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Abstract Paper [I] investigates the energy efficiency of multi-dwelling buildings in Sweden to find out whether the ownership type matters. More specifically, we investigate whether rental apartment buildings are less energy efficient than cooperative apartment buildings and whether public ownership has a negative impact on energy efficiency. A conceptual framework is presented to illustrate that such differences could be explained by the split incentives problem and deviations from profit maximizing interests. The empirical analysis is based on a unique dataset that combines data from energy performance certificates with ownership data on residential units. The results indicate that cooperative apartment buildings are significantly more energy efficient than buildings with rental apartments. The results also indicate that publicly owned buildings have somewhat lower energy performance than privately owned ones.  Keywords: energy efficiency, energy performance certificates, multi-dwelling buildings, ownership, principal-agent, public versus private management, split incentives Paper [II] Incomplete information may be one reason why some households do not invest in energy efficiency even though it would benefit them to do so. Energy performance certificates (EPCs) have been promoted to overcome such information shortages. In this paper, we investigate whether EPCs together with mandatory home energy audits make households more likely to invest in energy efficiency. Our study takes advantage of the mandatory nature of the EPCs to avoid the potential selection bias problem that typically applies to studies using voluntary energy audits as the treatment. Our treatment group consists of single-family houses in Sweden sold from 2008, i.e., when EPCs became legally required in connection with sales of residential buildings, to 2015; while the control group consists of houses sold between 2002 and 2008, i.e., without an EPC. The results show that there is no statistically significant treatment effect for most of the measures that a household can take to improve the energy performance of their house. The significant treatment effect that we do find concerns a few heating system-related measures. Keywords: energy performance certificates, home energy audits, quasi-natural experimental design, incomplete information, investment decision, energy efficiency gap, policy evaluation 
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Paper [III] The price of district heating in Sweden is unregulated and differs substantially among different networks. This paper investigates if the price variation can partly be explained by ownership status, i.e., whether the network companies are privately- or municipally-owned. The empirical analysis is based on data on district heating prices, ownership status, and network characteristics for the period 2012-2017. The results show that prices are higher in privately-owned district heating networks than in municipally-owned networks, especially in the fixed component of the price. It is argued that municipal and private companies’ divergent objectives may be part of the explanation for these differences. Finally, district heating prices are positively correlated with the market prices for heat pumps, regardless of ownership, which suggests a general price-setting strategy based on the price of substitutes. Keywords: district heating prices, ownership, public versus private, natural monopoly, two-part tariff Paper [IV] assesses whether and to what extent income and the stringency and enforcement (S&E) of environmental regulation influence compliance with the EU Waste Hierarchy (EWH), i.e., how EU member states treat waste. The EWH prioritizes waste prevention and re-use over recycling, which is ranked above waste to energy (WtE), while incineration and landfilling are the least preferred options. Biennial panel data for the period 2010–2016 is used to create a compliance index based on the waste treatment alternatives in the EWH. The waste (excluding major mineral waste) of 26 European Union countries is examined. This study is the first of its kind to regress an EWH compliance index on income, the stringency and enforcement of environmental regulation, and other variables that are also expected to affect the relative benefits and costs of waste treatment, such as population density, heating demand, and electricity prices. The shares of landfilling, incineration, WtE, and recycling are also modeled to capture the effect of these variables in the waste treatment mix. The stringency and enforcement of environmental regulation are found to have a positive effect on compliance with the EWH, which has increased over time. Keywords: EU waste hierarchy, waste treatment ladders, income, policy stringency, policy enforcement.  



 

 iii 

Acknowledgements I feel gratitude to many people who made this Ph.D. not only possible but enjoyable. Thanks to Runar Brännlund and Thomas Broberg, who did a fantastic job supervising this thesis. I learned a lot from you during these years and will take forward this knowledge. Thanks for your patience and understanding of my “learning curve.” I greatly appreciate it. Thanks to Gauthier Lanot and Lars Persson who, as coordinators of the Ph.D. program in different years, always took great care of my progress. I am very grateful to my co-authors. Thanks, Andrius Kazukauskas, and thanks again, Thomas Broberg, for being excellent co-authors. I hope that we can continue to collaborate in the future. I want to also express my gratitude to the discussants in the pre-seminars. Your feedback helped me to improve the chapters in this thesis, so thank you, Aemiro Melkamu, Brian Danley, Jesper Stage, Lars Persson, Linda Wårell, and Tommy Lundgren. Besides the pre-seminars, I had the opportunity to present different “work in progress” versions of the articles in this thesis in various settings. Thanks to all the questions and suggestions I received from participants, mainly from Ammarnäs winter conferences and internal seminars at the Department of Economics (previously TEPN workshops). A special thanks to my dear friend Ralf Bilke, who took the time to read and discuss many drafts and provided useful inputs from his experience as a practitioner. This Ph.D. project is part of Umeå University’s Industrial Doctoral School for Research and Innovation (IDS). I want to thank my partner company, Umeå Energi, for all the support provided during these years. Thanks to Jörgen Carlsson, Ulf Kullh, Henrik Bristav, Johan Brändström, Erik Torshage, and André Norberg. The perspectives from your experience in the energy industry and waste management were beneficial for a better understanding of the practical context in which the different articles in this thesis have developed. Thanks to all my colleagues at IDS (Batch 2014), and thanks to Anna Linusson and Benkt Wiklund, at Umeå University, for making the IDS possible. I want to also acknowledge the Green Technology and Environmental Economics Research Platform for Sustainability Assessment at Umeå University. Thanks to the J. C. Kempe Foundation at Umeå University for awarding me travel grants for the spring semesters 2017 and 2018. While not in Umeå, I spent most of my time in Gothenburg. Thanks Mikael Mangold for letting me be at RI.SE during the autumn of 2018. Thanks also to 



