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Abstract:

 Cities’ energy usage accounts for two thirds of global primary energy consumption. Energy efficiency in urban areas is, therefore, one of the most important topics to consider when dealing with urban sustainability. This paper evaluates the goals for increasing energy efficiency and use of renewable energy sources in the areas of transportation, buildings and consumers’ awareness, as stated in the Climate action plan, for the municipality of Eskilstuna, Sweden. The efforts of the municipality to successfully reach their energy efficiency goals, are described in this paper including future perspectives. The results show that although the municipality counts with the advantage of owning and working together with the local housing company and energy provider, in order to reach the established goals, additional strategies need to be considered. For an increased use of renewable energy sources, analysis of rooftops suitable for photovoltaic (PV) installation should be carried out as well as the integration of goals for self-consumption. In the transport field, the city needs to prepare for large-scale electric vehicle (EV) market penetration and to consider different bike or car sharing options. Finally, more specific awareness campaigns are needed to engage the citizens in reducing their energy consumption and living a more sustainable life.
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1. Introduction

With half of the world’s population living in cities, they are responsible for approximately two thirds of the global primary energy consumption with 86% of the energy demand being supplied by fossil fuels [1]. In the developed world, household energy use is becoming one of the most significant contributors to the countries’ energy balances with different forecasts showing that in the near future, over 40% of the total yearly consumption will come from this sector in most western countries [2]. As a consequence of the constantly increasing population, and to mitigate the effects of the increasing urbanization levels, several initiatives have been carried out promoting the adoption of measures and goals on sustainable development, by countries worldwide. As an example, one of the most relevant initiatives targeting sustainability is the World Summit on Sustainable Development, the first of which took place in Rio de Janeiro as early as in 1992. The “Agenda 21” was one of the main outcomes of the summit, encouraging all countries around the world to adopt economic policies with the lowest impact on the environment [3]. In recent years, the development and increased use of information and communication technologies (ICTs) has led to the adoption of the concept of “Smart Cities”; ICTs are used for decreasing emissions and for improving the use of resources while improving the citizens’ quality of life [4]. Some examples of smart technologies associated with smart cities include intelligent lighting, solar panels, wind turbines, transportation sensors, etc. the integration of these technologies and the interaction between the inhabitants leads to smart buildings, smart living, smart transportation and smart communication among others [5].

The European Union (EU) has put significant effort into climate change mitigation and increased urban sustainability, focusing primarily on the energy sector, which is responsible for 80% of the total greenhouse gas emissions [6]. Examples of the established legislative measures and goals (some of them discussed more in-depth in the following section) include the EU’s 20-20-20 climate goals, the Energy Performance of Buildings Directive (EPBD), the Ecodesign of Energy Related Products Directive, the Renewable Energy Sources Directive (RES) or the Energy Efficiency Directive (EDD).

One of the EU’s Member States, Sweden has for many years focused on utilizing energy in the most efficient and sustainable way, ranking several times as one of the most innovative countries in the world as well as an environmental front-runner and pioneer [7]. Moreover, Sweden has the second lowest carbon-intense economy among OECD countries, despite a relatively high per-capita energy use [8] making the country particularly interesting to analyze. The country’s efficiency and sustainability visions have, for instance, led the country to count with reliable and efficient district heating and cooling systems (available since the 1950s) and to the deregulation of the electricity market in 1996, allowing in this way consumers to choose their electricity supplier [9]. Additionally, in line with the EU’s 20-20-20 climate and energy goals, Sweden has established its national climate goals to be even more ambitious: CO2 emissions should be 40% lower in 2020; at least 50% of the total energy consumption should be supplied from renewable sources; and the energy intensity should be reduced by 20% [10]. As part of the strategies for achieving these goals, the country became the pioneer in 2009 in completing in 100% of the households, the roll-out of electricity meters and since 2012 providing consumers with the right to get hourly metering of electricity [11]. Within the EU, Sweden was in 2014 one of the countries with the highest number of Smart Cities, as presented in the report, “Mapping Smart Cities in the EU.” [12].

With such ambitious national goals, the climate and energy plans put in place by Swedish municipalities will play an essential role in achieving the sustainability targets for the country.

This paper focuses on the energy goals and actions established by the municipality of Eskilstuna (a small-medium seized city located in Sweden) in their “Climate Action Plan, 2012–2020”. The action plan has been evaluated and discussed in this paper by following the structure and three main topics presented in the plan: increased use of renewable energy (wind and solar), energy efficiency in the transport sector and residential sectors, as well as the engagement of citizens. The use of biogas although a renewable energy source, has been included in the transportation section due to its utilization occurring mainly in the transport sector. The combined efforts and participation of the local government, building and energy sectors and the citizens have resulted in the municipality being selected as the “most environmentally friendly municipality in Sweden” in 2012, and ranked second in 2013 and 2014 [13].

