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ABSTRACT 

The increasing global energy demand, which today is mainly supplied by energy sources 

with a fossil origin, is a severe threat to the environment and to the security of supply. In 

order to handle these problems, renewable energy sources are promoted globally as well 

as nationally in Sweden. Solar photovoltaic (PV) technology is one of the most mature and 

commercial renewable energy technologies and could play a vital role in phasing out fossil 

energy sources. In the emerging, promising concept of solar landfills, PV systems are 

installed on closed landfill sites in order to combine renewable electricity production with 

resource efficient use of land. In this study the legal, technical and financial aspects 

concerning a solar landfill project in a Swedish setting were investigated. Additionally, 

the potential of the concept on a regional level in Sweden was analysed. The methodology 

used in the study featured literature research, interviews, and a feasibility assessment of a 

solar landfill project on Visby landfill. 

Regarding the legal aspects linked to a solar landfill project, an inconsistency between 

Swedish municipalities concerning the need of a building permit for a ground mounted 

PV system was revealed in the study. While some municipalities demand a building 

permit, others do not. Additionally, the fact that a closed landfill usually is classified as an 

environmentally hazardous activity doesn’t result in any need for additional permissions 

for a PV system installation on a closed landfill. Therefore, such legal aspects are not 

likely to hinder a solar landfill project to any great extent. 

Considering the technical aspects, the choice of mounting system must be done carefully 

because of the special conditions which exist on a landfill site; such as ground penetration 

restrictions and risks of settlement. While a ballasted mounting system can avoid ground 

penetration, a driven pile mounting system generally features a lighter construction. 

Furthermore, a fixed tilt mounting system is preferred over a sun tracking mounting 

system due to the extra weight and sensitivity to settlement which comes with the latter 

choice. Regarding the choice of PV modules, thin film modules generally feature a lower 

weight and can therefore be advantageous in comparison with crystalline silicon modules. 

In the case of Visby landfill, where penetration was preferred to be avoided but where the 

risk of settlement was considered low, the PV system which was deemed most suitable for 

the site featured a ballasted fixed tilt mounting system with crystalline silicon PV 

modules. 

Considering the financial aspects, the study emphasises the importance of using the 

produced electricity to offset consumed electricity in order to enable a sound investment. 

This can be done by a wise choice of owning and financing structure where the produced 
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electricity offsets consumed electricity for a large consumer, e.g. an industry or a grocery 

store, or for a number of residences in a community solar. The economic feasibility also 

heavily depends on the projects’ possibility to use policy incentives and tax exemptions. 

The feasibility assessment of Visby landfill showed that the most economically feasible 

investment was possible by founding a community solar which offsets the members’ 

consumed electricity. Such an investment would feature a 10 year payback time and an 

internal rate of return of 8.3 %. 

Finally, the potential of the solar landfill concept on a regional level was identified as 

significant. In a scenario where the PV system suggested for Visby landfill in the 

feasibility assessment is installed on all the suitable landfill sites on Gotland, the island has 

the possibility to produce 22 GWh of electricity from solar landfills, thereby meeting the 

regional energy goal set for 2020. 
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1 INTRODUCTION 
Due to the increasing world population, the fast global development and the rising 

demands of comfort and mobility, the energy demand is increasing year by year (Tyagi et 

al. 2013). Since a majority of the current energy supply has a fossil origin, the current 

energy system contributes to global warming and increased air pollutions which poses a 

threat to the environment (Solangi et al. 2011). In addition, the global dependence on 

finite fossil resources also threatens the current energy system due to the lack of security 

of supply (Finon 2007). To get a hold of the global emissions of greenhouse gases and 

increase the share of energy from renewable sources in the global energy mix, global 

initiatives such as the Kyoto Protocol have been established (UN n.d.; IPCC 2007; 

Regeringskansliet 2013). The main issue with these initiatives are their ineffectiveness in 

terms of too unambitious emission targets or the fact that they are not met. On an EU 

level though, more ambitious agreements are in place with the “20-20-20” targets, which 

were introduced in 2007 (Näringsdepartementet 2012a). The targets imply that the 

member states of the EU, by the year of 2020, should have a 20 % share of renewable 

energy in their energy use, reduce the emissions of greenhouse gases by 20 % and make 

energy efficiencies by 20 %. The renewable energy target in Sweden is even more 

ambitious, as 50 % of the energy supply should come from renewable sources by 2020 

(Energimyndigheten 2013a). The EU has also decided that the member states should 

reduce their emissions of greenhouse gases with 80-95 % by 2050 compared to the levels 

in 1990 (European Commission 2011). 

To reach these set targets and to overcome the problems with energy of a fossil origin; 

solar energy, including photovoltaic (PV) cells, can play a vital role. It is by many 

countries seen as the most commercial and mature renewable energy technology (Tyagi et 

al. 2013). Furthermore, solar cell technology is silent, its energy resource is abundant 

(Edoff 2012), and it requires no moving parts (Tyagi et al. 2013). The annual global 

consumption of fossil fuels corresponds to a coverage of 0.08 % of the land on earth with 

solar PV systems (Bayod-Rújula et al. 2011). On top of this, the PV technology also has a 

small negative impact on the environment in terms of hazards associated with the 

production and usage (Solangi et al. 2011).   

In an attempt to combine renewable electricity production with resource efficient land 

use, a promising concept called solar landfills has recently been developed (Averett 2011; 

Hazardous Waste Consultant 2010; Sampson 2009; Mohapatra et al. 2012; Tansel et al. 

2013). The solar landfill concept refers to solar PV systems installed on closed landfills, 

thereby generating renewable electricity and utilising land often seen as unusable. This 

concept potentially has a bright future ahead since the production cost for large solar PV 
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systems is becoming more and more competitive with conventional electricity production 

(Bolinger & Weaver 2013). Furthermore, landfills offer 

As of today, solar landfills are mainly established in the US (Averett 2011; Public 

Management 2011; Sampson 2009). However, solar landfill projects can also be found in 

Europe (Bachiri & Bodenhagen 2010; Olson 2012; Chan 2013). In Sweden, a few projects 

are currently being planned (Fälth 2014; Björkman 2014), but none has been taken into 

operation yet. Therefore, this thesis contributes to introduce the solar landfill concept in 

Sweden. 

1.1 AIM 

This study aims to investigate the technical, financial and legal aspects of installing solar 

PV systems on closed landfills in Sweden. The aim is also to investigate solar landfills’ 

potential on a regional level in Sweden. 

1.2 RESEARCH QUESTIONS 

The following questions help to fulfil the aim of this study: 

 Which permits are needed to establish a solar landfill? 

 How can the choice of PV system components be adapted to the technical aspects 

of a solar landfill? 

 How can a solar landfill project be a feasible investment? 

 Which potential can the solar landfill concept have on a regional level? 

1.3 BOUNDARIES 
This study focuses on grid connected, ground mounted solar PV systems which utilises 

commercial solar PV technologies. While this limitation excludes off-grid PV systems, it 

includes PV systems which can function either as a centralised power plant which 

entirely injects electricity to the grid, or as a distributed power system which provides 

power to a grid-connected customer and injects excess electricity to the grid. The focus on 

commercial PV technology was chosen in order to facilitate the data collection, since data 

for commercial technology was assumed to be publicised in a broader extent than 

technology which currently is under development.  

1.4 DISPOSITION 
In Chapter 2, the background is presented. Solar PV technology and landfills are 

explained separately followed by information regarding the electricity market and policies 

which stimulate the development of solar PV projects. The background chapter ends with 

a brief explanation of the island of Gotland. The theory used in this study, which concerns 

different economic key figures, is presented in Chapter 3. The methodology for the study 
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is presented in Chapter 4; including methods for data collection, the feasibility assessment 

and the up-scaling of the feasibility assessment. Chapter 5 focuses on the legal aspects of a 

solar landfill in the form of permits. However, legal aspects related to technical and 

financial are also included in Chapter 6 and 7, which treats technical and financial aspects 

separately. Chapter 6 describes technical aspects of solar landfills including both aspects 

regarding the properties of a landfill site and components of a PV system. In Chapter 7 

financial aspects regarding solar landfills are presented including the value of electricity 

and possible financing structures for solar PV projects. In Chapter 8, a feasibility 

assessment of Visby landfill is presented where technical, financial and legal aspects of 

installing a PV system on the closed landfill are examined, followed by an analysis of the 

assessment. Chapter 9 then includes an up-scaling of the feasibility assessment where the 

concept of solar landfills is assumed to be widely implemented on Gotland. Chapter 9 also 

includes an analysis of this implementation. The study is being wrapped up with a 

discussion and the final conclusions in Chapter 10 and 11, respectively. 
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2 BACKGROUND 
This chapter starts with explanations about solar PV technology and landfills followed by 

information regarding the electricity market and policies which stimulate the 

development of solar PV projects. Finally, a brief explanation of Visby landfill and the 

island of Gotland is presented, since a feasibility assessment of Visby landfill and an up-

scaled feasibility assessment on Gotland have been conducted within this study.  

2.1 SOLAR PHOTOVOLTAIC TECHNOLOGY 

Initially in this subchapter the components building up a solar PV system are described 

followed by information regarding a PV system’s performance, including the performance 

of commercial solar cell technologies. Thereafter important aspects concerning the 

configuration of a PV system are presented and further on aspects regarding the 

investment in a PV system are explained. Finally there is an overview of the growing PV 

market.  

2.1.1 SYSTEM COMPONENTS 

In a solar photovoltaic cell direct conversion of sunlight into electricity takes place, a 

process referred to as the photovoltaic effect (Tyagi et al. 2013). The intensity of the 

sunlight determines the amount of electricity each cell will generate. The PV cells can be 

connected in series or in parallel in order to increase the output voltage or current 

(Florida solar energy center 2007). A PV module consists of connected PV cells which are 

covered with a protective laminate and a PV panel is one or more PV modules collected as 

a pre-wired unit which is ready to be installed. Furthermore, PV modules or panels put 

together into a complete power-generating unit are referred to as a PV array. Figure 1 

shows the parts building up a solar PV array. 

 
Figure 1. An illustration of a cell, module, panel and array of a solar PV system (Florida solar energy center 
2007). 
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Two of the most commercial solar cell technologies today are single junction crystalline 

silicon cells and thin film cells (IEA 2010). Figure 1 accounts for crystalline silicon cells, 

and in some cases thin film cells build up an array in the same way (Edoff 2012). Thin film 

cells though can also build up a module which consists of one single uniformed solar cell, 

which can be flexible.  

Besides the PV array, a PV system also includes an inverter and balance-of-system 

components such as a mounting system and wiring (Olis et al. 2013). An inverter is 

needed to convert the direct current (DC) from the PV modules to alternate current (AC) 

in order for the PV system to deliver electricity to the grid. Furthermore, the mounting 

system enables the PV module to be oriented and secured optimally in order to maximise 

the power output of the system (Olis et al. 2013). A ground mounted system can either be 

directly anchored to the ground or ballasted on top, and it can have either a fixed tilt or a 

tracking system. Figure 2 shows a ballasted mounted system, in this case with concrete 

footers, and in Figure 3 a driven pile foundation, which is anchored to the ground, is 

shown. Both of these mounting systems feature PV modules installed in a fixed tilt.   

 

Figure 2. A fixed tilt ballasted mounting system with concrete footers. 
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Figure 3. A fixed tilt mounting system with a driven pile foundation. 

While the fixed tilt system refers to a mounting system where the PV modules are 

installed at a set angle to maximise the exposure of sunlight throughout the year, the 

tracking system enables the modules to follow the sun either with a single-axis or a dual-

axis. Thanks to the sun tracking provided by these systems, a 30-40 % gain in annual 

incoming solar irradiation on the PV modules can be accomplished compared to fixed tilt 

mounting systems (Bayod-Rújula et al. 2011). The disadvantages with tracking systems 

though are the extra land needed in order for the panels to not shade each other, and the 

higher installation and maintenance cost (Sampson 2009). 

2.1.2 SYSTEM PERFORMANCE 

In order to enable fair comparisons between different PV cells, the efficiency of a PV cell 

is determined as the power output divided by the power input, in the form of solar 

irradiation, under so called Standard Test Conditions (STC) (GEA 2013). In specific, the 

STC refer to a light intensity of 1 kW per m2, an air mass 1.5 spectrum and an operating 

temperature of 25 degrees Celsius. The power output from a PV cell under STC is called 

the nameplate power, alternatively the nominal power or the rated power, which is 

expressed in the unit watt-peak (Wp). In order to express the nameplate power of a 

complete PV module or system, the nameplate power of the PV cells is simply 

summarised. However, it is important to notice that the operating conditions of a PV 

system will influence the efficiency of the PV system. Generally, the average efficiency 

over a year will be lower than the efficiency achieved under STC conditions. 

The crystalline silicon cells can be either mono or poly crystalline, where mono 

crystalline cells have a higher efficiency due to the fact that it consists of one single crystal 

(Tyagi et al. 2013). The typical STC efficiency of mono crystalline cells are nearing 20 % 
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and poly crystalline cells have an efficiency of up to 17 % (EPA & NREL 2013). Poly 

crystalline cells on the other hand have lower production costs since they are produced by 

melting down silicon crystals to form the layers to the cells (Tyagi et al. 2013). The two 

main thin film technology options are amorphous silicon and cadmium telluride (EPA & 

NREL 2013). Amorphous silicon modules have up to 9 % efficiency and have the lightest 

modules on the market. Cadmium telluride modules on the other hand, are the heaviest 

on the market, and the efficiency is up to 12 %. 

Comparing crystalline silicon and thin film, crystalline silicon has apart from its high 

efficiency shown competitiveness through its slow degradation of the module’s 

performance, during 30 years on the commercial market (Olis et al. 2013). In a study by 

Realmuto et al. (2011) the superiority in electricity production of crystalline silicon 

compared to thin films has been shown. Thin film cells on the other hand, gain 

competitiveness through its lower manufacturing and material costs (Becker et al. 2013). 

In some cases, this makes the thin film cells triumph over crystalline silicon cells when it 

comes to economic feasibility (Dirjish 2012). In addition, thin film cells are advantageous 

in warm climates since they are less sensitive to heat than crystalline silicon cells (SolTech 

Energy n.d.), and some thin films are also less sensitive to shading (Weliczko 2012). The 

complex structure of flexible thin film cells though often requires more advance 

installation skills, and the materials used are often more environmentally harmful than 

silicon (Dirjish 2012). Bolinger & Weaver (2013) claims that the thin film technology has 

been losing competitive strength on utility scale during recent years due to the falling 

prices of crystalline silicon PV projects. These project prices had in 2012 been reduced by 

two thirds since the period 2007-2009. This is due to the global excess of crystalline 

silicon module manufacturing capacity which led to crystalline silicon module prices 

falling faster than thin film module prices. Therefore, more crystalline silicon projects are 

currently projected. A summary of the comparison between crystalline silicon and thin 

film solar cells can be seen in Table 1. 