 

 iv 

Jessica Coria and Elizabeth Földi at the University of Gothenburg’s Environmental Economics Unit for arranging a place for me to sit during the autumn 2017 and spring 2018 semesters. My time in Umeå was spent working in a very positive work environment thanks to the people there. Thanks to all my colleagues at the Departments of Economics at Umeå University and Forest Economics at SLU for all the talks and laughs over the years. My door will be forever open to you all, so do not hesitate to keep in touch. These years as a Ph.D. student were also years in which I witnessed my daughters’ first years. I started this Ph.D. when my oldest daughter was six months, and four years later, my youngest daughter was born. To some extent, parenthood gave me the opportunity to strengthen my friendship with many families (barnfamiljer) to whom I am incredibly grateful: the Garcés Lemke, the Krause Vargas, the Mankingos, the Nieves Rodríguez, and the Quintero Soto. Your friendship is a treasure. Thanks for being aware of me and asking more than once during these years the forbidden, yet my favorite question: “How is your Ph.D. going?” Now you know the answer. Thank you for letting me be part of your life, and let’s keep enjoying good food, good wine, and good company! Carpe diem. I enjoyed being a Ph.D. student, but I cannot imagine myself being a Ph.D. student 24/7. And that is because of the amazing family and friends in and outside academia that I am privileged to have. Gaby, Emilia, and Valentina, you provide me with balance and motivation in every aspect of my life, not least during my time as a Ph.D. student. To my parents, Martha and Fabián, my brother Pedro, and my family in law: gracias, gracias y mil gracias! Your support in this journey is just another example of your unconditional love.   Alejandro Egüez October 2020 



 