The paper is structured as follows: Section 2 introduces the situation regarding energy efficiency and regulatory framework in Europe and in Sweden in more detail, including a description of the municipality of Eskilstuna; Section 3 presents the situation in Eskilstuna regarding renewable energy production and integration, followed by the municipality’s goals and actions regarding the transport sector (Section 4) and the residential sector and citizens’ engagement (Section 5); Section 6 presents a summary of the main aspects to be considered and their transferability to other cities.



2. Regulatory Framework

This chapter presents a detailed description of the regulatory framework related to energy efficiency and sustainability in the European Union and in Sweden, describing some of the most relevant goals and actions. A description of the municipality of Eskilstuna and its Climate goals has been included in the end of the section.


2.1. Energy Efficiency in the European Union

Several studies have presented the positive correlation between urbanization, energy consumption and CO2 emissions; the increasing urban population is thus considered as an important contributor to CO2 emissions and to a higher energy consumption [14,15]. In 2014, it was estimated that approximately 75% of the population in Europe lived in urban areas and this level of urbanization is expected to reach 84% by 2050 [16,17]. In order to reach the energy and climate goals established by the EU, all member-countries are committed to follow Directives such as the Energy Efficiency Directive (EED–2012/27/EU), which establishes a common framework of measures to promote energy efficiency and to achieve the Union’s 2020 20% target and also to cover the way for further improvements beyond that date, imposing annual end-use savings of 1.5% in the total delivered energy [18]. Additionally, one of the most important legislative measures concerning energy supply and use in European buildings is the Energy Performance of Buildings Directive (EPBD), which requires all newly constructed buildings and buildings undergoing renovation in the Member States to fulfil nearly zero-energy buildings (NZEB) standards by 2020 [19] Apart from establishing legislative measures, the EU additionally supports different projects and initiatives targeting a combination of different aspects of the energy system: higher energy efficiency in the residential and transport sectors, increased use of renewables, greater citizens’ awareness, among others. One example of this is the European Association of local authorities in energy transition, “Energy Cities”, which was created in 1990 and represents more than 1000 towns and cities, in 30 countries. The main goals of the association are: to strengthen the skills in the field of sustainable energy use; to present interests and influence the policies and proposals made by EU institutions in the fields of energy, environmental protection and urban policy; and to develop and promote initiatives through exchange of experiences, transfer of know-how and implementation of joint projects [20]. The Covenant of Mayors is another example of European long-term policy instrument that involves local and regional authorities that volunteer to increase energy efficiency and the use of renewable energy sources. After an organization decides to participate in the Covenant of Mayors, administrative structures are created; a “Sustainable Energy Action Plan” is implemented and monitored, followed by regular submission of implementation reports [21]. Another important action, which started in 2006, is the “Imagine” initiative, with the main objective of creating a long-term perspective and visioning approach of energy and urban issues. The initiative, with 10 partners and 8 pilot studies, focuses on developing the concept of a “low-energy city with a high quality of life for all” and contributing to the strategies of social, institutional and economic players at all levels [22]. “Planning for energy efficient cities” is another EU funded initiative (coordinated by the municipality of Eskilstuna), where 18 partners from 13 countries focus on developing a model for energy efficiency and sustainable city planning by assessing energy-saving solutions and potentials that should be integrated in city planning; and developing action plans that will be presented to decision makers and will lead the cities to become more energy efficient [23].



2.2. Energy Efficiency in Sweden

In Sweden, securing a sufficient amount of energy has been the main policy strategy until the 1970s due to energy being associated with social and economic development and growth. However, the worldwide oil crisis and an increased environmental awareness created a shift towards oil independence, energy conservation and pollution control. As a result, the current energy system is based on renewable sources, mainly water, wind and biofuels; the electricity mix being composed by hydropower and nuclear power. In 2011, the total final energy consumption accounted for 379 TWh (electricity 126 TWh; oil products 107 TWh; and biofuels, peat and waste 76 TWh), which is a reduction of 4% in comparison to 2010 levels. Additionally, distributed by sectors, the residential and services sector was responsible for 144 TWh; the industry sector used another 144 TWh; while the transport sector was responsible for 90 TWh [24].