Table 1. Summary of a comparison between the properties of crystalline silicon modules and thin film 
modules. The most advantageous type of module for each property is marked in bold. 

 Crystalline silicon Thin film 

Degradation Low High 

Efficiency High Low 

Manufacturing and material cost High Low 

Heat resistance Low High 

Shading sensitivity High Low 

Environmentally harmful materials Less More 

The typical warranty of a PV panel is about 25 years (Stoltenberg et al. 2013). The 

warranty of a typical inverter though is less, normally up to 15 years, but the useful 
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lifetime can be significantly longer (Clean Energy Authority 2013). The efficiency of an 

inverter can be up to 98.5 % (Olis et al. 2013). 

Besides losses related to the operating conditions mentioned earlier, a PV system’s 

performance will be influenced by additional losses in the form of wiring, reflection, 

shading and soiling losses, inverter inefficiencies, cell mismatch, system down-time, and 

component failures (Dierauf et al. 2013). In order to consider all these losses in an 

assessment of the overall performance of a PV system the performance ratio is a usable 

metric. The performance ratio measures how effectively a PV system converts sunlight 

into AC electricity in relation to the nameplate power of the system, and it can therefore 

be seen as an indicator of the quality of the PV system. For newly installed PV systems, 

GEA (2013) states that typical performance ratio values are in the range of 0.7-0.85 while 

Dierauf et al. (2013) have identified the value to be in the range of 0.6-0.9. However, due 

to age-related degradation of the PV cells, the performance ratio will decrease over time 

(SMA n.d.). In a comprehensive historical analysis of degradation rates conducted by 

Jordan & Kurtz (2012) including nearly 2 000 degradation rates, a mean degradation rate 

of the annual power generation of 0.8 % per year was calculated. 78 % of the data in the 

analysis reported a degradation rate less than 1 % per year. In comparison, crystalline 

silicon was shown to have a slightly lower degradation rate than thin film, even though 

the degradation of thin film has improved in the last decade. Jordan & Kurtz also claims 

that different climate conditions may influence the degradation rate, as remarkably low 

degradation rates were identified for PV modules installed in geographical regions 

featuring a cool climate. 

2.1.3 SYSTEM CONFIGURATION 

In order to design a PV system which takes the losses related to the PV array into account 

and thereby utilises as much of the installed capacity as possible, the peak capacity of the 

PV array should be greater than the installed inverter capacity (Gregg 2010). The ratio 

between the PV array capacity and the inverter capacity is often in the range of 1.15-1.3, 

depending on the system designer’s choice. A ratio in the high end of the span can be 

advantageous if the PV array output is expected to be significantly lower than the 

nameplate power and if the design aims to optimise the system for a longer time period. 

Furthermore, the number and therefore size of inverters used in a PV system can differ 

(CDM Smith n.d.; Bachiri & Bodenhagen 2010). If using one high power inverter the 

efficiency of the system gets higher than using many smaller string inverters (CDM Smith 

n.d.). String inverters though certify that the voltage in each individual PV field does not 

get too high, and many inverters makes maintenance and repair easier since the system 

must not be shut down completely (Bachiri & Bodenhagen 2010). 
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Regarding fixed tilt PV systems, as previously explained the tilt angle is set to maximise 

the yearly exposure of sunlight (Olis et al. 2013). In the south part of Sweden the optimal 

position of a PV system is when it is facing south and the angle is about 40 degrees (Stridh 

2013a). If facing another cardinal the optimal angle of the modules is less than 40 degrees. 

There are also other aspects which need to be considered regarding the tilt angle though, 

since for example a higher tilt angle will cause more exposure to wind loads (EPA & NREL 

2013). This requires extra stability from the mounting system. On the other hand, high tilt 

angles are sometimes necessary if there is a risk of snow loads. In case of long-term 

accumulation of snow the PV modules should also have some distance to the ground in 

order for the snow to not accumulate on the modules. Additionally, a distance to the 

ground is preferable to facilitate for mowing. This distance though also comes with higher 

wind forces. Furthermore, high tilt angles require a longer distance between the rows of 

PV modules in order for them to not shade each other. However, if the objective with a 

PV system is to maximise the power output on a limited area, lower tilt angles should be 

used since it allows for less space between rows and therefore makes room for more PV 

modules. 

2.1.4 PROJECT INVESTMENTS 

While several reports claim that solar PV electricity will reach grid parity1 in the coming 

decades (SunShot 2012; IEA 2010; Greenpeace & EREC 2011), the fact remains that this 

level of cost competitiveness has not yet been achieved (Sener & Fthenakis 2014). 

Therefore, the budget of a PV project must be carefully managed in order to turn the 

project into a sound investment.  

The costs for a large-scale PV project will mostly be related to the system components of 

the PV system (Bolinger & Weaver 2013). Furthermore, regarding the economies of scale 

for a PV project, Bolinger (2009) has identified that commercial PV projects, in 

comparison with residential projects, can benefit from economies of scale which grant a 

lower, and therefore, a more cost competitive system cost. Bolinger & Weaver (2013) have 

also, in an analysis of installed prices for PV projects in the US in 2012, confirmed these 

economies of scale advantages for large projects. However, the analysis also showed that 

the most impact on the economies of scale could occur in the low end of the size range. 

For project sizes larger than 5-10 MWp the scale of economies was seen to significantly 

decrease, often due to greater development challenges such as environmental sensitivities 

and permitting requirements, along with increased transmission hurdles. 

 

                                                 
1 Grid parity is when electricity produced with a new technology has the same price as the electricity 

available on the transmission and distribution grid (Renewable Energy Advisors n.d.). 
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2.1.5 THE PV MARKET 

The global electricity generation from solar PV systems grew by 42 % on average each 

year between 2000 and 2010 (IEA 2012). The major solar cell technology on this 

expanding market is crystalline silicon which has a global market share of 85-90 % (IEA 

2010), thus being dominant over thin film technology. Furthermore, in 2011 and 2012 PV 

systems were the largest source of electricity newly installed in Europe (EPIA 2013). This 

growth had in 2012 resulted in a global installed capacity of 102 GWp, a capacity which 

can produce more than 110 TWh each year and supply 30 million European households 

with electricity. Germany accounts for a third of the global installed capacity which 

makes it the country with the most installed PV capacity in the world (EPIA 2013). Even 

though the PV market is continuously growing it only accounts for 0.1 % of the global 

electricity production (IEA 2010). 

The global price of PV systems has been declining along with the technology 

improvements and economies of volume and scale (IEA 2010). The global price of PV 

systems dropped especially in 2011 when the production capacity outgrew the demand on 

the international market. Despite the declining cost, the relatively expensive investment 

is the greatest barrier PV technology is facing today. Other factors challenging the 

growing PV market is the continuing financial crisis and political instability which can 

result in the governments reconsidering their commitment to renewable energy (EPIA 

2013). 

The International Energy Agency’s roadmap for solar PV (2010) suggests that by 2050 

there will be 3 000 GWp of installed PV capacity globally, which accounts for 11 % of the 

expected electricity capacity. The roadmap also assumes that PV technology will reach 

grid parity in many countries by 2020, which means that the price of electricity generated 

from new PV systems in 2020 will be less or the same as the price of electricity purchased 

from the grid. Furthermore, Greenpeace predicts in their publication “Advanced Energy 

Revolution” a scenario where the global installed PV capacity will be more than 4 000 

GWp by 2050 and that grid parity will be achieved by 2030 (Greenpeace & EREC 2011). 

Shifting the focus to the Swedish PV market, it can be noticed that the market, similarly 

to the international market, is growing steadily (Lindahl 2013). Lindahl declares that the 

declining prices, in combination with a growing interest for PV technology and the 

investment grant offered by the Swedish government, are the main contributors to the 

strong Swedish PV market growth. Still, the Swedish market is small. The total installed 

capacity of PV power in 2012 was 23.8 MWp (Energimyndigheten 2013b), and in relation 

to the total power production capacity in Sweden, this represents less than 0.1 % 

(Energimyndigheten 2013a).  
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2.2 LANDFILLS 

Trends regarding landfilling on a global, European and Swedish level are first presented in 

this subchapter together with landfill legislations in the EU. Afterwards different after-

uses for closed landfill sites are described. 

2.2.1 TRENDS IN LANDFILLING 

As a consequence of an increasing standard of living, particularly taking place in the 

developing regions of the world, the global generation of waste is increasing (UNEP 2010). 

It is estimated that the waste generation rate will double in lower income countries in the 

next 20 years (The World Bank 2012). However, the developing regions can’t be blamed 

for the global generation of waste, since the average annual waste generation per capita in 

these developing regions only represent 10-20 % of the corresponding waste generation in 

the developed regions of the world (UNEP 2010). When considering the waste generation 

in absolute terms, European countries and the United States stand out as the largest waste 

producers. 

By generalising the global practices in the current waste management, a shift can be seen 

in non-OECD countries as open dumping and open burning of waste is being substituted 

by controlled landfills (UNEP 2010). In OECD countries the concept of controlled 

landfills has been established for a longer period. Some of the OECD countries such as the 

US, Canada, Australia and New Zealand continues to rely on controlled landfills. 

Nevertheless, the number of active landfills in these countries is decreasing. In the US for 

example, it has been roughly estimated that 100 000 landfills were closed until the 90s, 

and that the active municipal solid waste landfills decreased in number by 80 % between 

1988 and 2009 (Sampson 2009).  

The European Union are putting a lot of effort in not relying on controlled landfills 

(UNEP 2010). Several EU directives have been implemented to enhance the waste 

treatment in the member states. With the 1999/31/EC Landfill Directive, the overall 

objective has been to provide operational and technical requirements for landfilling of 

waste in order to prevent and reduce negative effects on both the environment and 

human health during the full landfill life-cycle (EU 1999). The landfills accounted for in 

the directive are the landfills where waste has been deposited after the year of 1995 

(Avfall Sverige 2010). To fulfil this objective, the Landfill Directive includes information 

about e.g. how a landfill should be closed (EU 1999). The directive also includes some 

specific targets for the reduction of certain waste types, such as biodegradable waste. 

Furthermore, the 2008/98/EC Waste Framework Directive supports the European Union’s 

strive for improved waste management by including the waste management hierarchy and 

thereby indicate the viable options to landfilling waste (EU 2008). In general these EU 
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directives have had a positive impact and have been drivers for closing landfills and 

improving waste management (EEA 2009). 

If considering the landfill situation in Sweden, it can be seen that the EU legislation has 

had an impact on the country’s landfilling. Changes in the national waste management 

has resulted in that less than 1 % of the Swedish municipal solid waste is currently put on 

landfill (Frändegård et al. 2013). Even though the current legislation on how to close and 

cap a landfill is strict, the large majority of the four thousand municipal landfills in 

Sweden are old and closed without sufficient pollution prevention and control techniques 

(Frändegård et al. 2013). However, newer landfills which often were initiated in the 60s 

and 70s have in a larger extent adapted the environmental technology for secure closure 

of landfills. Since most of the municipal solid waste is treated in other ways today, most of 

the waste currently being landfilled in Sweden is industrial waste which originates from 

e.g. the mining industry, the pulp and paper industry and the metal industry. The total 

number of active landfills in Sweden today is about 300 (Avfall Sverige 2010). In the 

future it is estimated that roughly 100 Swedish landfills will be closed during the 2010s 

(Avfall Sverige 2012a) and that most of the landfills will be closed by 2030 (Svenska 

Energiaskor 2013). 

2.2.2 AFTER-USES OF A CLOSED LANDFILL 

When a landfill has been capped and closed the polluted piece of land has traditionally 

been considered useless, but nowadays this is not true (Averett 2011; Guzzone n.d.; Public 

Management 2011). For instance, closed landfills can be used to recover energy by 

extracting the landfill gas produced by the biodegradable waste in the landfill (Guzzone 

n.d.). The gas is useful as a fuel since it contains a lot of methane. The production of 

landfill gas in a landfill can be ongoing for as long as a hundred years, but if the gas 

production is being forced the time period is much shorter (Avfall Sverige 2010). In 2008 

commercial extraction of landfill gas was made at 47 active landfills in Sweden. 

An additional application for closed and sanitised landfills is to let sheep and goats to graze 

on the site (Statens geotekniska institut 2012; Hutchens & Harmon 2007). Hutchens & 

Harmon (2007) concluded that it is twice as cheap to use goats as vegetation management 

on a landfill compared to mowing. Grazing will also lead to the benefit of preventing the 

natural occurrence of the grass field to grow trees and other plants which roots might 

penetrate the capping layers of the landfill. 

Another after-use is to dig up the content of the landfill, which is called landfill mining 

(Frändegård et al. 2013). There are two kinds of benefits with this procedure; the 

environmental benefits in eliminating a source of pollution and the commercial benefits 

in recycling valuable materials and gain more usable land. Landfill mining should 
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preferably take place on a landfill when the landfill gas has been captured and the 

leachate does not risk harming the environment (Laevers et al. 2013). 

A relatively new and upcoming after-use of a closed landfill site is to transform it into a 

solar landfill (Averett 2011; Sampson 2009; EPA & NREL 2013). By installing a solar PV 

system on the landfill, renewable electricity can be produced and hence make revenues 

for the landfill site which can make up for sanitation costs and the low real estate value of 

the land (EPA & NREL 2013). Positively is also that the environmentally hazardous 

activity which a landfill is, somehow can be compensated with renewable electricity 

production (EPA & NREL 2013), which has a minimal impact on the environment (Edoff 

2012). The solar landfill concept is mainly established in the US (Averett 2011; Public 

Management 2011; Sampson 2009), where for example the Environmental Protection 

Agency (EPA) has an initiative which encourages solar landfill projects (EPA 2013). As a 

part of this initiative, EPA and the National Renewable Energy Laboratory (NREL) 

cooperates in evaluating the feasibility of developing solar PV systems of closed landfills 

(EPA 2014). Despite the fact that there are not as many solar landfills in Europe, there are 

plenty of landfill sites in Europe, estimated to 300 000 hectares (SufalNet4EU 2012). An 

ongoing EU project called SufalNet4EU have identified suitable applications of after-use 

for 29 closed landfill sites in the member countries, where installation of 11 MWp of solar 

power are proposed.  