 v 

This thesis consists of an introductory part and four self-contained papers related to energy efficiency, district heating, and waste management: Paper [I] Broberg, T. and Egüez, A. (2018) Blame it on the owner – Ownership and energy performance of multi-dwelling buildings. Energy Economics 72, 108-119. https://doi.org/10.1016/j.eneco.2018.03.026  (Reprinted with permission)1 Paper [II] Broberg, T., Egüez, A. & Kazukauskas, A. (2019) Effects of energy performance certificates on investment: A quasi-natural experiment approach. Energy Economics 84, 104480. https://doi.org/10.1016/j.eneco.2019.104480  (Reprinted with permission)2 Paper [III] Egüez, A. (2020) Ownership and district heating prices: The case of an unregulated natural monopoly. Umeå Economic Studies No. 980 Paper [IV] Egüez, A. (2020) Compliance with the EU Waste Hierarchy: A matter of stringency, enforcement, and time. Umeå Economic Studies No. 981  
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1. Introduction  One of the biggest challenges in environmental economics is understanding the incentives and choices in society. Economic agents such as households, companies, and states may respond to incentives, and these responses can affect the environment in different ways. Incentive structures can be associated with institutional elements such as ownership, information, and regulation. This thesis examines these elements in the energy efficiency, district heating, and waste management sectors. The papers in this thesis are self-contained and address the following questions: Paper [I]: What effect do ownership and incentive structures have on the energy performance of multi-dwelling buildings (MDB)? Paper [II]: What effect do Energy Performance Certificates (EPCs) have on energy efficiency investment decisions? Paper [III]: What effect does ownership have on the price differential between district heating networks? Paper [IV]: What effect do income and the stringency and enforcement (S&E) of environmental regulation have on how waste is treated, in particular regarding compliance with the EU Waste Hierarchy (EWH)? The following subsections provide a general overview of the key aspects of energy efficiency, district heating, and waste management that have motivated the papers in this thesis. Then, section 2 summarizes each paper. Section 3 shows the links between the papers. Section 4 highlights the main conclusions and identifies areas of further research. 1.1. Energy efficiency Energy efficiency refers to the amount of energy required to obtain a certain energy output or services (Patterson, 1996). From a technical perspective, the ratio between energy input and output can be measured in physical units. From an economic perspective, energy inputs have a price and the use of energy services generates utility. Energy efficiency improvements have multiple benefits; for example, a more efficient use of energy resources may promote energy security and emissions reductions, cæteris paribus (IEA, 2015). For these reasons, energy efficiency is one of the top priorities in energy and climate policy agendas 
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worldwide, not least in Europe. The European Green Deal’s overarching aim is to achieve climate neutrality in Europe by 2050. At the national level, Sweden’s target for residential and non-residential buildings is a 50 per cent reduction in total energy use per heated unit area by 2050 (relative to 1995). Despite the multiple benefits of energy efficiency and the cost-effectiveness of its measures, its full potential is yet to be exploited. The difference between the current level of energy efficiency and the level that would be cost-effective is acknowledged in the literature as the energy efficiency gap (Jaffe & Stavins, 1994). Information failures, institutional hindrances, and misaligned incentives are some of the reasons explaining this gap (Broberg & Kazukauskas, 2014; Gillingham & Palmer, 2014). Papers [I] and [II] in this thesis contribute to a better understanding of the energy efficiency gap in the residential sector. The former is concerned with misaligned incentives and the latter, with information failures. The main contribution of paper [I] is the quantification of the portion of the energy efficiency gap due to the split incentives problem between tenants and owners, and the portion due to managerial differences between ownership types. In the case of information failures, the novelty offered by paper [II] is the design of a quasi-natural experiment that evaluates the effect of an information instrument, in this case Energy Performance Certificates, on energy efficiency investments. Paper [II] takes advantage of the mandatory nature of EPCs, unlike previous studies that mostly use treatment groups comprising voluntary participation in specific information programs. 1.2. District heating District heating is a system in which water is heated in one or more central facilities and is distributed through a local network of pipes to satisfy a heating demand. District heating has been one of the main players of Sweden’s energy transition in the last century. The first district heating system in Sweden started in Stockholm in the 1950s, but its planning started back in the 1920s (Frederiksen & Werner, 2013). Until the 1960s, firewood and fuel oil were the main fuels used for residential heating (Kander, 2002). From the 1960s, district heating, together with direct electric heating, replaced a great extent of individual heating systems based on firewood and fuel oil (Werner, 2017). Heat pumps started to become widespread from the 1990s (Johansson, 2017). Nowadays, district heating and heat pumps are the main heating sources in Swedish residential buildings (Energimyndigheten, 2019). 
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The distribution networks of district heating can be considered a natural monopoly (Söderholm & Wårell, 2011). The exercise of monopoly power is a common concern in natural monopolies; therefore, prices may be regulated through, for example, price caps. However, one characteristic of the district heating market in Sweden is that prices have been unregulated since 1996. Ownership has also diversified and prices differ between networks. In this setting, it is important to understand the elements affecting district heating prices. Paper [III] in this thesis contributes to understanding these factors, focusing on how ownership of district heating affects its prices. District heating prices have a two-part tariff structure consisting of a fixed and a variable component. Paper [III] makes an original contribution through its analysis of the ownership effect on each price component. Together with ecological sustainability and security of supply, competitiveness is one of the pillars of Sweden’s energy policy (IEA, 2019). In exploring the role of ownership in district heating prices, paper [III] in this thesis also examined the competition of heat pumps with district heating. Heat pumps become more competitive with lower electricity prices and higher efficiency (Li, et al. 2019). For example, in the case of ground source heat pumps, efficiency in terms of the average seasonal coefficient of performance (SCOP) has doubled from 2.2 in the 1970s to 4.5 nowadays, i.e., 1 kWh of electricity delivers 4.5 kWh of heat (Johansson, 2017). Substitution possibilities, at least in the long run, have influenced how district heating prices are set. Paper [III] also analyzes the relationship between district heating prices and the market prices of heat pumps. 1.3. Waste management Economic growth is generally associated with the extraction of raw materials from natural resources. The production and consumption processes inherent to economic activity generate waste that needs to be treated taking into account societal well-being. This is the foundation of a resource-efficient economy, a necessary condition in the circular economy paradigm. Waste management systems have evolved under the influence of economic drivers as well as environmental and health concerns. As early as the nineteenth century, dust-yard collection and recycling systems in London appeared in part due to the attractive market value of dust demanded by the brick industry and agriculture. The system collapsed when the price of dust dropped once the brick industry started using alternative input materials, such as sand. Together with sanitation concerns, this price drop led to the establishment of a municipally-organized waste management system in London (Velis et al. 2009). 
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Waste management systems and technology have evolved dramatically since then, but how countries treat waste is still influenced by economic drivers as well as environmental and health concerns. Countries treat waste based on the relative costs and benefits of waste treatment options. Environmental and health concerns triggered the development of the EU Waste Hierarchy (EWH), which has its origins in Lansink’s Ladder, a waste management hierarchy devised in the 1970s (Lansink, 2017). The EWH in the EU Waste Framework Directive establishes the following order of priority: waste prevention and reuse; recycling; recovery, e.g., waste-to-energy (WtE); and disposal, e.g., incineration and landfilling. Countries are free to implement specific policies to promote the EWH. If these policies are in line with the EWH, and assuming they are effective, they will affect the relative costs of each alternative in the ladder. Paper [IV] in this thesis analyses different country characteristics that may have an effect on how countries treat waste, and therefore, their compliance with the EWH. Previous literature has analyzed the effect of country characteristics, such as income and population density, on landfilling or other waste treatment methods (Ichinose, Yamamoto, & Yoshida, 2011; Karousakis, 2009; Mazzanti, Montini, & Nicolli, 2009a, 2009b; Mazzanti & Zoboli, 2008; Nicolli, Mazzanti, & Iafolla, 2012). Paper [IV] builds a compliance index based on the waste treatment options in the EWH, making an original contribution to the field in this way. This index is regressed on country characteristics that are expected to affect the relative benefits and costs of landfilling, incineration, WtE, and recycling. A better understanding of these elements is due, since a transition towards the upper levels of the EWH is one of the main focus areas of the 2020 European Commission’s Circular Economy Action Plan. 
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2. Summary of the papers 
2.1. Paper [I] Blame it on the owner – Ownership and energy performance of multi-dwelling buildings As mentioned before in section 1.1, the energy efficiency gap is the difference between the current level of energy efficiency and the level that would be cost-effective (Broberg & Kazukauskas, 2014; Gillingham & Palmer, 2014). Misaligned incentives among stakeholders may partially explain the energy efficiency gap in the residential sector. Paper [I] investigates to what extent different incentive structures—such as split incentives between tenants and landlords, and differences in profit maximization interests between public and private rental companies—affect the energy performance of multi-dwelling buildings (MDB) in Sweden. One of the main contributions of paper [I] is the development of a conceptual framework to illustrate how these incentive structures affect the energy performance of MDB under different types of ownership. Different types of ownership considered include owner-occupied cooperative apartment associations (COAA) and public and private rental MDB. Moreover, paper [I] adds to the literature by enhancing the empirical evidence revealing these differences. In Sweden, rental costs usually include the tenant’s heating bill, which is therefore paid by the landlord. So, while landlords may have incentives to invest in the building’s energy efficiency, the tenant may not have incentives to use energy efficiently. In this context, the split incentives mainly concern a problem of energy use. From the landlord’s perspective, and especially in the case of profit-maximizing private landlords, cost-based rent setting may discourage energy efficiency investments if they serve to lower the operating costs. In this case, landlords may have to share the return on their investments with the tenants. In paper [I], the differences in energy performance between rental MDB and owner-occupied MDB, i.e., COAA, offer an estimate of the energy efficiency gap due to split incentives concerning energy use and other regulatory aspects such as cost-based rent setting. In addition, the effects of public and private management are quantified by estimating the differences in energy performance between public and private rental MDB. Results show that COAA buildings have better energy performance than rental apartment buildings, and the difference in energy performance is relatively small 
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between MDB owned by private and municipal rental companies, after controlling for the buildings’ characteristics. Considering the energy performance of COAA as the benchmark, public rental MDB could reduce their energy use, on average, by 6.5–8 kWh per m2 (4.3–5.2%) and private rental MDB by 5–6.7 kWh per m2 (3.4–4.8%). However, this potential should be interpreted as conservative, since COAA may also have opportunities to reduce the energy efficiency gap. The difference in energy performance between public and private rental MDB is 1.4–1.5 kWh per m2. The policy implications of these results set the basis for future research. From a strict energy perspective, transforming rental MDB to COAA may alleviate some principal-agent-related problems and would perhaps lead to higher energy performance. In COAA, members are the beneficiaries of the actions they take towards more efficient use of energy and making cost-effective energy efficiency investments. However, the energy-related benefits of transforming rental MDB into COAA, or privatizing rental companies, are limited and may conflict with the objectives of municipal ownership (and rent regulation) that form part of broader social policies, e.g., the alleviation of residential segregation. Still, previous research by Mangold et al. (2018) shows that “economically disadvantaged groups are over-represented in buildings with poorer energy performance.” The energy efficiency gap only concerns cost-effective energy efficiency improvements, so a priori there is potential to harmonize energy and social objectives, but further research addressing these issues is needed. As previously mentioned, in Sweden, the heating bill is usually included in a tenant’s rent and is thus paid by the landlord. Individual metering and debiting of the tenant’s heat, as well as water usage, could provide economic incentives to the tenant for more efficient energy use. However, this would create another split incentive problem because landlords would have fewer incentives to invest in the energy efficiency of the building and its appliances. As an alternative, information-based instruments such as peer comparisons that allude to social norms may have an effect on energy use (Broberg & Kazukauskas, 2014). Since heating is included in the rent, but the electricity bill is not, further research should address spillover effects. The energy use data and energy-related building characteristics analyzed in paper [I] come from the Energy Performance Certificates (EPCs) registry administered by the National Board of Housing, Building and Planning (Boverket). EPCs are valid for ten years, and future research should be conducted when new EPCs become available, e.g., to evaluate their effectiveness. In this case, changes in the 



 

 7 

methodology should be critically assessed when comparing the two waves of EPCs (von Platten et al. 2019). 2.2. Paper [II] Effects of energy performance certificates on investment: A quasi-natural experiment approach Incomplete information and bounded rationality may partially explain the energy efficiency gap indicated by the question of why households do not invest in energy efficiency even though it is cost-effective to do so (Broberg & Kazukauskas, 2014; Gillingham & Palmer, 2014). EPCs have been promoted to overcome energy-related information shortages. For single-family houses (SFH) in Sweden, an EPC is required when the property is sold, and it includes recommendations of cost-effective measures to improve the energy performance of the house based on information from an on-site energy audit. Paper [II] investigates whether EPCs make households more likely to invest in energy efficiency. An experimental research design is required to rule out counterfactual energy efficiency investments that would have taken place anyway in the absence of EPCs (the treatment). EPCs became mandatory in 2008, so they cannot be a randomly-assigned treatment. However, since they are the result of an exogenous policy change, a quasi-natural experimental design is possible (Meyer, 1995). Paper [II] diverges from previous literature by not using voluntary energy audits as the treatment, which may lead to methodological issues concerning potential selection bias (Alberini & Towe, 2015; Considine & Sapci, 2016; Frondel & Vance, 2013; Hirst & Goeltz, 1985; Hirst & Grady, 1982). Paper [II] also adds to the existing literature by analyzing several energy efficiency measures separately. The data is based on a survey sent out between May and July 2017 to households in Sweden living in detached, semi-detached, and terraced houses built in 2002 or earlier. Households were asked whether their houses had been subject to specific investments in the last ten years, i.e., 2007–2017. The control group in the quasi-experimental design consists of houses without an EPC and which were sold between 2002 and 2008. The treatment group consists of houses sold from 2008, when EPCs became mandatory in order for the house to be sold, to 2015. Treatment effects are estimated using probit regression models, as well as nearest neighbor matching as the estimator of the average treatment effect. Results show that, overall, EPCs do not have an effect on the household’s investment decisions concerning energy efficiency. However, if specific measures 
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are analyzed, EPCs have a positive effect on investments in water-based heating systems (radiators), new indoor temperature sensors, and new heating systems using district heating or pellets. More specifically, a house with an EPC is 8% more likely to install water-based heating systems and new radiator valves than a house without an EPC. The corresponding figure is 6–8% for new indoor control systems and 8–10% for radiator valves. The perceived benefit of these types of interventions mainly relates to energy efficiency, which may explain the positive treatment effect of EPCs that provides energy-related information to households. Concerning other actions, such as changes of windows, doors, or roofs, energy efficiency may not be the main consideration, and other drivers such as improvements in comfort or esthetics may influence a household’s investment decisions. From a policy perspective, EPCs respond to EU Directives, and countries are responsible for their implementation. The limited effectiveness of EPCs raises concerns about their cost-effectiveness. In the current situation, EPCs are mainly conducted to comply with the requisites to sell a house, and energy efficiency is not necessarily the main driver to having an EPC. Improved communication may increase the perceived utility and effectiveness of EPCs. Paper [II] also revealed that households are not only driven to make energy efficiency improvements for financial reasons. As such, EPCs could emphasize other co-benefits associated with the suggested measures, like positive effects on the environment, or improvements in indoor comfort. Further research should evaluate the effects of these changes. 2.3. Paper [III] Ownership and district heating prices: The case of an unregulated natural monopoly District heating networks are local natural monopolies, and, as such, the possibility of exercising market power cannot be ruled out (Söderholm & Wårell, 2011; Wissner, 2014). District heating prices in Sweden are unregulated and differ between networks, which have different ownership types. The ownership of district heating networks has diversified since deregulation measures were introduced in 1996 (Werner, 2017). These price differentials may be justified by local network characteristics that affect the costs of district heating systems. However, if ownership could also explain the differences in prices, these effects need to be estimated. Ownership may affect price setting if the objectives of the companies differ. For example, private companies may prioritize profit maximization, while municipal companies may have broader social objectives, 
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which allow them to sacrifice profits to achieve such objectives. Paper [III] investigates to what degree ownership can explain the differences in prices among district heating networks. Furthermore, since district heating prices typically have a two-part tariff structure consisting of a fixed and a variable component, the paper examines whether the price differential corresponds to these components in multi-dwelling buildings and single-family houses. This distinction between the price components, which previous studies have not tested, is useful in investigating whether the objectives of the companies, characterized by their ownership type, explain the price differentials between the Swedish district heating networks. More specifically, in the case of a two-part tariff, a profit-maximizing monopolist may use the fixed component of the price to extract as much as possible of the consumer surplus. Likewise, a cost-based monopolist may use the fixed price component to cover their fixed costs and avoid losses. District heating is not exempt from the competition of other heating alternatives, at least in the long run, considering switching costs. For example, ground-source heat pumps have become more competitive in recent years because of their increased efficiency (Johansson, 2017). Besides, electricity prices may also affect the relative prices of district heating and heat pumps. Another aspect that characterizes the Swedish district heating market is the Price Dialogue, a self-regulation platform instituted by district heating and real estate companies where these parties meet and discuss future prices. Paper [III] adds to the empirical evidence not only by using updated data compared to previous studies—such as Åberg, Fälting, & Forssell (2016); Andersson & Werner (2003, 2005, 2001); Colnerud Granström (2011); Hansson (2009); Muren (2011)—but also by incorporating in its analysis the costs of heating with heat pumps and participation in the Price Dialogue.  The empirical model used in paper [III] can be described as a reduced form model where the factors affecting the demand and cost functions determine the price of district heating. These factors, together with the companies’ managerial objectives, determine the equilibrium price of district heating. Results show that district heating prices in networks owned by private companies are 3% higher than the average price of municipally-owned networks, and that the price differential is concentrated in the fixed component. The fixed component of the district heating price in networks owned by private companies is 17% and 24% higher than the average fixed price component in municipally-owned networks for 