In the transport sector, Sweden has been promoting the use of biofuels, mainly biodiesel, ethanol and biomethane, the use of which increased by 17% between the years 2011 and 2012. In 2013 the proportion of biofuels, including biodiesel, bioethanol, biomethane and electricity from renewable sources accounted for 10% of the total fuel used for transportation [25]. Regarding the implementation of solar and wind energy sources, they have been described more in detail in the following section due to their direct connection to Eskilstuna’s “Climate Action Plan 2012–2020”.

When it comes to the support provided to the different Swedish municipalities, in 1977, the Swedish Government created the Law for Municipalities’ Energy Planning (1977:439), in order to tackle climate change and increase energy efficiency and use of renewable energy sources. The Law states that each municipality should have an updated plan for supply, distribution and consumption of energy and it was implemented with the aim of minimizing the need for oil and also for optimizing the local energy system and to prevent unnecessary investments in infrastructure. Typically, the goals and actions set by the municipalities consider the environmental effects on a local, regional and global perspective although these goals and scope of the energy plans have varied over the years [26]. The analysis of the energy plans from different periods showed that plans adopted between 2006 and 2008 had a generally broader scope than older plans; environmental assessments were rare and rudimentary in the 1980s and with a broader scope in the 1990s (including wider range of emissions and effects related to energy utilization) [27].

In 2003, the Swedish Energy Agency started the “Sustainable Municipality” program with the aim of increasing the knowledge of cooperation between different actors to achieve sustainable municipalities. The program was divided into three stages: the first stage, 2003–2007, was a pilot stage including only five municipalities, and was intended to make the climate related questions an essential part of the municipalities’ activities. In the second stage, 66 municipalities participated, and the work focused on creating energy and climate strategies and on improving the physical planning and energy efficiency of buildings and transportation. In the final stage (finishing in 2014), two main topics were considered: smart energy planning, and industry policies, with energy as a main growth engine.

This paper focuses on one of the municipalities that participated in the program and established one of the most detailed climate plans: the municipality of Eskilstuna.



2.3. The Municipality of Eskilstuna

The municipality of Eskilstuna, (located in central Sweden, 100 km west of Stockholm and with a population of ca. 100,000 inhabitants [28]), was historically known as the “weapon manufacturing” city. During the 1800s the city’s number of factories producing steam engines and different kinds of machinery increased, helping the city improve its railway communication and contributing to the city’s population growth (doubling in size between 1870 and 1990). During the 1990s, Eskilstuna’s industrialization continued to grow in parallel to its population: the city recruited both national and international workers (mainly from Germany, but also from Greece, Italy and Yugoslavia). The lack of housing infrastructure, needed to cover the growing population needs, was solved by the city’s large implementation in the 1960s of the so called “million residential program”, where old houses were demolished and replaced with multi-family buildings [29]. The “million residential program” was the result of the Swedish political strategy to build one million homes in 10 years (between 1964 and 1975), which also contributed to the real breakthrough for district heating, following the fear for high oil prices after the oil crises, and leading to the buildings’ high connection rates to district heating [30].

As a consequence of the municipality’s participation in the “Sustainable Municipality” program, Eskilstuna developed its “Climate Action Plan 2012–2020” including the targets for reduction of gas emissions, increased use of renewable energy sources, efficient energy use, reduction of fossil fuels and electricity for heating, reduction of emissions of CO2 from transportation as well as food and consumption [31].

One of the main advantages in Eskilstuna, is that the municipality as well as the building and energy sectors have a large role in meeting the climate action plan’s goals. All the municipality owned companies, Eskilstuna Energy and Environment and Eskilstuna Municipality Real Estate Company—in charge of the majority of the buildings in Eskilstuna-, are organized into one company group allowing an easy coordination, decision making and implementation of actions as well as an interdisciplinary vision. In fact, although the cooperation between the energy and building sectors with regards to achieving climate and energy goals has been found to play an essential role, current levels of cooperation and trust between the sectors in Sweden are rather low, making the case of Eskilstuna even more relevant to analyze [32].

The following sections present the most relevant goals and actions included in the Eskilstuna’s “Climate Action Plan” with the corresponding discussion and suggestions.




3. Renewable Energy Sources (Wind and Solar)

With the implementation of climate plans in Sweden, the focus has been shifted from planning of central production and distribution of energy to distributed renewable energy production, mainly as photovoltaic (PV) and wind power. The increased interest in distributed renewable energy production is due to the decrease in the installation cost for PV systems, the Swedish electricity certificate and tax exemption for electricity produced by wind and solar power plants. A Swedish electricity certificate is awarded to the owner of a production plant for every 1 MWh of renewable electricity produced and the average value for a certificate in 2013 was 2 €-cent. Energy produced by wind and solar is also exempt from energy tax which at the end of 2014 was 3.5 €-cent/MWh, while the average price for electricity on the Nordic spot market during 2014 was 3.7 €-cent [33,34].