2.3 THE ELECTRICITY MARKET 

The global trend of electricity markets have been to decrease the dependence on public 

entities and regulated monopolies, and instead shift the focus toward implementation of 

market mechanisms such as competition and private ownership; this in order to reduce 

the costs and increase the efficiency and quality in the electricity sector (Sioshansi & 

Pfaffenberger 2006). Sweden proved a good example of this when the nation deregulated 

its market in 1996 (Trygg 2006). By doing so, the distribution system operators in Sweden 

lost their electricity trade monopoly and the consumers were now able to choose from 

which supplier they wanted to purchase their electricity. 

In a European perspective, the European Commission has aimed to create increased 

competition in the European electricity industry since the Single European Act was 

established in 1988, which was followed up by the Commission’s publication the Internal 

Energy Market the same year (Bower 2002). A step in the development towards an 

integrated electricity market for Sweden was the establishment of the joint Norwegian-

Swedish electricity market Nord Pool in 1996 (Nord Pool Spot n.d. a). As of today, Nord 

Pool is the largest power market of its kind as it covers the Nordic and the Baltic regions 

as well as the UK and Germany. While the market is owned by the transmission system 
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operators in the member countries (Nord Pool Spot n.d. b), the electricity is traded 

between producers, suppliers, traders and large electricity consumers (Nord Pool Spot n.d. 

c). Furthermore, all trade of electricity in the member countries is not obliged to take 

place on Nord Pool, but the price on this market will directly or indirectly decide the 

price of electricity for the end users (el.se 2014). 

2.3.1 THE SWEDISH ELECTRICITY PRICE 

As mentioned above, the price of electricity in Sweden is based on the spot price set on 

the electricity market Nord Pool. However, in addition to the spot price the total 

electricity price paid by an end consumer also consists of transmission costs and taxes 

(Svensk energi n.d.). As a rule of thumb, the spot price generally makes up for 

approximately 40 % of the total electricity price, which includes the cost for electricity 

certificates and carbon dioxide emissions allowances (these policy instruments are 

described in 6.1.3). The Swedish spot price on Nord Pool in the period 2000-2013 can be 

seen in Figure 4. Furthermore, approximately 20 % of the total cost is paid to the 

distribution system operator which distributes the electricity throughout the grid (Svensk 

energi n.d.). The last 40 % of the cost consists of taxes. The energy tax for electricity in 

2014 is specified by ordinance SFS 2013:859, which states that the tax is 0.293 SEK per 

kWh for power consumers in Sweden2. In addition to the energy tax, a value added tax 

(VAT) of 25 % has to be paid by the end consumer (Svensk energi n.d.). 

 

Figure 4. Nord Pool spot price of electricity in Sweden from 2000 to 2013, the data is the average price for every year. 
Data from (Nord Pool Spot 2014). 

 

                                                 
2 Exceptions: The energy tax is 0.194 SEK per kWh for electricity used in some of the northern 

municipalities in Sweden, and 0.05 SEK per kWh for electricity used in manufacturing processes, 

greenhouse farming and ships (ordinance SFS 2013:859, 2 §). 
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2.4 POLICIES AND ECONOMIC INCENTIVES FOR PV SYSTEMS 

In order to promote renewable energy sources and thereby achieve goals such as emission 

reductions, energy security and economic development; policies have widely been used to 

overcome barriers which hinder the diffusion of renewables in the current energy system 

(GEA 2013). By implementing such policies, a fair playing field can be created on the 

energy market where externalities of fossil fuels and potential benefits from renewables 

are balanced, leading to competitiveness for renewables. The types of renewable policies 

introduced globally vary on a wide range, and policies which GEA (2013) refer to as the 

most commonly used are presented below. In addition, the somewhat less widely used 

policy instrument net metering is presented, since it has had a broad support from 

stakeholders in the PV business recently, both in Sweden (Lindahl 2013) and worldwide 

(IEA 2010). 

2.4.1 TARGETS 

By implementing regulatory policies such as targets for renewables, the actors in the 

renewable energy sector can establish a greater confidence and assess the future 

developments of the sector in a better way (GEA 2013). Such targets also indicate future 

policies and instruments which might support the development of renewables even 

further in the future. However, these targets usually do not set any legal obligation that 

ensures the fulfilling of the target. As of 2010 it was estimated that 96 countries had 

implemented such targets, following a steady increase in the last decades. 

2.4.2 TRADABLE GREEN CERTIFICATES AND RENEWABLE PORTFOLIO STANDARDS 

Quota-driven policies such as tradable green certificate systems and renewable portfolio 

standards feature market-based approaches where quota obligations regarding renewable 

energy must be met (GEA 2013). While renewable portfolio standards have become 

popular in the US, where 31 out of 50 states have implemented such a policy, tradable 

green certificates are used in the Nordic countries, among others (Sener & Fthenakis 

2014). In such a certificate system the trading of green certificates, received by renewable 

electricity producers, stimulates the generation of renewable electricity (GEA 2013; Finon 

2007). The trading of these certificates takes place since a demand of certificates is created 

by an obligation forcing actors such as suppliers, distributors or retailers to obtain a 

certain quota of certificates (Finon 2007). If the actors do not fulfil their quota, a penalty 

has to be paid. By implementing a tradable green certificate system, a pathway to reach a 

fixed long term target of renewable electricity production is set (Finon 2007). While this 

target is fixed, the price of the green certificates will be determined by the market. 

Therefore, investors in renewable electricity will not be able to fully predict the extra 

revenue a facility will generate from certificates due to volatilities on the market. 
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2.4.3 FEED-IN TARIFFS 

A policy instrument similar to tradable green certificates are feed-in tariffs (Finon 2007). 

In contrary to the quota-based instrument of electricity certificates, feed-in tariffs are a 

price-based instrument. In a feed-in tariff system, the electricity consumers are obliged to 

buy electricity from renewable sources to a higher price than electricity from 

conventional sources. This extra income goes to the distributors and suppliers of 

electricity from renewable sources, in order to finance their different service areas. The 

feed-in tariff levels can vary between different technologies in order to not only favour 

the most cost-beneficial one, but instead contribute to a diverse energy mix. The price of 

the feed-in tariff is guaranteed for a long period of time, e.g. 20 years. This provides 

reliability to investments in renewable energy technology. Despite the differences, the 

effects of tradable green certificates and feed-in tariffs are similar if the cost of the 

renewable electricity certainly is known. According to Sener & Fthenakis (2014), 75 

jurisdictions are using feed-in tariffs worldwide, including EU countries, Australia, Brazil, 

Canada, China and California. Especially Italy and Germany have used feed-in tariffs in 

order to boost the use of renewable energy sources in general and solar energy in 

particular. 

2.4.4 INVESTMENT GRANTS AND TAX INCENTIVES 

Investment grants, tax incentives and similar fiscal policies are used in order to even out 

the financial disadvantage which renewables have to conventional energy sources, and 

thus making them competitive (GEA 2013). This is done by either lowering the cost of 

renewable energy or increasing the value of the sold renewable energy. Investment grants 

or other direct capital investment policies were used in more than 50 countries worldwide 

by 2010. They are often given to a certain technology and are commonly in the size of 

30-50 % of the investment. Especially the PV technology has increased in market shares 

by these policies. Investment grants are usually considered when a tax-related policy is 

ineffective or if there is a will to gain small-scale producers. Furthermore, tax incentives 

are frequently used in order to encourage the build-out of renewable energy technology. 

Tax incentives can be either in the form of investment tax credits or production tax 

credits. Since production tax credits are given based on the production, the policy 

promotes installations and technologies which are reliable and constantly improving. 

2.4.5 NET METERING 

An approach to increase the revenue for grid-connected small scale power producers is to 

implement a net metering policy (GEA 2013). With a net metering policy in place, 

producers are allowed to sell excess electricity to utilities, which in turn are obliged to 

purchase electricity. The producer who sells excess electricity will receive credits which 

can be used to net purchased electricity during a given period (Coughlin et al. 2010). 



BACKGROUND 

17 

 

Essentially, the producer’s meter runs backwards when excess electricity is produced. By 

doing so, the sold power is netting the purchased power, and the value of the produced 

electricity is equal to the price of consumed electricity. In 2011, at least 14 countries and 

almost all the states in the US had implemented a net metering policy (GEA 2013). 

As the principle of net metering features netting of purchased and sold electricity, the 

policy is traditionally targeting customers who produce and consume electricity in the 

same tie-in point in the grid. However, the concept of virtual net metering has introduced 

the possibility to share net metering credits among multiple customers within the service 

region of a utility (Coughlin et al. 2010). Just as in traditional net metering, the individuals 

will receive the credits for the sold electricity on their electricity bills. 

2.5 GOTLAND 

Gotland is the largest island of Sweden with its 3 134 km2 (Nationalencyklopedin 2012). 

The number of inhabitants on the island is about 57 000 of which 23 000 lives in the city 

of Visby (Region Gotland 2013a).  

In 1954 the first High Voltage Direct Current (HVDC) cable in the world was built, 

linking Gotland to the Swedish mainland in order for the island to use cheap hydro power 

from the north part of Sweden (Wallerius 2004). In 1970 the 50 kV cable was used at its 

maximum with 30 MW of electricity transmitted from the mainland. This in combination 

with the oil crisis and expansion of the concrete industry on Gotland led to a replacement 

of the existing HVDC cable with two new ones. Those cables are still running today and 

can transmit electricity in both directions. They are 150 kV each and have a joint capacity 

of nearly 300 MW. 

Gotland has good conditions for wind power and in 2013 the island’s 170 wind power 

plants generated electricity which covered 40 % of the local electricity demand (SR 

Gotland 2014). Additionally, Gotland was self-sufficient of electricity from wind power 

for 23 days in 2013. Several of the wind power plants are owned by wind power 

communities (Wizelius 2012).  

As for wind power Gotland also has good conditions for solar power, but this technology 

is not at all used to the same extent (Region Gotland 2012). The good conditions come 

from the fact that Gotland’s coast is the part of Sweden which has the highest incoming 

solar irradiation, with an annual global horizontal irradiance of 1100 kWh per m2 (SMHI 

2009). This irradiation is the same as for the main part of Germany (Solargis 2011), which 

has the most installed PV capacity in the world (EPIA 2013). It is also proven that solar 

power in combination with wind power can more easily penetrate the electricity grid 

than either of the technologies alone (Solomon et al. 2010; Widén 2011). The advantages 
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of combined wind and solar electricity production has also been noticed by the local grid 

owner, Gotland Energi AB (GEAB) (Sundgren 2014), which provides further motives for 

an increased solar electricity production on Gotland. Additionally, ambitious energy and 

climate targets have been set for Gotland. A vision is to be climate neutral by 2025 which 

is as part of an eco-municipality initiative (Region Gotland 2014a). Furthermore, an aim is 

that solar PV will contribute to 20 GWh of the local energy supply by 2020, compared to 

0.5 GWh by 2010 (Region Gotland 2012). This can be compared with Gotland’s annual 

electricity consumption, which in 2012 was 873 GWh (Regionförbundet Sörmland 2014). 

The ongoing project Smart Grid Gotland is also a driver to implement more solar PV. In 

the project several large actors, including GEAB, aim to develop the regional grid to one of 

the smartest and most modern grids in the world (Smart Grid Gotland n.d.). An overall 

goal for the project is to demonstrate technical solutions which provide high quality of 

power supply with a significant share of distributed power generation, such as solar PV. 

Furthermore, GEAB has in recent years become more restrictive to connect electricity 

production facilities to the grid because of the lack of transmission capacity from Gotland 

to the mainland (T. Johansson 2014). This capacity though will be extended in the near 

future since a third electricity transmission cable connecting Gotland with the mainland is 

projected, which has a capacity of 500 MW and should be in operation in 2018 (Svenska 

Kraftnät 2013). 

Gotland has about 50 documented landfills where most of them were not in operation 

after the year of 2000 (Region Gotland 2013b). Nowadays some of them are used for 

applications such as recycle centrals or soccer fields, but main part of the landfills are just 

empty grass fields; some overgrown with trees. Several of these landfills are suitable for 

installation of solar PV systems. 

In particular, Visby landfill suits well for a solar PV installation because of the site’s large, 

flat and unshaded spaces. Visby landfill is owned by the municipality company Region 

Gotland and was in operation from 1950 until 1999, when closure of the landfill was 

initiated (Region Gotland 2013b). As of today, the closure is still ongoing and the plan is 

to get the entire landfill site capped by 2017 (Ax 2014). The waste landfilled on the site is 

municipal waste, industrial waste, construction waste and sludge from both waste water 

treatment plants and automotive care facilities (Region Gotland 2013b). The total amount 

of waste is estimated to 700 000 m3 (Region Gotland n.d.). Furthermore, GEAB is 

extracting landfill gas at the site (Persson 2014). The gas is used for incineration to 

contribute to the local district heating system. 
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The location of the landfill is seen in Figure 5, where the landfill is marked with a red 

circle. It is located in the eastern part of Visby, 2 km south of Visby airport and less than 

1 km east of an industry area. 

 

Figure 5. An aerial photo of Visby. Visby landfill site is marked with the circle. ©Lantmäteriet [i2012/898]. 
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3 THEORY 
In this chapter, the theory of the investment calculation methods used in this study are 

presented. 

3.1 PAYBACK TIME 

The simplest method for investment calculations is the payback method (Andersson 

2013). The idea of this method is to assess the investment decision by calculating the time 

it will take for the investment to be paid back, i.e. the payback time. If both the initial 

investment cost and the constant annual net cash flow which the investment will 

generate are known, the payback time in years is simply calculated by dividing the 

investment cost by the annual net cash flow. If the annual net cash flow is not constant 

over the payback period the payback time can be calculated by summing the annual cash 

flows, starting with the cash flow of the first year and then adding the cash flow of the 

second year, third year, fourth year etc. Consequently, the payback time has been reached 

as the sum of annual cash flows is equal to, or greater than, the initial investment. When 

comparing different investment opportunities, the investment with the shortest payback 

time is the most favourable. 

3.2 NET PRESENT VALUE 

In order to also take the change of money’s value over time into account and to make 

future cash flows comparable with the initial investment, the net present value method 

can be used (Andersson 2013). By applying this method, the value of future cash flows is 

calculated as a present value for the point in time when the investment is made. The value 

of the future cash flows by the time of the investment depends on the discount rate, i.e. 

the rate of return required by the investor. If an investment gives a positive net present 

value, the investment will have a higher return than the required rate of return. In a 

comparison between several investments, the investment with the highest positive net 

present value is the favourable choice according to the net present value method. 

Comparisons of investments with varying investment sizes can be misleading if only the 

net present value is considered (Andersson 2013). To improve the comparability, the net 

present value ratio can be used instead. This is calculated by dividing the net present value 

by the investment cost. In a decision making situation, the investment with the highest 

net present value ratio is preferable. 

3.3 INTERNAL RATE OF RETURN 

The internal rate of return is defined as the discount rate which equates the investment 

cost with the net present value of the future annual cash flows (Sarnat & Levy 1969). This 
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means that the internal rate of return is the rate of return which an investment can offer 

(Andersson 2013). If the internal rate of return for an investment is higher than the 

investor’s required rate of return, the investment fulfils the investors required return. In a 

comparison of several investment opportunities, the investment with the highest internal 

rate of return is favourable. 
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4 METHODOLOGY 
To fulfil the aim of this study and to answer the research questions, the methodology 

presented in this chapter was used. Useful data was collected through a literature research 

and through interviews. Furthermore, a feasibility assessment of a solar landfill project on 

Visby landfill was performed. The feasibility assessment includes simulations of the PV 

system’s performance and economic feasibility for several PV system configurations. 

Finally, an up-scaling of the feasibility assessment on the regional level of Gotland was 

done. 

4.1 DATA COLLECTION 

The methodology used for the literature research and interviews is described below. 

4.1.1 LITERATURE RESEARCH 

To find relevant literature in this study, mainly the database Scopus was used. Scopus is 

the largest database with abstracts and citations from peer-reviewed literature, featuring 

research from the fields of humanities, social sciences, technology and medicine (Elsevier 

2013). The type of source which preferably was used in the research was reports from 

authorities and well-known organisations. The Swedish energy agency Energimyndig-

heten, the Swedish energy markets inspectorate Energimarknadsinspektionen and the 

National Renewable Energy Laboratory (NREL) are examples of such authorities, while 

the Swedish waste and recycle industry association Avfall Sverige, the Swedish energy 

industry association Svensk Energi and the European Photovoltaic Industry Association 

(EPIA) are examples of such organisations. In addition, official documents such as Swedish 

laws, ordinances and government official reports, and EU directives and regulations, were 

used as primary sources. Furthermore, since the concept of solar landfills is relatively new 

and therefore not documented thoroughly in journal articles and other scientific 

publications, sources such as web pages, magazines and newspaper articles were also used 

in order to gather information from existing and planned solar landfill projects. 

4.1.2 INTERVIEWS 

Interviews were used in a large extent in order to collect information which was not to be 

found in the literature. The interviews were done via e-mail, telephone and in physical 

meetings. The interviews’ characteristics were generally a mix of what Sveningsson et al. 

(2011) describe as structured and semi-structured interviews. A structured interview can 

be compared with a survey with explicit questions. In contrary, an unstructured interview 

can be seen more as a regular conversation, in as great extent as possible. The advantage 

with the latter kind of interview is the fact that the interviews get more flexible and can 

be suited to the interviewee. A semi-structured interview is a mix of the previous two. In 
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such an interview certain topics are prepared but without explicit questions. The 

conversation can be rather freely and the interviewee is allowed to talk around the topics. 

The questions to the interviewee were prepared on beforehand. During the interview, 

more questions could also arise and be discussed although they were not thought of before 

the interview started. Generally, notes were taken during the interview and a compilation 

was usually conducted afterwards. Examples of interviewees which contributed with 

useful information to this study were personnel from solar landfill project developers, PV 

project developers, PV system contractors, grid operators, electricity suppliers, authorities, 

municipalities, city planning offices and landfill operators. 

4.1.3 REFERENCE PROJECTS 

During the literature research and interviews, a number of solar landfill projects were 

identified both globally and nationally. These reference projects were used to gain 

knowledge of how the solar landfill concept has been practiced. Since the concept of solar 

landfills is mostly established in Europe and the US, the reference projects used in this 

study were found in these parts of the world. In addition, Europe and the EU in particular 

are interesting to analyse from a Swedish perspective because of the many collaborations 

and common legislations among the member states. In Table 2, a selection of the 

identified solar landfill projects is presented. In addition to these solar landfill projects, 

two additional Swedish PV projects were also used as reference projects; namely a ground 

mounted PV system in Simrishamn and a project in Sala and Heby including a number of 

PV installations. While these two projects did not contribute to the knowledge about the 

specific conditions for solar landfills, the data provided helpful insight into the conditions 

which apply for PV systems in a Swedish setting. 

Table 2. Identified solar landfill projects which provided useful information to the study and were found 
through literature research and interviews. 

Name Location Built 

Fort Carson Colorado, USA 2008 

Hickory Ridge landfill Georgia, USA 2011 

Nellis Air Force Base Las Vegas, USA 2006 

Malagrotta landfill Malagrotta, Italy 2008 

Offenbach landfill Offenbach, Germany 2013 

Taunusstein landfill Taunusstein, Germany 2009 

Filbornatippen Helsingborg, Sweden Planned 

Skedala landfill Halmstad, Sweden Planned 
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4.2 FEASIBILITY ASSESSMENT 

A feasibility assessment of a solar landfill project was performed in order to complement 

the data collection from literature and interviews. Especially information regarding a solar 

landfill project’s economic feasibility was seen necessary to extract from a feasibility 

assessment, since the lack of existing solar landfill projects in Sweden hinders the 

possibility to gather such information from previously conducted studies. The feasibility 

assessment was also seen as a way to enable a reality check of the data compiled in the 

data collection, thereby further strengthening the credibility of this study. In the process 

of finding a suitable landfill to conduct a solar landfill feasibility assessment on, several 

options were considered and meetings were held with a number of landfill operators. The 

choice of conducting the assessment at a landfill located on Gotland was motivated by the 

high solar irradiation on Gotland, which provides advantageous conditions for the 

economic feasibility of a solar landfill project. Additionally, the genuine interest the 

landfill operating unit on Region Gotland responded with as the idea was proposed also 

motivated this choice. Furthermore, the specific site of Visby landfill was chosen as its 

large, flat and unshaded areas provide excellent conditions for a PV installation.  

The methodology for the feasibility assessment was inspired by the methodology 

presented by EPA & NREL (2013), which has been applied on several feasibility 

assessments of potential solar landfill sites in the US (Olis et al. 2013; Steen et al. 2013; 

Stoltenberg et al. 2013; Salasovich & Mosey 2011). Initially data regarding the landfill’s 

characteristics was collected by visiting Visby landfill, interviewing personnel involved in 

the operation of the landfill, and by examining the documentation of the landfill provided 

by Region Gotland. Aerial photos from Lantmäteriet were used as a tool to determine the 

size of the suitable area for a PV installation on the landfill. Legal aspects concerning a PV 

installation on Visby landfill were investigated by gathering information from the visit at 

the landfill site, and by interviewing Region Gotland’s responsible for building permit 

considerations and other authorities which required to be informed about such a project. 

Swedish contractors of solar PV systems were contacted in order to further evaluate the 

technical and economic feasibility of the project. In addition, interviews were held with 

GEAB, the local utility company which serves as grid operator and electricity supplier on 

Gotland.  

4.2.1 FEASIBILITY ASSESSMENT SCENARIOS 

In order to analyse the economic feasibility of a PV installation on Visby landfill, various 

simulation scenarios of suitable PV systems were considered. A number of Swedish 

contractors were offered to submit a suggestion of a PV system installation, including 

choice of components and price information, which could fulfil the required 

specifications. The selected contractors were chosen as they offered a variety of PV 
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technologies and mounting systems and also since a personal contact with them was 

already established, which facilitated the communication and their willingness to provide 

information to the feasibility assessment.  Four contractors submitted a suggestion, and 

each of these suggestions was used as a scenario in the feasibility assessment. 

4.2.2 PV SYSTEM SIMULATIONS 

In order to determine the PV system’s performance and electricity production in each 

scenario, the simulation program PVsyst was used. PVsyst is a software package where 

whole PV systems can be analysed, and the software is designed to be used by architects, 

engineers and researchers (PVsyst 2012). By providing and analysing data such as site 

location, area, weather conditions, orientation, PV module type, inverter and much more, 

the software can among other things calculate the annual electricity production and the 

performance ratio of a PV system (PVsyst n.d.). 

The climate data for the simulations, including the global horizontal irradiance and air 

temperature, was imported from the Photovoltaic Geographical Information System 

driven by the Institute for Energy and Transport of the European Commission (PVGIS 

n.d.). By using the interactive map in this geographical information system, the specific 

climate data for the coordinates of Visby landfill was selected. 

As the guiding principle for this study was to design a system to be as economically 

feasible as possible, the aim was to design a PV system with a high performance ratio 

which also could benefit from the economies of scale. In order to do so, the total landfill 

area suited for a PV system was utilised for the simulations. Regarding the choice of 

orientation for a fixed tilt system, PVsyst was used to optimise the direction (azimuth) and 

tilt angle for the PV arrays. PVsyst was set to optimise the tilt angle with respect to the 

highest possible yearly irradiation yield. Regarding the choice of distance between the PV 

arrays in each sub-system, a series of test simulations were conducted in order to 

determine a suitable distance. By simulating a fixed tilt PV system in several scenarios 

where the distance between the arrays was varied, the distance’s impact on the system 

performance was analysed. Subsequently, a distance which provided both a high 

performance ratio (due to low shading losses) and a high installation capacity was chosen.  

4.2.3 ECONOMIC FEASIBILITY 

In order to provide useful support for decision making regarding investments of solar 

landfills, the feasibility assessment includes an economic feasibility of a PV installation at 

Visby landfill. The methods used in the economic feasibility assessment were the payback 

method and internal rate of return method. While the net present value method and the 

net present value ratio method also were considered to be included in the assessment, 

these were excluded since they require knowledge about the investor’s required rate of 
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return. In order for the feasibility assessment to provide decision support to an investor 

regardless of the investor’s required rate of return, these methods were found 

inappropriate to use. Furthermore, Excel and its built-in functions were used as tools in 

the calculations of the payback time and the internal rate of return. 

4.3 UP-SCALING OF FEASIBILITY ASSESSMENT 

By up-scaling the feasibility assessment to a regional level, i.e. assuming that PV systems 

are installed on all suitable landfills on Gotland, the potential of a wide implementation of 

the solar landfill concept was examined. While a national feasibility assessment would 

have been interesting as well, a national level was seen as too large since the data 

regarding all Swedish landfills was deemed too extensive and too hard to compile. 

Additionally, differences in terms of incoming solar irradiation and other factors would 

make an up-scaling to a national level even more complex. A regional level though, was 

seen as a sufficient area to analyse, especially in the case of Gotland. The island offered a 

clear system boundary, and the fact that Region Gotland influences the landfill 

management on the whole island makes such an analysis interesting from Region 

Gotland’s point of view. 

The up-scaling on Gotland was conducted on a number of landfills considered as suitable 

to install PV systems on. Data regarding all landfills with large open spaces was initially 

provided by Region Gotland. From this data eight suitable landfills were selected for the 

study based on kinds of waste fractions, age of the landfill and which activity that is 

ongoing at the site. The electricity production per area from the simulation results of 

Visby landfill was used in an up-scaling process to determine the total potential electricity 

production on the total area of the selected landfill sites. The potential electricity 

production in the up-scaled assessment was also analysed by putting it in the context of 

the islands total electricity consumption and the regional energy and climate targets.  

4.4 METHODOLOGY CRITICISM 

In the literature research, articles from magazines and newspapers were used to collect 

information about existing solar landfill projects. These kinds of articles can be 

subjectively written, but were seen as necessary for this study since the solar landfill 

concept is rather new and therefore it is a lack of scientific articles in the area. The fact 

that solar landfills is a new concept, and sometimes named differently, complicated the 

search of information about the subject. Although, the gathered information was deemed 

to be sufficient in order to grasp the subject and thereby facilitating the implementation of 

the feasibility assessment. 

In the interviews the choice of interviewees can be questioned. For example, regarding 

personnel interviewed from solar landfill projects, their profession was often a project 
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leader or some kind of coordinator. It is possible that other opinions would have been 

found if other personnel related to the projects had been interviewed. Although, this was 

done since it was seen as time efficient while still getting all the information needed. A 

drawback with the used characteristic of the interviews is that in semi-structured and 

unstructured interviews it can be hard to compile gathered material. This is not a big issue 

for this study though, since the information got through the interviews is not compared 

with each other to a great extent. Furthermore, the lack of objectivity can be questioned 

both of the interviewees and of the contractors. The interviewees involved in a solar 

landfill project might want to hide flaws in the project and contractors of solar PV 

installations want to give a price as cheap as possible, which can result in an 

underestimated price. When asked about the prices, the contractors also did rough 

estimations since it is not an offer they are handing out, only price examples. The choice 

of contractors can also be questioned; it is not certain that the PV systems they sell are the 

most cost efficient ones on the market. Nevertheless, the results of the feasibility 

assessment give the reader an indication of the performance and cost of a PV system on 

Visby landfill. The few contractors were as mentioned chosen since a personal contact 

with them was already established. An option was to contact several more contractors, but 

the response from them in such a case was not expected to be high. 

Regarding the simulation program, a drawback with PVsyst is the lack of a clear and 

comprehensive economic evaluation. This problem was solved by doing economic 

feasibility calculations in Excel, where the methods payback and internal rate of return 

were used. While the payback method is a popular and easy tool for initially assessing an 

investment, a critical drawback with the method is that it ignores the fact that money 

change value over time (Andersson 2013). To take this fact into consideration, calculations 

of the internal rate of return was used in addition to the payback method. Due to each of 

the methods’ advantages and drawbacks, Schmidt (2013) states they should both be taken 

into account in an investment decision, but it should also be remembered that none of the 

methods alone succeeds in presenting the whole picture. 
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5 PERMITS FOR ESTABLISHING A SOLAR LANDFILL 
Regarding different permits needed for establishing a solar landfill, building permission 

for a ground mounted solar PV system and permits linked to the fact that a landfill often 

is classified as an environmentally hazardous activity are investigated. 

Law SFS 2010:900 states that whether a building permit is needed for a certain kind of 

facility is decided by each municipality3. The same law also states that the building permit 

trial is performed by the Building Committee4. Different decisions have been made by 

different municipalities regarding whether a ground mounted solar PV installation needs 

a permit or not, and the fact that it will be built on a landfill does not seem to affect the 

decision. To mention some municipalities’ opinions, a building permit for a ground 

mounted solar PV installation is normally not required in Simrishamn (Andersson 2014) 

or at Gotland (Westberg 2014), but on the other hand, it is most likely needed in Umeå 

(Ljung 2014), Gothenburg (Jacobson 2014) and Stockholm (Andersson Ståhl 2014).  

An application for a building permit should, according to law SFS 2010:9005, consist of 

drawings, descriptions and other relevant information for the trial. The Building 

Committee should handle the application promptly and a decision should be handed out 

in ten weeks6. If necessary, those ten weeks can be extended with another ten weeks. 

When a building permit is approved, the project should start in two years and end in five 

years7. Furthermore, the Building Committee should inform the applier for the building 

permit if permission or an application is needed at further committees8. If such committee 

is the Swedish Environmental Code, the Building Committee should inform the 

Environmental Committee9.  

Landström (2014), employee at the Environmental Administration of Gothenburg, says 

that the impact of a solar PV system on a landfill must be clearly presented when handing 

in a building permit for a planned solar landfill project in Gothenburg. This can include a 

description of the depth and the magnitude of the digging in the landfill needed for cables 

and mounting system. It is also of importance to know what kind of work that will be 

done in order to install the solar PV system and also how the capping of the landfill is 

designed. The planned PV system cannot risk causing dispersion of contaminants from the 

                                                 
3 Chapter 1, 2 §. 
4 Chapter 9, 20 §. 
5 Chapter 9, 21 §. 
6 SFS 2010:900, Chapter 9, 27 §. 
7 SFS 2010:900, Chapter 9, 43 §. 
8 SFS 2010:900, Chapter 9, 23 §. 
9 SFS 2010:900, Chapter 9, 24 §. 
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landfill or any leakage of landfill gas. The PV system is also not allowed to prevent or 

hinder for any kind of post-treatment processes of the landfill in the future.  

According to ordinance SFS 2013:251 an environmentally hazardous activity can be 

classified as an A, B or C activity. The decision of permitting an A activity will be trialled 

by the Land and Environment Court and a B activity will be trialled by the County 

Administrative Board10. A C activity doesn’t need permission, only a notification needs to 

be handed in11. The notification for a C activity should be sent in to the municipal 

supervising authority, which is a municipal committee decided by the municipal 

Council12. According to ordinance SFS 2013:251, a landfill is normally classified as an A or 

B activity13. A closed landfill though, is classified as a C activity if the closing is approved 

by the supervising authority14. A change of an environmentally hazardous activity needs a 

new permit or a notification if the new activity can be seen as an environmentally 

hazardous activity by itself or if the change can harm the human health or the 

environment15. A ground mounted solar PV system though is not seen as a change which 

needs a new permit or notification (Lindvall 2014). 

                                                 
10 Ordinance SFS 2013:251, Chapter 1, 6 §. 
11 Ordinance SFS 2013:251, Chapter 1, 10 §. 
12 Ordinance SFS 2011:13, Chapter 1, 3 §. 
13 Chapter 29, 35-40 §§. 
14 Ordinance 2001:512, 32 §. 
15 Ordinance SFS 2013:251, Chapter 1; 4, 11§§. 
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6 TECHNICAL ASPECTS OF SOLAR LANDFILLS 
When installing a solar PV system on a closed landfill, there are various technical aspects 

which need to be taken into consideration. It is of importance to see the PV system and 

the landfill as an integrated system, not treating them separately (EPA & NREL 2013). In 

this chapter the technical aspects regarding settling, the landfill cap, preparation of site, 

grid connection, land availability, and PV system components are presented. 

6.1 LANDFILL SETTLEMENTS 

Due to the waste decomposition which occurs in landfills, gas generation and changes of 

gas and liquid pressures can affect the porosity and cause deformations of the landfill 

(Durmusoglu et al. 2005). These deformations are referred to as settlements or settling. In 

the planning of a solar landfill project, these settlements should be considered as they 

have the potential of causing damages to PV system components, disrupt the position of 

the array and create crack formations in the landfill cover (Averett 2011). In particular, 

sloped landfills are likely to be instable due to settlements (Tansel et al. 2013). The 

settlement process can be described in three stages, as explained by Durmusoglu et al 

(2005). The first stage refers to the immediate compression occurring as a result of self-

weight and eventual external loads on the waste. Such settlement might be triggered by 

the placing of heavy mounting components (Sampson 2009). The second stage of 

settlement, also called the primary compression, happens due to the dissipation of gas and 

water in the landfill and it usually takes place within the first few months. Finally the 

third stage, referred to as the secondary compression, is caused by slippages, delayed 

compressions and reorientation of particles in the landfill which can occur over many 

years after the waste was placed in the landfill. The third stage accounts for the major part 

of the total settling and therefore this is the stage which should be considered in the long 

term when planning a solar landfill. 

In order to determine if a landfill is suitable as a solar landfill site or not, the two critical 

settlement parameters which ought to be considered would be the degree of settling and 

the time frame in which the settling occurs. Since the composition of a landfill determines 

these parameters and since the waste composition can vary between landfills, these 

parameters are likely to differ between different sites. Though generally speaking, Averett 

(2011) states that the majority of settling will occur in the first 10 years. Therefore Averett 

suggests that a PV system should not be installed on a landfill during this period since it 

might lead to increased maintenance costs in order to maintain the PV system in optimal 

operation. Regarding the degree of settling, this parameter depends on the depth of waste, 

type of waste, placement of waste, and age of the landfill (Sampson 2009). Since such 

information might be lacking, especially for old and unregulated landfills, predictions of 
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the degree of settlement can be difficult to do. Nevertheless, the specific landfill site 

should be analysed before a solar landfill project is initiated to determine the damage risks 

properly (Durmusoglu et al. 2005).  

In order to reduce the potential settlement several measures can be implemented 

(Sampson 2009). To start with, a good choice of landfill site should be made. Preferably, 

the landfill site should be old so it can be assured that most of the settling has already 

taken place. Additionally, landfills with wastes such as construction debris are preferable 

in comparison to landfills containing biodegradable wastes. When a landfill site has been 

chosen a possible measurement to decrease settlement is dynamic compaction, which 

consists of repeatedly raising and dropping a heavy tamper from heights of 10-30 meters 

with a cable to impact the ground (Lukas 1995). By applying dynamic compaction on 

municipal solid waste landfills, increased material density and decreased settlement have 

been shown (Sampson 2009). Before closure of the landfill, Sampson also suggests that 

selective removal of waste which in particular generates settlement can be done. When 

the landfill has been closed, additional measures such as geogrid reinforcements and 

flexible mounting systems are possible solutions to potential settling problems. 

The Swedish Environmental Code (Swedish: Miljöbalken) requires that measurements 

should be undertaken to have an overview of settlements in a landfill both before and 

after the closing (Avfall Sverige 2012b). This is mainly due to the fact that the settlements 

can damage the landfill cap. After closing the landfill the site has to be treated, both in 

order to control the settling and to reduce negative impacts from the landfill on the 

environment, until it can be stated that it is no longer necessary (Avfall Sverige 2012a). 

This usually takes about 30 years. 

6.2 LANDFILL CAP 

When a landfill is closed it should be capped with materials which reduce the generation 

of leachate pouring out into the environment and to prevent the leakage of landfill gas 

(Avfall Sverige 2012a). The materials in the cap should be persistent during a long period 

of time, and therefore Avfall Sverige (2012a) claims that natural materials or bentonite 

mixtures are preferable. However, Avfall Sverige (2012a) also states that synthetic 

materials are used in landfill cappings and are approved by authorities. For example 

geomembranes are used as a linear barrier in the cap (Sampson 2009; Environment 

Agency 2009). A geomembrane consists of flexible polymeric sheets which are easy to fit 

on a landfill (Environment Agency 2009). They are also used for other various civil 

engineering applications as a barrier for moisture and gas flow. The geomembrane can be 

used either as the top layer, where thin film cells can be placed directly on top of it, or 

covered with supportive soil layers (Sampson 2009). The current conditions of the specific 
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landfill decide whether the top supportive soil layers are necessary or not. A 

geomembrane used directly as a top layer with integrated thin film cells is a new 

technology which only is available through a few manufacturers on the market (EPA & 

NREL 2013). This solar landfill solution can for example be seen at Hickory Ridge landfill 

in Georgia, USA, where several advantages with this capping method has been seen (HDR 

n.d.). These advantages are for example that there is no need for mowing and soil 

replacements and the fact that no rainwater penetrates the geomembrane, which makes it 

easy to take care of this water since there is no need for sedimentation and cleaning. The 

Malagrotta landfill in Italy also uses the same capping method, except for the fact that the 

geomembrane is attached on a foundation consisting of a thin concrete layer, separated by 

wooden beam splices (Bachiri & Bodenhagen 2010). This foundation was built to avoid 

breakage of the concrete in case of settling. Advantageous for the PV system at Malagrotta 

landfill identified by Bachiri & Bodenhagen (2010) is that this kind of fixation model 

prevents theft of the PV modules. Additionally, compared to conventional solar systems, 

placing solar cells directly on top of the geomembrane generally eliminates the need for a 

costly substructure (Bachiri & Bodenhagen 2010) and the flexibility of the geomembrane 

also makes it resistant to settling (EPA & NREL 2013). 

In order for the mounting system to not penetrate the geomembrane or other material 

used as a linear barrier in the cap, the possibility to anchor the system to the ground is 

limited (Stoltenberg et al. 2013). Therefore a ballasted mounting system with for example 

concrete footers which avoid penetration can be preferred. For example, at the solar 

landfill Fort Carson in Colorado, USA, the PV modules are placed on ballasted concrete 

footers (EPA 2009). This is due to the thin capping layer which consists of 0.6 m of soil, 

which was considered thick enough since the landfill only contains construction debris. 

In Sweden on the other hand, the recommended depth of the capping above the linear 

barrier is 1.5 m (Avfall Sverige 2012a). On the solar landfill at Nellis Air Force Base in 

Nevada, USA, ballasted concrete footers are also used since cap disturbance is undesirable 

(Steen et al. 2013). Here the electrical conduits are also placed above ground. 

6.3 PREPARATION OF THE LANDFILL SITE 

If the landfill site is not optimal for a solar PV installation there is a possibility to clear and 

grade the site (Sampson 2009). Such activities must be done with great cautious since it 

should not harm the capping system. According to Avfall Sverige (2012a) the inclination 

of the landfill site should normally be at least 1:20 and at most 1:3, which must be taken 

into account when preparing the site for a PV installation. Furthermore, the possibilities 

for utility trenching and recovering of landfill gas should be thought of in the site 

preparations. Slopes at the landfill site can increase operation and maintenance costs since 

side slopes need reparation over time. In order to minimise these problems, the site can be 
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prepared with additional top soil to decrease the gradient of the slope. On the other hand, 

if installing the PV cells directly on the ground, as in the geomembrane solution, the 

optimal slope for maximum power output can be quite steep. Therefore, the choice of 

mounting system is important to consider before the site preparation begins. 

6.4 GRID CONNECTION 

To connect a solar PV system to the grid could be enhanced by the fact that it is installed 

on a landfill site (EPA & NREL 2013). This is because it is common that landfill sites are 

located near areas with a high electricity demand, which also come with the proximity to 

infrastructure for electricity transmission and distribution. 

Since large-scale ground mounted PV systems are not common in Sweden, there are no 

specific procedure used when connecting them to the grid (Åman 2014). For example in 

the case of the solar PV installation in Simrishamn, the PV system had to be connected to 

the grid with the same procedures as for wind power plants, which included installation 

of an expensive relay protection, completely unnecessary according to Åman. 

Furthermore in the Simrishamn project, the PV system could not use the same 

transformer as the nearby wind power plant. This had initially been a driver to put the PV 

system at that specific location in order to save money. This was also blamed on the lack 

of knowledge of grid connecting large-scale PV systems. 

Unlike the Simrishamn project, a solar PV system at Gotland has successfully been 

connected to a wind power plant’s transformer (Britse 2014). The ground mounted solar 

PV systems in Sala and Heby could also connect to existing transformers, though they 

were not associated with wind power plants (Mårtensson 2014). In both of these cases the 

driver was as for the Simrishamn project to decrease the cost of the solar PV installations 

(Britse 2014; Mårtensson 2014). 

6.5 LAND AVAILABILITY 

Advantageous for landfills as sites for solar PV installations is the fact that the piece of 

land is already accessible because of important infrastructure in place as for example roads 

and, as previously stated, facilities for electricity distribution and transmission (EPA & 

NREL 2013). Furthermore, disadvantageous with a landfill site, which could reduce the 

amount of land available for a solar PV installation, is the common extraction of landfill 

gas. Due to the fact that landfill gas is explosive, great cautious should be taken when 

locating the PV system on the landfill site since the PV system could form an explosive 

hazard if placed too near to the landfill gas facility. Another disadvantage with installing a 

solar PV system on a landfill site is the fact that the land can act corrosive to materials put 

on top because of the varied biochemical internal environment of the landfill (Heyer 

2010). 
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For conventional PV systems, the land which they are placed upon should preferably have 

a flat or slightly south-facing slope in order to simplify the design of the PV system, 

especially of the mounting system, and still get maximum irradiance from the sun (EPA & 

NREL 2013). It is also of importance to consider the surroundings where buildings, trees 

or other objects can shade the landfill site. Furthermore, in order to reduce the length of 

electrical wirings the area for the PV installation should consist of a contiguous piece of 

land. 

Availability of land has been seen as a minor concern regarding solar landfill projects 

since the competition regarding closed landfill sites is low (EPA & NREL 2013). An 

example of this is at the planned solar landfill project in Helsingborg, Sweden (Fälth 

2014). Here the landfill owner NSR, the north-west of Skåne’s Sanitation Corporation, are 

planning to lease out the land for a low cost since the landfill site will appear as more 

attractive because of the production of renewable electricity. 

6.6 PV SYSTEM COMPONENTS 

Establishing a solar landfill site requires PV system components which fit into the certain 

conditions that come with a closed landfill. Starting with the kind of PV cell technology, 

modules of crystalline cells and thin film cells can be compared. What can be said about 

the weight difference is that amorphous thin film modules are lighter than crystalline 

modules, which can be advantageous if the bearing capacity of the landfill is a concern 

(Sampson 2009). In the solar PV project at Malagrotta landfill further advantages with 

amorphous thin film cells in solar landfill applications were noticed (Bachiri & 

Bodenhagen 2010). The main reason which proved flexible amorphous thin film 

favourable in the Malagrotta project were the fact that crystalline PV modules are fragile 

and could brake due to settling in the landfill and if this was to be prevented the 

substructure needed to withstand the settling would be too expensive. Furthermore, since 

thin film cells are less affected by high temperatures than crystalline silicon cells they 

suited well for this application due to the hot climate and the ventilation and cooling 

limitations. Bachiri & Bodenhagen (2010) also see amorphous thin film cells as preferable 

when the landfill has a relatively steep slope since the substructures for ground mounted 

PV systems with crystalline silicon cells usually needs a site which is almost flat. 

However, Sampson (2009) states that the lower efficiency of thin film cells can make 

crystalline the preferred option, for example if the area is a limiting factor. 

As mentioned earlier, the mounting system often needs to be adopted to not penetrate the 

cap, and not be too heavy because of the limited bearing capacity of the landfill. The 

latter, in combination with the sensitivity of the mechanical drive components in tracking 

systems, make such systems improper to use in a solar landfill context (Sampson 2009). 
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Another disadvantage with tracking systems is the fact that they are usually not 

compatible with ballasted mounting systems which is the most commonly used in a solar 

landfill context (EPA & NREL 2013). Considering fixed tilt systems, they are compatible 

with ballasted mounting systems and it is also proven that the PV system’s electricity 

output is not affected by minor settling. Advantages with the ballasted systems are the fact 

that they give the PV system good structural support without penetrating the cap, in 

opposite to driven pile foundations which normally are used for conventional PV systems. 

Concrete footers which are common as ballasted mounting systems can also be used when 

some ground penetration is allowed, thus being more stable since the foundations are 

anchored to the ground. A disadvantage with concrete footers though is that some 

constructions are prone to cracking due to settling. Sometimes the site conditions at a 

landfill can be problematic for both concrete footers and driven pile foundations. This was 

witnessed at Offenbach landfill in Germany, where neither of the systems could be used 

because of the steep slope and the restrictions of avoiding too deep ground penetration 

(Chan 2013). Instead a construction of shallowly grounded steel beams was used which 

was grabbed by the solar modules.  

As previously presented, the characteristics of a landfill site impact the choices of PV 

system components and the other way around; requests or requirements of PV system 

components impacts the choice of landfill site or the amount of site preparation needed. 

In Table 3 the interaction between the landfill site and the PV system components are 

summarised, based on the facts previously presented in this chapter. 
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Table 3. The interaction between the PV system components and the landfill site’s characteristics in a solar landfill context. 

Landfill 
PV system       site 
 components 

 

Capping 

 

Settling 

 

Preparation of site 

 

Others 

Solar cell     

Thin film  Enables integrated mounting 

with geomembrane 

Enables mounting on landfills with 

limited bearing capacity 

Small risk of breakage if flexible thin 

films are used  

Enables mounting on both flat and 

sloping ground 

Performs good in hot climate 

 

Crystalline silicon  Risk of stimulating settling due to weight 

Risk of breakage 

Expensive substructure if the cells should 

be protected to withstand settling 

Preferably mounted on flat ground Enables more electricity 

production in case of area 

limitation 

 

Mounting system     

Concrete footers Enables mounting without 

penetrating ground 

Risk of stimulating settling due to weight 

Risk of breakage 

Preferably mounted on flat ground  

Driven pile 

foundation 

Enables mounting with 

penetration of ground 

 

 Preferably mounted on flat ground 

Requires sufficient depth of top soil 

layer 

Risk for corrosion 

Geomembrane Works as both mounting system 

and final capping layer  

Enables mounting on landfills with 

limited bearing capacity 

Insensitive to settling due to flexibility

  

Preferably mounted on slope facing 

south 

Eliminates need for mowing and 

soil replacements 

Reduces leachate 

Prevents theft 

Tracking system     

Tracking  Risk of stimulating settling due to weight 

Risk of disturbing mechanical drive 

components due to settling 

Preferably mounted on flat ground 

 

 

 

Fixed tilt  Enables mounting on landfills with 

limited bearing capacity 

Enables mounting on both flat and 

sloping ground 
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7 FINANCIAL ASPECTS OF SOLAR LANDFILLS 
As mentioned earlier, PV technology has not yet reached grid parity (Greenpeace & EREC 

2011; SunShot 2012; IEA 2010) and therefore the financial aspects of a solar landfill 

project are important to analyse carefully in order to enable a feasible investment. An 

indication of the economic feasibility of a solar landfill project can be seen by overviewing 

the estimated payback times for the solar landfill projects assessed by NREL in the US. For 

three of these projects, payback periods were estimated to 13-14 years (Stoltenberg et al. 

2013), 15 years (Steen et al. 2013), and 6-31 years (Salasovich & Mosey 2011). These 

assessments have included a range of PV system configurations and financing structures. 

Furthermore, the payback period for the solar landfill project on Skedala landfill in 

Halmstad, Sweden, is not expected to be shorter than 30 years (Björkman 2014). 

Despite the fact that the solar landfill concept comes with a number of financial 

advantages; such as low land costs due to limited competition (Sampson 2009), and low 

grid connection costs due to the generally closely located electricity infrastructure (EPA & 

NREL 2013), the costs of a large-scale PV project mostly relates to the costs of the PV 

system components (Bolinger & Weaver 2013). While the PV component costs are not 

elaborated on in this chapter, the feasibility assessment in Chapter 8 considers a range of 

different PV system configurations in order to deduce which system components which 

enable the most cost-effective electricity production. This chapter therefore focuses on 

two other financial aspects which according to (Steen et al. 2013) heavily determines the 

economic feasibility of a PV project: the electricity price and the available policy 

incentives. Finally, a number of financing structures for large-scale PV installations are 

presented in order to exemplify which options that exist when such a project should be 

financed. 

7.1 VALUE OF ELECTRICITY 

The value of electricity can essentially be derived from how it is utilised; whether it 

offsets consumed electricity for the producer and thereby enables savings, or if it is sold to 

an electricity supplier and instead generates revenues (Stridh n.d.). In the case of 

offsetting consumed electricity, the value for each unit of electricity corresponds to the 

variable price of the offset electricity. In another case where the produced electricity is 

sold, the value will depend on the price offered by the electricity supplier and any 

additional economic incentives which are available. In Sweden, the price offered by 

electricity suppliers can vary (Stridh n.d.), but in general the price corresponds to the spot 

price on Nord Pool minus a small fee (Lagerberg 2014; Eriksson 2014; E.ON 2013a). In 
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addition, it is by law SFS 1997:85716 regulated that an electricity producer should receive 

financial compensation from the grid operator for the electricity delivered to the grid, 

since the locally produced electricity both reduces the grid operator’s transmission losses 

and the grid operator’s fees for connecting to other grids. 

7.1.1 POSSIBILITIES TO OFFSET CONSUMED ELECTRICITY 

Regarding the possibilities to offset consumed electricity with produced electricity in 

Sweden, it is commonly practiced by electricity companies to allow their customers to 

become micro producers17 and produce their own electricity, which thereby reduces the 

amount of electricity which the micro producer needs to purchase (E.ON 2013b; 

Vattenfall n.d.). However, according to the Swedish energy markets inspectorate 

Energimarknadsinspektionen, no legislation in law 1997:857 mentions offsetting of 

electricity with self-produced electricity (Energimarknadsinspektionen 2014). 

Furthermore Energimarknadsinspektionen states that it is not allowed to offset electricity 

consumption on one location with electricity produced on another location. Nevertheless, 

Skatteverket (2012) has made statements which confirm that such offsetting is possible. In 

case 131 72782-12/1211, a wind power plant owner was judged to be allowed to offset 

electricity consumption in an activity located separately from the wind power plant, with 

the electricity produced in the plant. Skatteverket pointed out that the electricity supplier 

was not considered to deliver all the electricity consumed in the wind power plant 

owner’s activity, but only the electricity which exceeded the self-produced electricity. 

However, Skatteverket also made it clear that such offsetting is not possible when the self-

production of electricity and the electricity consumption occurs in different time periods. 

In practice, a time period will consist of an hour, since the measuring of electricity 

normally occurs on an hourly basis. 

Offsetting electricity when production and consumption are separately located have 

according to Wizelius (2012) also been practiced by many wind power communities in 

Sweden. These communities have most commonly been run as community associations 

(Swedish: samfälligheter) or economic associations. The principle in such a wind power 

community is that the produced electricity is delivered to an electricity supplier who in 

turn can use the produced electricity to offset consumed electricity on each community 

members’ electricity bill. The prerequisites for such an arrangement include that all the 

community members are customers of the electricity supplier who buys the produced 

electricity, and that the members do not own shares of the wind power plant which 

                                                 
16 Chapter 3, 15 §. 
17 A producer with a maximum power of 43.5 kW and a maximum fuse level of 63 A, who also is an 

electricity net consumer on a yearly basis (Vattenfall 2011). 
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correspond to a higher amount of energy than the member consumes on a yearly basis. In 

addition, if the community is run as a community association a cadastral survey must be 

conducted in order to connect the wind power plant to the community members’ 

properties and thereby enabling offsetting of electricity. 

Another example of how offsetting is practiced can be seen by the housing association 

Gasellen in Linköping, which has set up an arrangement which enables a PV system of 

624 kWp, installed on the housing associations’ buildings, to be considered as 16 different 

micro producer systems (Stridh 2013b). Also in this case, the electricity grid is used to 

transport the electricity from the production point to the consumption point, i.e. from the 

PV system to the association members’ residences. 

7.1.2 TAXES ON ELECTRICITY 

Regarding the energy tax on electricity in Sweden, it is decided by law SFS 1994:177618 

that electricity consumed in Sweden should be taxed (Bohlin 2013). However, an 

exception in this law states that production of electricity which is not “commercially 

supplied” and which is generated in a generator with a maximum power of 100 kW is tax 

exempt. An additional exception exists for electricity produced in wind power plants 

which is not “commercially supplied”, for which no maximum power has been set. 

To interpret whether electricity has been commercially supplied or not is difficult 

according to today’s legislation, since it depends on many aspects, e.g. if the ownership of 

the electricity has changed, and what form of business the electricity is produced in 

(Bohlin 2013). Some clarification to the issue can be retrieved from the earlier mentioned 

case 131 72782-12/1211 in which Skatteverket takes the standpoint that electricity is 

commercially supplied if a producer transfers electricity to an electricity supplier, or 

somebody else, through sales or any other contract on transfer. However, a producer is 

not considered to commercially supply electricity if the producer only employs a grid 

operator to transport the electricity to a tie-in point where the producer itself consumes 

electricity. 

Another source which grants guidance to the interpretation of the term “commercially 

supplied” electricity is Jonas Dahlberg at Skatteverket who has outlined the issue together 

with Svensk vindkraftförening (Svensk vindkraftförening 2014). This source reveals that 

private persons who are micro producers and who sell electricity for more than 30 000 

SEK per year can be considered to be commercially supplying electricity. On the other 

hand, if a private person produces electricity which is worth a value below 30 000 SEK per 

year, and if the micro production is run as a hobby rather than a business activity, the 

                                                 
18 1 Chapter, 1 §. 
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produced electricity is not tax obliged. However, this source states that a company which 

delivers electricity to a supplier and gets paid by doing so is obliged to pay the energy tax 

for all the produced electricity, regardless of how much the producer is paid by the 

supplier. This is in line with what earlier mentioned source from Skatteverket has stated. 

As mentioned, in order for electricity to be tax exempt from energy tax it must not only 

be supplied in a non-commercial way, but it should also be generated in a generator with 

a maximum power of 100 kW. However, this formulation is difficult to apply to PV 

technology, which does not utilise a generator to produce electricity. Guidance in 

interpreting whether PV systems are included in this exception or not can be received 

from another statement made by Skatteverket (2011) in case 131 651138-11/111. 

According to this statement, the electricity produced by a PV system of any size is tax 

exempt if the electricity is not commercially supplied. 

7.1.3 EXISTING POLICIES IN SWEDEN 

To promote electricity production by renewable energy technologies, including solar PV, 

Sweden has implemented tradable green certificates, more specifically called electricity 

certificates, and guarantees of origin. Furthermore, to benefit solar PV in particular, a 

national investment support program is in place. In addition Sweden is, as member of the 

EU, also included in the EU emission trading system. These policy instruments are 

explained below. 

7.1.3.1 The electricity certificate system 

Sweden introduced electricity certificates in 2003 in order to promote renewable energy 

sources (Energimyndigheten & NVE 2013). Between 2003 and 2012, which was the time 

period this national certificate system was in place, the Swedish electricity production 

from renewable energy sources increased with 13.3 TWh. Thanks to this increase 60 % of 

Sweden’s total electricity production of 162 TWh in 2012 came from renewables (Svensk 

Energi n.d.). 

On the 1st of January 2012, the present electricity certificate system came into effect, after 

re-arrangements of the earlier system were made in order to also include Norway 

(Energimyndigheten & NVE 2013). This electricity certificate system, which in large part 

functions as Sweden’s previous certificate system, is a market based tool which allows new 

renewable electricity facilities to receive an electricity certificate for each MWh of 

produced electricity over a period of 15 years. These certificates can in turn be sold and 

thereby generate extra revenue for the producer. The demand for certificates on the 

market is created by quota obligations, which obliges electricity suppliers and certain 

electricity consumers to buy certificates corresponding to a certain quota of their 

purchased electricity. The price trend of the electricity certificates can be seen in Figure 6. 
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Figure 6. The price trend of the Swedish electricity certificates from January 2006 to January 2014. Data 
from (Ekonomifakta 2014). 

By trading certificates on a shared market between Sweden and Norway, the idea is to 

enable the most profitable and cost efficient investments to be made (Energimyndigheten 

& NVE 2013). Since the re-arrangement of the system in 2012 the goal is to increase the 

electricity production from renewable energy sources with 13.2 TWh from 2012 to 2020 

in each country. In addition, electricity certificates corresponding to 198 TWh (i.e. 198 

million certificates) should be annulled by each country during the period 2012-2035, 

which is the time period that the certificate system will be active (Energimyndigheten & 

NVE 2013). These 198 TWh correspond to a support of 13.2 TWh per year during 15 years 

(13.2 TWh/year × 15 years = 198 TWh). 

In order to ensure the goals of the certificate system are reached, the Swedish and 

Norwegian energy authorities cooperate in monitoring and controlling the progress of the 

system during so called control stations (Energimyndigheten & NVE 2013). On the 11th of 

February 2014, both countries’ energy authorities presented their reports as a part of the 

first control station planned to be carried out before the end of 2015 (Energimyndigheten 

2014a). In the Swedish report, an increase of the quota obligations has been recommended 

to take place for the period 2016 to 2035. As an example, the quota for 2016 will be 

increased from the planned quota of 14.4 % to 23 %. 

The electricity certificate system has been studied and evaluated by several reports and 

studies, receiving both favourable and unfavourable critique. In a review of the energy 

policies in Sweden conducted by the International Energy Agency (IEA) the certificate 

system is praised for providing a long-term horizon for investors on a technology-neutral 

and cost-effective market which only generates moderate costs for the consumers, and by 
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so setting a good example from which other countries can learn (IEA 2013). In 

comparison with the cost paid by German end consumers to support their feed-in tariff 

system, which corresponds to 14 % of the average German electricity bill, the electricity 

certificate system in Sweden has only resulted in a few percent extra cost for the end 

consumers (Energimyndigheten & NVE 2013). 

7.1.3.2 The EU emission trading system 

A cornerstone in EU’s commitment for fighting climate change is the EU emission trading 

system established by Directive 2003/87/EC and launched on the 1st of January 2005 

(Vlachou 2014). The emission trading system sets an upper limit, also called a cap, of the 

level of emissions allowed overall for the participating member states. This cap is set 

below the projected emissions with the purpose of achieving emission reductions. In 

addition, the cap is reduced over time (European Commission 2013). Furthermore, 

emission allowances are issued in the system (Vlachou 2014). Each of these allowances 

permits their holder to emit one tonne of CO2 emissions. The total emissions from the 

participants in the system are kept below the cap since the sum of all the issued emission 

allowances corresponds to the emission level set by the cap. By obliging participants to 

purchase emission allowances in the amount equivalent to their emission levels, and by 

penalising them if they do not comply, a demand for allowances is created. 

While the emission allowances previously were given away for free, the allowances will 

increasingly be allocated by auctioning from 2013 and onwards (European Commission 

2013). When it comes to electricity producers, all emission allowances have to be 

purchased since they no longer receive free allowances. In Sweden, the production 

facilities with an installed power exceeding 20 MW must participate in the emission 

trading system (Svensk energi n.d.). This adds up to around 700 Swedish facilities trading 

with emission allowances. As a consequence of the additional cost for electricity 

producers which comes with the emission allowances, the emission trading system also 

affects the electricity price. If concerning the spot price on Nord Pool, it can be estimated 

that an allowance price of 10 EUR per tonne corresponds to 0.08 SEK per kWh of the 

electricity price (Svensk energi n.d.). The emission allowance price in May 2014 was 

approximately 5 EUR per tonne (The NASDAQ OMX Group 2014). Furthermore, as the 

trading system continues during its 3rd trading period stretching from 2013-2020, the cap 

will be reduced by 1.74 % each year (European Commission 2013). As critique towards 

the system, it can be noted that it has not performed exactly as planned in recent years. 

For instance, the 2008 financial crisis resulted in a sharp fall of the demand for allowances, 

which accordingly made the price fall (Vlachou 2014). Due to events like these, 

uncertainties of the price of emission allowances will remain as yet another unpredictable 

parameter affecting the price of electricity. 



FINANCIAL ASPECTS OF SOLAR LANDFILLS 

43 

 

7.1.3.3 Guarantees of origin 

With the purpose of strengthening the consumer’s role on the electricity market, to 

improve the traceability of origin of electricity, and to enhance the conditions for 

renewable electricity production, a system for guarantees of origin is implemented in 

Sweden by law SFS 2010:601 (Energimyndigheten n.d.). The system enables producers of 

electricity to receive guarantees of origin for each MWh they produce. Such a guarantee 

provides information about the energy source of the produced electricity. These 

guarantees can in turn be sold on an open market to suppliers who want to sell electricity. 

A demand of guarantees is created since suppliers must buy an amount of guarantees 

corresponding to the amount of electricity the supplier intends to sell. In specific, 

suppliers must buy guarantees from the type of energy source the electricity they intend 

to sell is produced from. That is, if a supplier intends to sell electricity produced from solar 

energy, the supplier must purchase guarantees from solar power producers in the 

corresponding amount. Therefore, the demand of guarantees for each type of energy 

source can vary. 

Since the value of the guarantees is determined by the supply and demand on an open 

market, the value can be hard to predict (Energimyndigheten n.d.). As neither 

Energimyndigheten nor Svenska kraftnät registers the prices of the traded guarantees, 

Energimyndigheten recommends that the electricity producer on its own controls and 

compares the prices offered by the suppliers (Energimyndigheten 2014b). Regarding the 

guarantees of origin from solar energy in particular, Lövfors (2014) states a liquid market 

has not yet been achieved since the amount of electricity sold to suppliers so far is limited. 

According to estimations from Lövfors, the price for guarantees of origin from solar 

energy approximately is 10-30 SEK per MWh. Furthermore, while it is free to apply for 

guarantees, an administration fee of 0.02 SEK per guarantee must be paid to Svenska 

kraftnät (Energimyndigheten n.d.). 

7.1.3.4 Investment grant program 

Since 2009, an investment grant program has existed in Sweden in terms of a direct capital 

subsidy for installation of grid connected PV systems (Lindahl 2013). The investment 

grant program is implemented by ordinance SFS 2009:689. During the first years of the 

program a maximum investment support of 60 % was possible to receive from the 

government. The support program, which was set to end by the 31st of December in 2011, 

was prolonged to include 2012 as well, offering a maximum support of 45 % of the 

investment. By the end of 2012, the program was prolonged once more. This time, the 

prolongation stretched over the period 2013-2016, with a total budget of 210 MSEK. 

During this period, the investment grant was lowered to 35 %. The reductions of the 
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support for each time period have been motivated by the reduced production costs of PV 

cells (Näringsdepartementet 2012b). 

Besides the limitation of the grant in the form of a fixed percentage of the total 

investment, the support has also been limited by a maximum amount for the whole PV 

system and a maximum amount per kW (Lindahl 2013). For the period 2013-2016, these 

limits are fixed to 1.2 MSEK and 37 000 SEK plus VAT per kW. 

During the last period of the grant program, the applications for the support have 

outgrown the funds available (Energimyndigheten 2013c). Already in 2013, 107.5 MSEK 

of the total budget of 210 MSEK for 2013-2016 where used, and an additional 45 MSEK 

where relocated from 2014-2016 to finance even more investments in late 2013. 

Furthermore, a report publicised by Energimyndigheten states that 163 of the total 210 

MSEK had been assigned in February 2014 (Boverkets statistiksystem 2014). This means 

that if the government has no intentions to revise the budget for this period, the funds left 

over for the period 2014-2016 will be limited. As a result of this, the planned solar landfill 

project in Halmstad will be carried out regardless of whether the project receives any 

investment support or not (Björkman 2014). As for the project in Helsingborg, no 

investment support is expected (Fälth 2014). 

7.1.4 PROPOSED FUTURE POLICIES IN SWEDEN 

The subject of net metering is today widely discussed in Sweden, and electricity 

companies have taken different standpoints in the current situation whether net metering 

can be offered to the customers or not (Lindahl 2013). Furthermore, many uncertainties 

surround the subject of whether electricity production with purpose to provide electricity 

to a certain company or a residential building is tax exempt or not (SABO 2012). In order 

to provide clarity to these subjects, proposals for new legislation are being discussed in 

Swedish politics. In the Governmental Official Report 2013:46 several aspects in these 

matters were analysed, such as the possibility to introduce net metering or tax reductions 

for small scale producers and which type of renewable electricity production that should 

be tax exempt. 

7.1.4.1 Net metering or tax reduction for micro scale producers 

While net metering systems are used in several European countries, e.g. Denmark, 

Belgium and the Netherlands to name a few, the system has not been implemented on a 

national scale in Sweden yet (Bohlin 2013). The government has conducted several 

investigations in this matter and the latest investigation presented in the Governmental 

Official Report 2013:46 suggested that a net metering system would not be possible to 

implement due to its conflict with the VAT directive. Instead of a net metering system the 

investigation suggested that a tax reduction system should be implemented which offers 
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economical compensation in the magnitude approximately corresponding to the sum of 

the energy tax and the VAT (specifically the compensation would be two times the energy 

tax). With taxes from 2013, this would result in a tax reduction of approximately 0.60 SEK 

per kWh. According to the investigation, the tax reduction should only apply to producers 

with a fuse of maximum 63 Ampere and a maximum power of 43.5 kW, and who receive 

and inject electricity in the same tie-in point. Also, the production which the tax 

reduction is based on cannot be any greater than the amount of electricity consumed by 

the producer. Furthermore, only 10 000 kWh of produced electricity per year was 

suggested to be applicable to this tax reduction. 

The proposal from this investigation was criticised and questioned in motion 

2013/14:N262, due to the fact that the Court of the European Union have not interpreted 

the VAT Directive to be in conflict with a net metering system, which has enabled several 

member states of the EU to already establish such a system. In order to deal with the 

negative response, the government handed in a Proposal referred to the Council on 

Legislation for consideration (Swedish: lagrådsremiss) on the 30th of January 2014. In this 

proposal the tax reduction system was more generously constructed, allowing a fuse of 

maximum 100 Ampere, 30 000 kWh of applicable electricity production and a fixed tax 

reduction of 0.60 SEK per kWh. Still, the producer must receive and inject the electricity 

in the same tie-in point and the production which the tax reduction is based on can’t be 

greater than the amount of consumed electricity. On the 11th of March 2014, this modified 

version of the tax reduction was submitted by the government to the Riksdag in 

Government Bill 2013/14:151. 

7.1.4.2 Tax exemption for small scale producers 

As stated earlier, to interpret whether electricity has been “commercially supplied” or not 

is difficult according to today’s legislation (Bohlin 2013). In addition, the exception for 

wind power plants conflicts with the purpose of the technology-neutral nature of the 

electricity certificate system, which has been designed in order to benefit the most cost 

effective renewable electricity production regardless the choice of technology. Therefore, 

the Governmental Official Report 2013:46 suggests changes regarding which electricity 

production that should be tax exempt. Regarding the limitation of a maximum generator 

power of 100 kW, the existing law is recommended to stay in place, but the exception for 

wind power is recommended to be removed. Furthermore, in order to provide fair 

conditions for the different production technologies, the report recommends that the 

maximum power for each type of renewable technology should be specified so that each 

technology is tax exempt up to the production capacity which corresponds to the 

electricity production in a 100 kW water power plant. According to the report, this results 

in a maximum power of 450 kW peak power for a solar PV plant. In addition, the 
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phrasing “commercially supply electricity” is recommended to be removed and instead it 

should be added that the tax exemption is only available for electricity which has not 

been fed to the grid. 

7.2 FINANCING STRUCTURES FOR SOLAR PV PROJECTS 

To develop a solar PV project is a capital-intensive business, especially due to the high 

initial investment cost (SunShot 2012). These high up-front costs, in combination with 

cash flows spread over the lifetime of the PV system, calls for a financing structure which 

ensures the viability of the projects in the long term. In addition, the possibility to take 

advantage of policy incentives and investment grants have shaped and evolved the ways 

of financing (Bolinger 2009). While the number of financing structures for such projects is 

endless, some typical structures presented in literature and practiced in existing PV 

projects are mentioned below. 

7.2.1 OWNER AND OPERATOR FINANCING 

This type of financing structure is used by a single entity which possesses enough financial 

strength to fund a PV project on its own (Olis et al. 2013). In such a project, all the cash 

flows, potential tax benefits and investment grants are utilised by the single entity. For an 

entity with the sufficient assets, this way of financing appears attractive due to its 

simplicity. However, entities with a tighter budget might be unable to undertake such an 

investment.  

A solar PV project in Sweden where the owning and operator financing structure was 

used was for the 442 kWp PV system installed in Simrishamn by the year of 2012 (Solect 

Power n.d.). The project was co-operated by the wind power company Österlenvind 

which built and owns the PV system, and Solect Power which was the general contractor. 

The investment was of 8 MSEK, where 3 MSEK was funded by the Swedish investment 

grant program. The solar installation is not expected to return any profit to the owners 

Österlenvind in the first 15 years (Börtz 2012). In the city of Halmstad, a solar landfill is 

projected and planned to be in operation in October 2014 (Björkman 2014). The initiative 

is featured by the local energy company HEM, Halmstads Energi och Miljö, which will 

own and operate the solar landfill. 

7.2.2 THIRD-PARTY DEVELOPMENT 

When owners of potential project sites do not possess the financial strength to fund the 

project on its own, a third-party developer can be allowed to lease the site in order to run 

the project (Steen et al. 2013). Once the PV system is operating, the third-party can sign a 

power purchase agreement with either the owner of the site or the local utility. Such an 

agreement serves as a contract allowing the third-party developer to sell the produced 

electricity to the site owner or the utility. Typically, the third-party developer signs a 
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power purchase agreement with the site owner if the PV system will operate behind the 

meter and with the local utility if the PV system will provide electricity to the grid. The 

benefits for the site owner can come in different forms; lease revenues for the land, 

revenue-sharing agreement with the third-party developer or savings of electricity costs 

(Steen et al. 2013). At the same time, the third-party developer can make a sound 

investment by making profit on the produced electricity and utilising tax benefits and 

investment grants.  

A Swedish PV project which utilises this financing structure is the 1 MWp (Ek n.d.) sun 

tracking PV project outside of Västerås which was set in operation in 2014 (Mälarenergi 

n.d. c). Here the project developers Kraftpojkarna have made an agreement with the local 

utility company Mälarenergi regarding the electricity produced from the PV system. 

According to the agreement, Mälarenergi is committed to purchase the generated 

electricity during a period of 15 years (Nilsson 2014). The solar landfill project Fort Carson 

in Colorado, USA, also took advantage of a third-party developer with a power purchase 

agreement in order to make the project financially feasible (EPA 2009). Contracts were 

signed with the Department of Energy enabling Fort Carson to buy the produced power 

for a low fixed cost for 20 years. In addition, several companies were involved in the 

financing, installing and maintenance of the PV system. Fort Carson leased the land 

needed for the solar PV installation to the developers. Nellis Air Force Base in Nevada, 

USA, is another solar landfill project which used the financing structure of a third-party 

developer with a power purchase agreement (Sunpower n.d.). The third-party developer 

is the PV module manufacturer Sunpower, which sells electricity to Nellis Air Force Base 

to a guaranteed rate for 20 years. 

7.2.3 COMMUNITY SOLAR 

The concept of community solar refers to PV systems providing power or financial benefit 

to voluntarily involved community members (Coughlin et al. 2010). With this financing 

structure, private persons who are not willing to install and finance a whole PV system on 

their own but who nevertheless are interested in investing in solar energy, can create a 

community and own a PV system together. Exactly how the ownership and financing is 

structured for community solar projects can vary, but usually a local utility is involved 

either as a sponsor or an owner if the project size is large (Steen et al. 2013). For instance, 

the community members can subscribe on a specific energy output or a specific number of 

panels. 

Sweden’s first PV installations with community solar as financing structure are owned by 

the financial association Sala & Heby ekonomisk förening (Bartusch 2011). It was founded 

in 2009 by the local energy company, Sala Heby Energi, which wanted to offer their 
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customers to buy or trade with electricity from solar PV, which there was seen an interest 

for. The members of the association pays 10 000 SEK for a share in the PV projects and 

until now, the financial surplus has been going to investments in new PV projects. In 2009 

the first PV installation was made and today, Sala & Heby ekonomisk förening owns six 

PV installations, four ground mounted and two roof top installations, which together are 

of 600 kWp and have an annual power output of 500-550 MWh (Mårtensson 2014). Sala 

Heby Energi has through a power purchase agreement committed to buy electricity from 

the solar PV installations for ten years from 2009, and the amount of bought electricity 

has grown with the more installations. Initially they paid 4.5 SEK per kWh for the 

electricity, today they pay 3.21 SEK per kWh as of 2013 and from 2015 they will only pay 

the spot price on Nord Pool. Sala Heby Energi also takes care of the electricity certificates. 

Mårtensson emphasises that the best financial conditions for a PV installation occurs 

when the producer itself can utilise the electricity, which is practiced in the case of Sala & 

Heby ekonomisk förening’s roof top installations. The association has also been given the 

investment grant from the government.  

Mälarenergi, which has assigned to buy electricity from Kraftpojkarna’s PV project 

outside of Västerås, are also using the financing structure community solar in order for the 

utility company to be an economic feasible business (Mälarenergi n.d. b). The electricity 

customers of Mälarenergi have the possibility to book solar cell modules in order to 

support the development of renewable energy. As a private person customer you can book 

a single module for 35 SEK per month and as a company you can book either a full array 

for 1 250 SEK per month or half an array for 700 SEK per month (Mälarenergi n.d. a; 

Mälarenergi n.d. d). Important to notice is that such a booking will not generate any 

monetary value for the customer (Nilsson 2014). However, as a private person you receive 

a decal on your electricity bill as thanks for the support, and in addition a company 

receives a decal to put on their own website and the company name can be mentioned on 

Mälarenergi’s website (Mälarenergi n.d. a; Mälarenergi n.d. d). 

Several financing structures have been considered for the planned solar landfill project in 

Helsingborg in the south of Sweden (Fälth 2014). The initial idea featured Öresundskraft 

as the single owner of the PV system, but due to the low expected returns the proposal 

was rejected. The current idea considered is to found a community solar which is run and 

owned by private persons and companies with a genuine interest in solar cells and 

renewable energy rather than investors with expectations on profit. Each investor can buy 

one or more shares in the PV system, 3 000 to 4 000 SEK each, and the community can 

decide whether to use the revenues from the sold power to make new investments or to 

return profit to the owners. 
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8 FEASIBILITY ASSESSMENT AT VISBY LANDFILL SITE 
The object of this feasibility assessment is a landfill site located on Gotland, near the city 

of Visby. In this chapter the projected installation of a PV system on Visby landfill is 

presented including simulation and calculation results regarding the system’s performance 

and the project’s economic feasibility. Furthermore, an analysis of the feasibility 

assessment concludes the chapter. 

8.1 LAND AVAILABILITY 

An aerial photo of Visby landfill site can be seen in Figure 7. The two most attractive areas 

for a solar PV system on the site consist of two large relatively flat plateaus, orange 

marked and numbered 1 and 2, each the size of approximately one hectare. The plateaus 

are located 80 m above sea level, which is the second highest point on Gotland (Region 

Gotland n.d.). The surrounding land is located 52 m above sea level. The plateaus were 

capped in 2004 with 1.7 m of capping materials (Ax 2014). The bottom linear barrier in 

the capping consists of bentonite and HDPE, and the vegetative layer is 0.25 m of topsoil 

(Gotlands kommun 2000). The plateaus have side slopes which today are steep, so the plan 

is to reduce the incline of these slopes in the coming years (Ax 2014). The adjustments of 

the side slopes though, are not planned to affect the plateaus in any way. Furthermore, the 

stability of these slopes has been evaluated and it has been concluded that there is no risk 

of landslides or severe erosion (Region Gotland n.d.). In general, the majority of the 

settling has also already taken place and further settlement is not likely to interfere or 

damage a solar PV installation (Persson 2014). The fact that there are ten years since the 

plateaus were capped, in combination with the fact that the landfill gas extraction today is 

limited (Karlsson 2014), further indicate that the plateaus are settled and are in no need of 

measurements to decrease settlement. Additionally, the decreasing landfill gas extraction 

eliminates the ignition risk caused by the PV modules. 
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Figure 7. Visby landfill site. The two plateaus suitable for solar PV installations are marked in orange. 
©Lantmäteriet [i2012/898]. 

The area marked with 4 can potentially be suitable for a PV installation, but it was 

excluded from this study for several reasons. First of all, it is located on a lower height 

than plateau number 1 and 2, thus getting partly shaded. Another issue with area 4 is the 

fact that it has a slightly north-facing slope, thus shading from the panels will be of larger 

concern than if the slope would have been flat or south-facing. The area marked with 

number 5 is a leachate basin for pre-treating the leachate before going to a waste water 

treatment plant, and number 3 marks the landfill gas facility. A road up to plateau number 

1 and 2 can also be seen in the aerial photo, making the plateaus accessible. 
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Figure 8. Plateau number 1 and 2 on Visby landfill. 

Figure 8 gives an overview of both plateau number 1 and 2, seen from plateau number 1. 

As seen in the pictures above, there are no objects shading the two plateaus, so the only 

issue regarding shading which has to be taken into consideration is the self-shading from 

the PV system components. 

8.2 PERMITS 

According to Westberg (2014), Building Permit Architect at Region Gotland, there is no 

need of a building permit or application for a ground mounted solar PV installation at 

Visby landfill. U. Johansson (2014) though, Environmental Advisor and Air Safety 

Coordinator at Visby airport, claims that it can be problematic to put a PV installation 

close to an airport. This is due to regulations prohibiting light, which by its intensity, 

configuration or colour may mislead or confuse the air traffic, to be placed too close to an 

airport (Transportstyrelsen 2012). Therefore, whether a PV system located on the site 

might cause such light should be investigated further. 

When in operation, Visby landfill was classified as an environmentally hazardous B 

activity, thus usually having the County Administrative Board as a supervising authority 

(Ax 2014). In the case of Visby landfill though, the County Administrative Board of 

Gotland has delegated the responsibility of the landfill to the local environmental and 

health department. According to Lindvall (2014), employee at the environmental and 

health department, Visby landfill is now considered a C activity since it is no longer in 

operation. Even though a solar PV system installation on the landfill does not require a 

notification to the supervising authority according to the Swedish Environmental Code, 
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the environmental and health department wants to know which changes Visby landfill 

will undergo (Lindvall 2014).  

8.3 GRID CONNECTION 

The local grid owner, GEAB is restrictive to connect more electricity production facilities 

to the grid because of the lack of transmission capacity to the mainland (T. Johansson 

2014). Therefore, GEAB is limiting the amount of new power production plants which are 

allowed to be connected to the grid. As of today the available capacity for macro 

production plants have, according to this limitation, already been applied for (Sundgren 

2014). However, some production capacity is still reserved for grid connected micro 

production plants (Lagerberg 2014; Sundgren 2014). The reason behind GEAB’s 

restrictions to grid connected production plants are the experienced problems with power 

quality which have arisen both during periods of large export to the mainland via the 

transmission lines, and during periods when the load on the transmission lines is low 

(Knudsen 2014). With the purpose to investigate these power quality problems in detail, a 

study conducted by GEAB and Lars Knudsen was in progress in the spring of 2014. 

Furthermore, to solve the grid capacity issue on Gotland in the long term a new 

transmission line is planned to be installed by 2018, which will increase the capacity of 

electricity transfer to the mainland by 500 MW (Svenska Kraftnät 2013). This new 

transmission line will enable more producers to connect to the grid in the future.  

8.4 UTILISATION OF ELECTRICITY 

With the existing grid capacity restriction in play, which reduces GEAB’s willingness to 

allow an installation of a centralised PV system on Visby landfill which solely injects 

power to the grid, other options must be considered regarding how the electricity can be 

used. 

One option is to connect the PV system behind the meter at an electricity consumer at the 

site, and thereby offsetting consumed electricity for the consumer. This doesn’t violate 

GEAB’s restriction, even though the power quality on the grid will be affected since 

GEAB needs all the available loads on the island to balance the local power production (T. 

Johansson 2014). However, a behind the meter installation would still need to be done in 

consultation with the grid owner due to the changes in the tie-in point agreement 

(Sundgren 2014). 

For a system installed behind the meter, the value of the produced electricity would 

depend on the consumer’s electricity price. Identified power consuming activities in 

proximity to the site includes a landfill gas facility and a water pump station system. 

Regarding the landfill gas facility, the electricity consumption is approximately 70 MWh 

per year, but as the landfill gas extraction is decreasing the future operation of this facility 
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is uncertain (Karlsson 2014). Therefore, this option is not considered to be a favourable 

way of utilising the electricity. In addition, GEAB’s unwillingness to own the PV system 

furthermore hinders an arrangement where the power is used to offset the consumption 

in the landfill gas facility. As for the water pump station system, the electricity use in 

Region Gotland’s water pump station located in the proximity of Visby landfill was 154 

MWh in 2013 (Region Gotland 2014b), thus enabling a viable option for a behind the 

meter installation. 

In order to provide offsetting of consumed electricity in a larger scale, an arrangement 

which can enable production in one tie-in point to offset consumption in another tie-in 

point would be necessary. As mentioned earlier, this has been practiced in several cases 

before; both in wind power communities and in housing associations. In such a case, an 

organisation such as Region Gotland has the possibility to use all the produced power to 

offset electricity consumption in the organisation’s activities. For instance, if summarising 

the consumption in all of the water pump stations in the before-mentioned water pump 

station system in Visby, the total consumption was 2 715 MWh in 2013 (Region Gotland 

2014b). 

By utilising offsetting of electricity between different tie-in points in the grid, another 

option is to enable home owners to offset their consumed electricity with the produced 

electricity from the PV system. Such an arrangement can preferably be organised as wind 

communities, which already are established in Sweden. In such an arrangement, it can 

also be possible to consider the community members as micro producers, if the shares in 

the community are sized to fit the micro producer criteria. Due to the production capacity 

which GEAB has reserved to micro producers, this might enable a way to get access to the 

grid in spite of the production capacity restriction. 

As a final option, in the case where no existing electricity consumer can use the produced 

power from the PV system, the power can be utilised to produce hydrogen (Abermann 

2012) or be stored in batteries (Kim et al. 2013). Such a solution can enable full usage of 

the electricity for each hour of the day, avoiding concerns of mismatch between 

consumption and production (Abermann 2012; Kim et al. 2013). However, further 

investigations regarding the installation of such systems must be conducted if such an 

option is chosen, and therefore this option is not considered any further in this study. 

8.5 OWNING AND FINANCING STRUCTURES 

The owner and operator financing structure has commonly been used in Swedish PV 

projects. The owner of the landfill and the grid owner, in this case Region Gotland and 

GEAB, can be seen as potential owners and operators of the PV installation at Visby 

landfill. These actors could possibly either sell the produced power to an electricity 
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supplier, or set up an arrangement where the power is used to offset consumption in their 

own activities. However, from GEAB’s point of view, the company has a policy of not 

owning any production plants in order to maintain an objective standpoint in their role as 

a grid owner (T. Johansson 2014). As for Region Gotland, there might be a possibility that 

they will finance and own the PV system (Ax 2014). An interest exists since the project, 

which represents an investment in renewable electricity production and resource efficient 

land use, is in line with Gotland’s ambitious energy and climate targets and their profile to 

be an eco-municipality. If this should be realised, initially a budget preparation must be 

handed in since all the investments which Region Gotland makes must be handled 

centrally by the municipal Council, which decides whether to invest or not. 

If Region Gotland does not become the owner and operator of the solar installation 

another financing structure can be considered. An alternative is that a third-party project 

developer is included in the project, which could be for example the contractor of the PV 

system. If the third-party will own the project in long term, the land needed for the solar 

PV installation can be leased out by Region Gotland which thereby generates additional 

revenues to Region Gotland. Parts of the landfill site are leased out today to a price of 5 or 

6 SEK per m2 (VAT excluded), but the price of the land suitable for the solar PV 

installation might be cheaper (Ax 2014). Furthermore, a power purchase agreement 

outlining the details concerning the trade of the produced power could be signed. 

Through a power purchase agreement, the third-party developer could e.g. sell the 

electricity to a company such as Region Gotland which in turn can use it to offset 

consumption in its activities, or sell it to an electricity supplier. 

Another possibility of the ownership of the project is a community solar. A positive aspect 

concerning the possibility to found a community solar is the already common utilisation 

of communities on Gotland (Ax 2014). Several examples of communities can be found in 

matters such as water supply and sewage systems, broadband access and wind power 

production. For example, Britse (2014) and Amsén (2014) have plans to integrate PV 

projects in their wind power communities at Gotland. Other wind power communities are 

more sceptic to solar power since they state that it is not as economically feasible as wind 

power (Bohlin 2014; Källstedt 2014). A community solar could be structured as a wind 

power community which sells the electricity to an electricity supplier. It could also be 

structured as a community which uses the produced power to offset consumption in the 

members’ properties. 

8.6 PERFORMANCE SIMULATION 

Different scenarios were simulated in order to determine the performance of PV systems 

with various technology options which could be suitable to install at Visby landfill. 

Suggestions of which components that could be used in the PV system were retrieved 
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from Swedish contractors. The contractors were given information about the available 

land, plus additional specifications that the suggested PV systems were required to meet. 

The specifications included that the mounting system was not allowed to penetrate the 

ground more than 0.2 m and that it must withstand strong wind loads, since the landfill 

site often is exposed to such winds. 

The different PV technologies used in the performance simulation were both thin film 

and crystalline silicon modules. The thin film scenario had a fixed tilt mounting system. 

Crystalline silicon modules though, were simulated with both fixed tilt and dual axis 

tracking system. Only concrete ballast mounting systems were used in the simulations, 

since this was the preferred option for all the contractors, given the limited ground 

penetration depth. Geomembrane technology with integrated thin film cells were 

therefore excluded from the feasibility assessment, since no contractors could be found 

which sold such a product. Furthermore, flat surfaces such as the available area on Visby 

landfill, are better suited for conventional mounting systems than a geomembrane. Just as 

for the PV modules and the mounting systems, the choice of inverters was made by the 

contractors. The different scenarios with the associated type of PV module, tracking 

system and mounting system are shown in Table 4. 

Table 4. The PV system’s components for the simulation scenarios. 

 PV module type PV module efficiency Tracking system Mounting system 

Scenario 1 Poly crystalline 15.9 % Fixed tilt Concrete ballast 

Scenario 2 Poly crystalline 13.4 % Fixed tilt Concrete ballast 

Scenario 3 Mono crystalline 20.1 % