Substantial changes in the transport sector are required to produce the results presented in this paper. The proposed scenarios give a partial overview of a larger picture. The requirements for implementing the scenario for 2030 and 2050 are feasible if there are adequate political decisiveness, legislative action, technological advancements to improve upon the quality of the electric grid, technological advancements of zero-emission vehicles and increases charging infrastructure. Our results and conclusion will only be accurate under the conditions that were assumed in the models created for this paper.




10. Future Work


The future work arising from this study should include all sectors in the county to further improve the accuracy of model. More investigation should be done into the implications on the power grid caused by the increased electricity consumption due to electrification of the transport sector and also the integration of intermittent energy sources. Furthermore, an analysis of the costs associated with this transition and sustainable assessment is needed.
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Figure 1. Work process block chart. 
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Figure 2. Location of Viken county [36]. 
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Figure 3. Distribution of CO   2   emissions by sector in Viken and Norway 2018 [10,37,39]. 
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Figure 4. Percentage of total driving distance by vehicle type in 2018. 
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Figure 5. Energy distribution. 
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Figure 6. CO   2   emissions (Mt). 
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Table 1. Regional climate and energy goals for 2030 and 2050 [38].
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	Description





	By 2030
	



	
	Emissions from transport sector reduced by at least 50% by 2030 compared to 1991 levels.



	
	All public transport renewable by 2020, and gradually transitioning to fossil free fuels.



	
	All new light vehicles zero-emission by 2025



	
	At least 50% of all new heavy vehicles zero-emission by 2030



	
	Increase amount of biogas in heavy vehicles by 2030



	
	Infrastructure for fossil free transport established by 2025



	
	Building and construction sites emission free or fossil free by 2030



	
	Stop using fossil fuels for heating buildings and district heating by 2030



	By 2050
	



	
	All energy fossil free



	
	Emissions reduced by at least 80% compared to 1991 levels.



	
	Increase renewable energy share



	
	Climate neutrality
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Table 2. Number of registered electric vehicles in the county, driving distance and electricity consumption in 2018 [29,30].
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Fuel

	
Vehicle

	
No. of Reg.

	
Avg. Driving

	
Elec. Energy

	
Tot. Elec. Energy




	
Type

	
Type

	
Vehicles

	
Dist. km/yr

	
kWh/km

	
Consumption kWh/yr






	
Electricity




	

	
Private cars

	
56,970

	
13,753

	
0.2

	
156,701,682




	

	
Vans

	
1326

	
8393

	
0.25

	
331




	

	
Lorries

	
1

	
42,037

	
1.2

	
50,444




	

	
buses

	
14

	
46,372

	
1.2

	
649,208
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Table 3. Number of registered vehicles in the county, and average driving distance in 2018 [29,30].
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Fuel

	
Vehicle

	
No. of Reg.

	
Avg. Driving




	
Type

	
Type

	
Vehicles

	
Dist. km/yr






	
Hydrogen




	

	
Private cars

	
79

	
1384




	
Gas




	

	
Private cars

	
66

	
6175




	

	
Vans

	
101

	
13,426




	

	
Lorries

	
80

	
18,976




	

	
buses

	
20

	
41,877




	
Petrol Hybrid




	

	
Private cars

	
65,050

	
14,350




	

	
Vans

	
38

	
12,415




	
Diesel Hybrid




	

	
Private cars

	
1174

	
18,678




	
Petrol




	

	
Private cars

	
277,082

	
9650




	

	
Vans

	
7176

	
8111




	

	
Lorries

	
773

	
338




	

	
buses

	
66

	
5096




	
Diesel




	

	
Private cars

	
288,134

	
15,353




	

	
Vans

	
115,598

	
15,826




	

	
Lorries

	
17,026

	
31,149




	

	
buses

	
2443

	
13,869
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Table 4. Vehicle and fuel distribution in scenario 2030.
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	Cars and Vans
	Buses
	Lorries





	Petrol
	8%
	0%
	1%



	Diesel
	23%
	0%
	73%



	Electric
	56%
	68%
	0%



	Hybrid
	8%
	0%
	15%



	Hydrogen
	5%
	32%
	11%
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Table 5. Vehicle and fuel distribution in scenario 2050.
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	Cars and Vans
	Buses
	Lorries





	Petrol
	0%
	0%
	0%



	Diesel
	1%
	0%
	13%



	Electric
	86%
	45%
	0%



	Hybrid
	0%
	0%
	19%



	Hydrogen
	13%
	55%
	68%
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