Following the Swedish goals for reaching 30 TWh in wind power production by 2020 [35], wind power production has experienced a large growth in Sweden reaching a total of 4194 MW by the end of 2013 which corresponds to 7% of the total yearly electricity used in the country, 210 MW of the total installed power consisted of offshore systems [36]. While cost reduction and incentive programs have resulted in a large increase of PV systems in Europe, in Sweden despite the lack of PV capacity goals the installed capacity is beginning to increase reaching approximately 80 MW at the end of 2014 (corresponding to only 0.06% of the total electricity usage in Sweden) [37]. The Swedish incentive program for PV systems started in 2009, initially covering 60% of the total installation costs, and it has been gradually reduced to currently cover 30% of the total investment cost for companies up to maximum of 140 k€ per system. Throughout the duration of the program, and up till 2013 the Swedish government allocated 49 M€ of which 1.8 M€ has been distributed to the municipality of Eskilstuna. There are plans to allocate 17.5 M€ to the incentive program by 2016, after which the program is expected to be terminated in favor of a new program.

Even though most cities in Sweden have set general goals regarding renewable energy production, the goals are not as specific and separated into PV and wind power, as in the case of Eskilstuna. Although currently, the majority of the Swedish municipalities are mainly focusing on meeting their goals with wind power production, some cities are also focusing on PV.

Eskilstuna municipality has plans to produce 9.5 GWh (~10.5 MW of peak power) or 95 kWh per inhabitant of PV electricity and 48 GWh or 480 kWh per inhabitant of electricity from wind per year by 2020. This production is planned to cover 60% of the municipality’s annual electricity use [31]. In order to reach the goal of 48 GWh of wind production, the municipality needs to install 2.3 MW annually. The total annual investment, up to 2020, to meet the PV and wind power goals is estimated to be 5.6 M€, assuming a linear installation rate. The municipality has specifically decided to invest 580 k€ in PV systems during 2014 (66 kWp of which were installed during the first four months) resulting in an installed capacity of approximately 350–400 kWp. If Eskilstuna municipality maintains the current installation trend, there would be a total of 2.1–2.4 MWp installed by 2020, failing to reach the municipality’s goals. In order to meet the goals the municipality would have to install 1.5 MWp every year corresponding to a roof area of approximately 9000–11,000 m2. To put the required area for installations into perspective, an average roof area for multi-family buildings in another province of Sweden is 360 m2 [38]. A possibility to promote PV systems to private companies and house owners, which would facilitate the implementation of PV on rooftops, is to identify suitable building surfaces as shown by the Örebro municipality that developed a solar map over the entire region [39]. Another possibility regarded by the municipality is the construction of large ground based PV plants. Although not a common practice in Sweden, the largest PV park (1 MW of peak power), was recently installed outside the city of Västerås (approx. 50 km from Eskilstuna). Additionally, in connection to the reduced emissions from transportation and although there are no specific goals for encouraging the use of electric vehicles, the municipality has included plans for installing PV powered charging stations for electric vehicles, with an installed PV power of 1 or 2 kWp per station depending on the type of station.

In order to successfully implement distributed PV systems, the main challenge is that the installations on rooftops tend to be larger than the overall building electricity usage resulting in surplus electricity generation during summer. It is important to consider that when a municipality owned company sells the electricity overproduction, the company has to pay energy tax on the total PV electricity production including the self-consumed electricity. Self-consumption is defined as the PV electricity used directly in the building as it is generated or stored in an energy storage for later use in the building. The electricity surplus is then usually fed into the grid and sold. Therefore, it is essential to complement the overall municipality goals with a goal for self-consumption in order to ensure that the systems are correctly sized for the specific building where the system will be installed. In cases where PV electricity is solely self-consumed in the building the company is exempt from energy tax on the generated PV electricity. Therefore, it is important that the municipality of Eskilstuna focuses on installing PV systems with high levels of self-consumption to avoid overproduction or to implement storage systems. This, on the other hand, restricts the overall installation capacity to reach the municipality goals.



4. Energy Efficiency in the Transport Sector

The targets established in the “Climate Action Plan” regarding transportation indicate a reduction by 30% of emissions (in CO2 per citizen) by 2020 and to 75% by 2050. By 2020 the local transport should be composed of 39% cars, 16% public transport, 26% cycling and 19% walking. Additionally, by 2020, the municipality of Eskilstuna expects to decrease the use of gasoline, diesel and fossil gas to near-zero and replace it with biomethane, ethanol and electricity. In order to meet the transport targets by 2015, 100% of all passenger cars and light vans (>3.5 tonnes) should comply with the “green car” classification according to the local transport administration definition. Cars are considered “green” when based on the type of car, they have the following characteristics: petrol and diesel car CO2 emissions do not exceed 120 g/km; alternative fuel cars have consumption lower than 0.92 L petrol/10 km, 0.84 L diesel/10 km or 0.97 m3 gas/10 km; and electric cars with electric energy consumption not exceeding 3.7 kWh/10 km [40]. The municipality’s climate plans do not only focus on the transportation fuel type, but also on reducing the private use of cars in general, targeting reductions of 10% in 2015 and 20% by 2020, and when it comes to public transportation, all the public buses in the city should be 100% fossil free by 2017. To fulfill the fossil-free targets, buses in Eskilstuna use mainly biomethane, and in November 2015 two pure-electric buses will be included in the public transportation fleet and tested in the city during March, 2015 [41]. The biomethane is produced and treated locally by Eskilstuna Energy and Environment- the municipality owned company responsible for the selling and distributing of electricity, district heating and cooling, water, sewage and waste management. The production of biogas from organic waste materials is a common scenario for waste treatment and energy recovery in Sweden. In 2013, 1686 GWh was produced in 264 facilities of which 52% (40% of the biogas production) is related to waste water treatment and about 9% (34% of the biogas production) to co-digestion plants [42]. 54% of the biogas produced was upgraded to biomethane as a vehicle fuel and 31% was used for heat production. In 2013, 1,872,581 Nm3 of raw biogas with a methane content of 62% was produced [43]. The main share of the biogas is upgraded via water scrubbing to biomethane (97% ± 2% methane) which is then transferred via a pipe system to the bus depot where pressure is increased to a maximum of 300 bars. After the pressure has been increased, the gas can be stored or used by the buses used for public transportation in Eskilstuna city [44].

The amount of biomethane (703 tons assuming a density of 0.75 kg·Nm-3) corresponds to 1055 m3 of petrol and 914 m3 of diesel, respectively. Accordingly, 2490 t CO2 compared to petrol (2.36 kg CO2 per L petrol) or 2432 t CO2 compared to diesel (2.66 kg CO2 per L diesel) could be saved by using the vehicle fuels derived from organic waste instead of fossil fuels in public transportation. In 2008, CO2 emissions within the transportation sector accounted for 150,000 t CO2 (2% emission reduction by biomethane utilization) whereof 32,000 t CO2 (8% emission reduction by biomethane utilization) can be allocated to heavy trucks and busses [31].

For the municipality of Eskilstuna to reach their goals related to replacing the use of fossil fuels with biofuels, several possibilities can be implemented that would increase the production of biogas. As an example, the heat demand of the digestion facility is currently covered by using 18% of the biogas produced per year in a gas fired boiler instead of upgrading the gas to a vehicle fuel. An alternative to cover the heat demand could be the implementation of pyrolysis using municipal green waste or parts of the residual digestate. In such a novel process configuration the pyrolysis gas is combusted to recover heat whereas carbon incorporated in the residual biochar is captured and can be used as a soil amendment. Additionally, the amount of digestate that is used as cover material for landfills can be reduced. This possibility of process integration is currently under investigation.

Regarding the utilization of organic household and food waste (organic municipal solid waste, oMSW) currently only the wet fraction is used for anaerobic digestion to produce biogas whereas the solid fraction is composted. The utilization of the whole fraction in its own digestion line has the advantage to recover energy in the form of biogas from all organic waste and additionally to recover nutrients from this feedstock. Unlike residues from the digestion of sewage sludge digestate generated from oMSW is suitable as fertilizer on arable land mainly due to lower amounts of heavy metals.

Currently, residual digestate from the co-digestion of sewage sludge and oMSW is separated. The nitrogen-rich liquid phase (reject water) is recirculated within the waste water treatment plant to remove the nitrogen. Additionally, research results showed that besides nitrogen phosphorous could also be efficiently removed from the reject water by microalgae to reduce returning side streams within the treatment plant [45]. The microalgal biomass was anaerobically co-digested with the waste water sludge to increase the biogas productivity of the system.

In the “Climate Action Plan”, the measures for reaching the targets for public transportation of 16% share by 2020 (in comparison to the 8% in 2006), not only include the use of fuel from renewable sources, but also a higher availability of buses. To encourage the citizens to use buses, a new route plan was developed, using the “metro-style”: low number of bus lines and routes, represented by different colors, making the route maps easier to understand; additionally, citizens were able to purchase the bus ticket through a mobile phone application. As a results, public transportation use increased by approximately 300,000 (from 4.8 to 5.1 million) passengers between 2011 and 2012.

Some of the previously described measures, have helped achieve positive results not only with regards to the public transportation but also for private vehicles; as an example, the portion of “green cars” increased from 57% in 2009 to 67% in 2012; the use of renewable fuel sources used in private vehicles also increased, from 6% in 2009 to 10% in 2012 [46].

For reaching the goals of decreasing the number of private cars (from 61% in 2006 to 39% in 2020) the municipality has been striving to increase the use of bicycles and reaching the goal of 17% by 2020. The municipality adopted in August, 2013 the “Cycling Plan”, which includes the improvement and better-maintenance of bicycle parking spaces; increasing the number of bicycle routes and making them more competitive in comparison to street infrastructure, improving security and safety, etc. [47]. Several indicators were included to follow up the progression of the share of bicycle trips: percentage of children biking to school, share of trips related to workplace, school, commercial and free time destinations.

With the previously described strategies however, the municipality might need more than the expected time, and will fail in reaching the goals. Moreover, the municipality should include additional strategies for those citizens that are planning to purchase a car in the near future, and have a more rigorous plan for promoting “green cars”. In the case of electric vehicles (EVs) for instance, easily accessible information regarding this type of vehicles should be made available for potential EV drivers; the location of charging infrastructure should be based on EVs owners needs and driving patterns and should be included in the urban planning; also a larger number of PV-powered charging stations should be considered - which will additionally create awareness regarding the use of renewable energy sources. It is worth mentioning that despite the rather limited subsidies and incentives for purchasing EVs in Sweden, the number of EVs registered has been steadily increasing over the last few years, reaching a monthly record of 699 registered EVs in March, 2015 [48]. In order to prepare for a large-scale use of EVs, the municipality should include some adoption strategies that will allow for sustainable EV use in Eskilstuna. The municipality’s main priority is to increase the number of people using bicycles and/or walking. However, the plans should also consider implementing some of the strategies currently adopted by other European cities, as for instance “park and ride”, where the car drivers have the option to park their vehicles in specific areas (usually outside the city center), and use public transport connections (typically within central areas of the city) [49,50]. This type of initiatives can be further combined with electric carpooling, car sharing programs or complemented by free public transportation, which could act as an alternative to citizens looking to buy a car or current car owners that would like to replace their cars with joining such initiatives.



5. Residential Sector and Citizens’ Engagement

The goals related to Energy efficiency in buildings and citizens’ engagement are considered by the municipality as the most important groups of the “Climate Action Plan”. The municipality’s total energy consumption, (with special focus on more efficient use of electricity) should decrease by 20% by 2020 and the reduction is intended to target the total energy use per inhabitant.

Studies show that a large part of the energy consumption in buildings can be reduced by changing the consumers’ habits and behavior (especially regarding indoor temperature, use of hot water and home appliances) [51,52,53]. Therefore the municipality’s efforts are not only focused on the technical solutions and building structure improvements, but also on increasing consumer awareness about the impact of their everyday activities on the energy consumption and on the energy system in general. This section will present and discuss the municipality’s activities related to increasing the buildings’ energy efficiency, as well as different strategies implemented to engage the citizen’s participation in the different parts of the action plan.

When it comes to the energy efficiency in buildings, currently in Sweden as well as in Eskilstuna, the main focus has been on the renovation of old buildings, particularly those built under the “million residential program”, between 1965 and 1974. In Eskilstuna, “LaRS” is one of the most relevant projects targeting the “million program”-building areas (Lagersberg, Råbergstorp and Stenby). The “LaRS” project is intended to transform these areas into sustainable and attractive parts of the city, including increasing the employment rates, possibility for development through increased understanding of different cultures and backgrounds with special focus on children. Over the past three years, different actions have been carried out in the “LaRS” areas organized by the housing company responsible for the buildings, and the municipality. As an example, in the area of Lagersberg the initiative started by improving the buildings’ facilities: improvement of insulation of outdoor walls, better kitchens facilities and bathrooms, and more energy efficient windows. More specifically, the renovation of the buildings included: 1.5 cm of extra wall insulation; extra roof insulation; changes in 50% of the windows (the rest were insulated); the air/water ventilation heat recovery system was replaced with an air/air ventilation heat recovery system; the apartments were provided with thermostats and regulation valves and individual hot water meters (allowing the providers to charge the consumers for their consumption of hot water, which had previously been included in their monthly rent). Regarding the tenants’ engagement, strategies based on findings from previous studies were adapted to the group analyzed in this paper [54]. Energy advisers working for the municipality, visited the tenants providing energy and water saving tips in several languages (as most of the residents living there had foreign backgrounds and did not speak Swedish); several workshops were organized in the area, where researchers, advisers, municipality workers, etc. discussed energy related issues with the residents (e.g., easy-to-implement energy savings, making the information from electricity bills more understandable, explaining the processes of waste and water treatment, etc.). Customers of the municipality owned energy provider, additionally had the possibility to access their own consumption through a dedicated web-site, which is expected to help them adapt their behavior and activities in order to save energy.

In order to evaluate the overall impact of the different measures carried out in the areas, on the energy consumption, energy consumption trends for the periods before and after their implementation have been collected and analyzed. The main changes in hot water consumption and heat demand of two of the buildings in the area are presented in Figure 1 and Figure 2, respectively.

Figure 1. Hot water consumption in Buildings 1 (B1) and 2 (B2) before and after the renovation.
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Figure 2. Heating consumption in Buildings 1 (B1) and 2 (B2) before and after the renovation.
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Regarding the technical infrastructure implementation, the only difference between Building 1 and Building 2, was that in Building 2 a solar thermal system dimensioned for 70 MWh/year was installed. The use of a thermal system, could explain the dramatic reduction in hot water consumption in Building 2, as observed in Figure 1. The differences, observed in Figure 1, in hot water consumption in Building 1 on the other hand, are mainly attributed to the individual consumption and to behavior change.



Regarding the heating consumption (Figure 2), the reductions were larger in Building 1 in comparison to Building 2, which can be explained mainly by the fact that some of the apartments in Building 2 had not gone through all the renovation measures yet. After the completion of the renovation activities, the demand for heating in Building 2 is expected to further decrease.



In addition, variations in energy consumption that can be directly attributed to behavioral adjustments are related to household electricity consumption (due to the lack of temperature dependency and the changes not being attributed to any of the other improvements done in the buildings). For the case of Eskilstuna, the monthly average values reached between the years 2011 and 2013 have been presented in Figure 3.

Figure 3. Average monthly electricity consumption between years 2011 and 2013; apartments with increased consumption during 2013 represented by black, solid filled bars.
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From all apartments in the area, 41 apartments were selected as high consumers (monthly values higher than 4 kWh/m2) and their consumption trend was followed between 2011 and 2013 to determine if any of the awareness measures, especially the visits and tips received from the energy advisers, had effects on the tenants. Although there was no available information regarding the number of people living in each of the apartments, it was made sure there were no changes in the tenants before and after the renovation. The floor area of the apartments varied between 64 m2 and 116 m2. Despite the measures taken to help consumers reduce their consumption, 13 households increased their consumption during 2013 (black, solid filled bars); the rest of the apartments reduced their electricity demand by up to 33% (in the case of apartment 33), reaching a total average saving of 1745 kWh/month for the 3-year period.

In general, the municipality and municipality-owned companies have a strong commitment to involve the citizens not only related to energy efficiency in their homes but in activities related to other parts of the energy system. For instance, before adopting the color sorting and recycling of waste in 2011, a group of households participated in testing the procedure and based on their positive response, Eskilstuna Energy and Environment then decided to implement it in a total of 16,000 households (living in houses), becoming the first in Europe to use this technique. The color recycling consists in sorting waste in different color bags depending on the type of waste and allowing a more effective collection and treatment process. The collected organic waste is treated and transformed into biogas which is then used for the local buses (as described in the previous section). When it comes to the efforts towards increasing the awareness of citizens to avoid personal and even public transportation, a new mobility management has been used for the planning of the city: the minimum parking places per building have been reduced, in order to avoid citizens having a second car; companies are encouraged to create a bicycle friendly environments for example, by participating in the “bicycle challenge”, a competition where employees from different companies gain points for each kilometer they use the bike when going and coming back from work. Increasing the awareness among young people regarding energy efficiency is one of the challenges the municipality is actively involved in: groups of teenagers are encouraged to participate in the City Festival arranged by the municipality every summer where they teach others about different ways to live in a sustainable way: e.g., behavior changes regarding energy, food, transportation and other sustainability issues; energy efficiency measures (e.g., presence sensors for lighting, PV systems, etc.) are used in schools, etc.

However, despite all the renovation measures one of the major challenges that remains, is to find a way to increase the citizens’ awareness about energy consumption and engage them in long-lasting energy saving habits. For instance, although visualization of energy consumption in households has been proven effective and can help achieve saving of up to 20%, studies also show that the way of providing the information strongly determines the achieved results and it should be considered by the municipality and corresponding companies [55]. Previous findings show that at least consumer preferences and knowledge regarding energy visualization and usage should be considered before simply providing them with visualization tools [52]. Although the energy supplier provides the consumers with web-based information about their individual consumption this way of providing information needs the commitment of the people to use it (visit the website, log in, etc.) leading to the one of the larger issues being the overall low engagement [44]. The energy supplier together with the municipality involvement, need to focus their efforts on engaging a larger number of consumers to use the website as well as to consider providing information in other ways.



6. Concluding Remarks

This paper examines the climate goals set by the municipality of Eskilstuna (Sweden) paying special focus to the use and integration of renewable energy sources (mainly wind and PV), transport and building sector, including as well the strategies regarding citizens’ involvement in decision-making processes and different energy related topics. The evaluation provided in this paper could be implemented by other small and medium sized cities in their efforts to become “smarter” and more sustainable. Although the transferability to other cities of some of the solutions and activities carried out in Eskilstuna would be dependent on the corresponding climate, socio-political and economic conditions the potential for replicability of some of the presented initiatives could be relatively high, especially if bearing in mind that from the 54% of the world population living in urban areas in 2015, the majority of the urban areas (15.2%) are made up of populations of under 100,000 people; moreover, 10.7% of urban areas have populations of 100,000 to 500,000 people [56]. As a comparison, 4.8% of the population lives in cities of 500,000–1,000,000 people and only 7.9% lives in “megacities” of more than 10,000,000 people. One of the main preconditions that allows Eskilstuna to develop and reach the climate goals, is the synergy and cooperation between different organizations and companies (energy suppliers, building owners, etc.) and the municipality. By Eskilstuna municipality owning the local energy supplier (also responsible for waste and water treatment) and the company responsible for the maintenance of the majority of the buildings in the municipality, the setting and follow-up of common climate goals counts with the strong commitment of all sectors counting with the benefit of including an interdisciplinary approach, using the knowledge and experience of the companies’ experts in urban planning, energy efficiency, waste and water treatment and buildings performance, among others. Good communication between the different sectors, as well as finding mutually beneficial cases in order to establish common goals and strategies is therefore an essential starting point to achieving sustainability goals.

The consideration of the different parts of the urban and energy systems in the “Climate Action Plan 2012–2020” constitutes an essential part of current and future policies that will help the municipality increase its sustainability and efficiency in the long-term. However, some small adjustments would be needed in order to reach the goals, for instance, for reaching the renewable energy goals a detailed analysis of the suitable rooftops for PV installation would be needed as well as better allocation of funds for the planned investments. Moreover, introducing specific goals for self-consumption will ensure the correct sizing of the PV systems, avoiding overproduction. Additionally, incentives and taxes must be established based on a combination of the targeted goals and the self-consumption goals.

When it comes to the transport sector, local public buses in Eskilstuna have already met some of the goals, by shifting all the buses in the fleet in the city area to biomethane. To achieve a transition to this type of sustainable transportation, it is essential for the cities to provide the production facility but also to engage the citizens’ into sorting and recycling organic waste. The number of citizens using buses has also increased in Eskilstuna mainly due to the improvement of the route-plans and the possibility of online purchasing of tickets and providing online routes and timetables information. The increased use of ICTs constitutes an important possibility that cities have to explore and use to improve, facilitate and encourage the use of public transportation Reaching the goals for private use of transportation in Eskilstuna, on the other hand, would need the introduction of specific information and incentives available for the citizens for them to select the most sustainable vehicle type. With the imminent large-scale electric vehicles market penetration, specific plans for location of charging stations and their impact on the grid and urban planning should be considered. In the case of cities where the electricity mix does not include high portion of renewable sources, the strategies need to shift towards increasing the use of public or other sustainable transportation means.

In the area of building renovation and citizens participation concrete awareness/information campaigns need to be carried out (special attention should be paid to carefully selecting the target groups, and the energy saving potential, etc.). Citizens with low interest in environmental and energy topics should be identified and become the main target group of the strategies for increased sustainability. Independently of the physical renovation of buildings, their inhabitants need to know how their activities impact the energy use and the options they have to minimize such impact.
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