 

 10 

MDB and SFH, respectively, which may indicate that private companies generally prioritize profit maximization. Paper [III] also shows that district heating prices are correlated with the price of heating with heat pumps, confirming that they are substitutes. Concerning the Price Dialogue, results show that district heating prices in MDB are 2.7% higher in networks that are members of the Price Dialogue compared with those that are not. In SFH the difference is 1.3% However, this result should not be interpreted as a causal relationship. The Price Dialogue aims to promote transparency and trust between district heating companies and their customers. Further research should explore whether more transparency and trust could affect the possibilities to set higher prices. From a policy perspective, the question of price regulation is always valid in natural monopolies where market power may be exercised. However, price regulation is not always justified because regulating prices is not costless. Relative to the average household’s disposable income, the differences in prices between ownership types are minimal, and it is very unlikely that consumers will exert pressure in favor of price regulation, at least in the current situation. 2.4. Paper [IV] Compliance with the EU Waste Hierarchy: A matter of stringency, enforcement, and time The European Waste Framework Directive establishes that countries should implement waste legislation and policies to apply the EU Waste Hierarchy (EWH). The EWH prescribes an order to prioritize waste treatment options. Waste prevention and re-use are at the top of the hierarchy, followed by material recycling, WtE, and lastly waste disposal methods such as incineration and landfilling. In practice, it is expected that countries treat waste based on the relative costs and benefits of waste treatment options. Characteristics such as income, population density, heating demand, and environmental policies differ between countries and may influence the cost-benefit structure of waste treatment options, and therefore compliance with the EWH. Paper [IV] hypothesizes that the differences in country characteristics explain why they treat waste differently, and therefore also exhibit different levels of compliance with the EWH. One of the main contributions of paper [IV] is the construction of a waste hierarchy compliance index based on the shares of landfilling, incineration, WtE, recycling, and specific weighting coefficients to reflect different scenarios. This 
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index is regressed on income, stringency and enforcement of environmental regulation, and other variables such as population density, heating demand, and electricity prices, which are also expected to affect the relative benefits and costs of the waste treatment options in the EWH. The shares of landfilling, incineration, WtE, and recycling are also modeled to capture the effect of the analyzed country-characteristics in the waste treatment mix. The data corresponds to the period 2010–2016, with biennial observations. Results show that stringency and enforcement of environmental regulation have a positive effect on compliance with the EWH. More specifically, higher stringency and enforcement of environmental regulations are associated with a decrease in the share of landfilling. Concerning income, results show a positive relationship with the share of WtE, which is technologically intensive. However, results also indicate that income has a negative relationship with the share of recycling and a positive relationship with WtE, which indicates that WtE substitutes recycling when income increases. Population density reveals a positive relationship with compliance with the EWH, mainly driven by the fact that waste incineration and recycling are favored over landfilling and WtE when population density increases. Finally, results support a positive relationship between heating demand and the share of WtE. From a policy perspective, paper [IV] shows that stringency and enforcement of environmental regulations matter. Compliance with the EWH has improved over time, which suggests a positive effect of the Waste Framework Directive from 2008. If social preferences are in line with the objectives of the EWH, society will strive for stringent and enforceable regulations to increase compliance with the EWH. The environmental policy indicator in paper [IV] measures stringency and enforcement in a broader sense. Further research is required to assess the effectiveness of specific waste policies and the conditions for their replicability in countries with heterogeneous characteristics. 



 

 12 

3. Links between the articles in this thesis The articles in this thesis are self-contained. However, there are links between them which are discussed below. Figure 1 synthesizes how the four papers in this thesis relate to each other. 

 Figure 1: Relationships between the papers in this thesis 3.1. Ownership Owners may differ in their goals and incentives. Papers [I] and [III] address the effects of ownership in energy performance and district heating prices, respectively. Although covering different contexts, both papers demonstrate that ownership matters. 

Application of Environmental Economics to:Energy Efficiency, District Heating, and Waste Management
The effect of ownership The effect of policy

Paper [I]:Energy performance in multi-dwelling buildings
Paper [III]:District heating prices

Paper [II]:Energy efficiency investments in single-family houses
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As mentioned before, paper [I] estimates the effect of ownership on the energy performance of multi-dwelling buildings (MDB). Tenants in rental MDB have different incentives for caring about energy performance compared to owner-occupied MDB: an example of the split incentives problem (Gillingham, Harding, & Rapson, 2012; Krishnamurthy & Kriström, 2015; Levinson & Niemann, 2004; Maruejols & Young, 2011; Murtishaw & Sathaye, 2008). Incentives may also differ between private and municipal landlords within rental MDB. Profitable energy efficiency investments are attractive for private landlords if profit maximization is their main driver. In the case of municipal landlords, profits are not the only objective, and further social or political purposes influence their management and investment decisions (Boardman & Vining, 1989; Dixit, 1997; Kaufman, 1990; Shleifer, 1998). Paper [III] investigates the effect of ownership on district heating prices. The differing goals of energy companies may partially explain why prices in private district heating networks are higher than municipally-owned networks. Private companies are assumed to maximize their profits and, in a monopoly situation, they set prices accordingly. In the case of municipal companies, profit maximization may not be the ultimate goal, which allows them to sacrifice a certain level of profit to achieve broader social objectives (Åberg, Fälting, & Forssell, 2016; Kaufman, 1990; Nygårds, 2011). As mentioned before, paper [III] analyzes whether ownership can explain differences in district heating prices in MDB and SFH. 3.2. Policies Environmental externalities and the lack of information are examples of market failures that justify policy interventions (Hepburn, 2010; Sterner & Coria, 2013). Energy performance certificates, addressed in paper [II], are a policy instrument that could be motivated by information failures. EPCs provide energy-related information, in this case, of residential properties. The EWH, addressed in paper [IV], may be motivated by the association of waste with adverse environmental and health effects. The Waste Framework Directive and the EWH are part of the European waste policy. Individual countries are responsible for implementing their own policies to comply with this Directive. 3.3. Additional common links Besides the institutional elements described previously, the papers herein have further connections. For example, energy efficiency’s cost-effective improvement potential, also known as the energy efficiency gap, motivates papers [I] and [II]. 
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However, in paper [I], principal-agent problems are the source of the energy efficiency gap, while information failures motivate paper [II]. Papers [I] and [II] study EPCs in the residential sector. However, their aims and object of study differ. Paper [I] focuses on MDB, while paper [II] explores SFH. Paper [I] uses data from the EPCs and other sources to evaluate the effect of ownership on the energy performance of MDB. Paper [II], instead, studies the effectiveness of the EPCs as a policy tool to promote energy efficiency investments in SFH. Paper [III] covers MDB and SFH, but with the aim of ascertaining the role of ownership on district heating prices. The heating market links paper [III] with papers [I] and [II]. Paper [III] focuses on district heating prices but also discusses alternative heating forms such as heat pumps. Heating is the main energy use analyzed in papers [I] and [II]. By 2017, the energy consumption of households reached 87 TWh, which accounts for nearly a quarter of the total final energy use (378 TWh). Two-thirds of these 87 TWh were used for heating and hot water in MDB and SFH. MDB mainly used district heating (24 TWh), while SFH used 15.2 TWh of electric heating, 10.4 TWh of biomass, and 5.5 TWh of district heating (Energimyndigheten, 2019). Finally, WtE is a common link between papers [III] and [IV]. In the EWH addressed in paper [IV], WtE has a higher priority than landfilling and waste incineration without energy recovery, but a lower priority than recycling and waste prevention. By 2018, half of the treated household waste in Sweden was being utilized for energy recovery. Waste is an important fuel for district heating and the co-production of electricity in combined heat and power (CHP) plants. The total energy production from waste is 17.5 TWh, of which 2.2 TWh are used to produce electricity and 15.3 TWh are used for district heating (Swedish Waste Management Association, 2018). The demand for district heating is 50 TWh (Energimyndigheten, 2019). 
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4. Conclusions and further research This thesis shows how institutional elements such as ownership, information, and policies may affect the incentives behind the decisions that economic agents take concerning energy efficiency (papers [I] and [II]), prices (paper [III]), and waste management (paper [IV]). The following are the main conclusions of each paper: Paper [I] 
• Ownership and energy performance are linked in a conceptual framework. 
• Ownership matters for the energy performance of multi-dwelling buildings. 
• Tenant-owned buildings show better energy performance than rental apartment buildings. 
• The difference in energy performance between private and municipal rental company buildings is small. Paper [II] 
• We test if the Swedish energy performance certificate scheme affects investments in energy efficiency using a quasi-natural experiment. 
• We find no significant overall effect on energy efficiency investments. 
• We do find significant treatment effects for a few heating system-related measures. Paper [III] 
• Data confirms that district heating prices are higher in private networks than in municipally-owned networks. 
• The price differential mainly concerns the fixed price component. 
• The different objectives of municipal and private companies may partially explain these differences. 
• District heating prices are correlated with the market prices of heat pumps. Paper [IV] 
• A compliance index is created on the basis of the waste treatment ladders of the EU Waste Hierarchy. 
• Higher stringency and enforcement of environmental regulation is related to less landfilling. 
• Compliance with the EU Waste Hierarchy has increased over time. 
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While the papers in this thesis answer particular research questions, new questions for further research also arise. Paper [I] shows that owner-occupied cooperative apartment associations have better energy performance than rental apartment buildings and that private rental buildings have slightly better energy performance than municipally-owned rental buildings. While paper [I] highlights some of the reasons that may explain these differences, further research is required to assess whether bridging these differences could contribute to broader social objectives, such as alleviating residential segregation. Moreover, further research is necessary to evaluate alternatives, such as information-based instruments that minimize the inefficient use of energy due to the split incentives problem. Also, since in Sweden heating is often included in the rent, but the electricity bill is not, further research could estimate spillover effects. Energy performance certificates are valid for ten years, which means that the second wave of certificates has already started and will continue in the coming years. The arrival of new data could open possibilities for further research. For example, it would be interesting to use a difference in differences approach to compare the changes in the energy performance of buildings that switched ownership type between these years, with that of buildings that remained under the same ownership. The new wave of EPCs also brings new challenges, especially concerning the comparability of the data in the case that variables and measurement criteria differ between the old and new EPCs. Paper [II] shows that the effect of EPCs on energy efficiency investments is narrowed to specific types of improvements. Despite the challenges EPCs present concerning cost-effectiveness, it is problematic to abandon EPCs because they correspond to broader EU legislation. Improvement potential exists concerning, for example, the way how the content in EPCs is communicated to users. Further research could evaluate the effectiveness of different communication strategies, for example, using experimental methods. Paper [III] estimates the effect of ownership on district heating prices. Further research aiming to estimate cost functions and the markup differences between companies could better estimate possible market power exercise. Paper [III] incorporates Price Dialogue membership into the empirical analysis. This incorporation is a first step, but further research is necessary to explore whether more transparency and trust between district heating companies and their customers, which are the Price Dialogue’s aims, could affect the possibility of setting higher prices or vice versa. Paper [III] also addressed the competition 
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district heating faces from heat pumps. Results show a correlation between district heating prices and electricity prices. However, further research from an energy systems perspective is required to evaluate the interaction between these markets, especially concerning the effect of changes in electricity demand on power networks. Paper [IV] shows that stringency and enforcement of environmental regulations matter for the treatment of waste in compliance with the EWH. However, the environmental policy indicator in paper [IV] measures stringency and enforcement in a broader sense. Further research is required to assess the effectiveness of specific waste policies and their replicability conditions in countries with heterogeneous characteristics. 
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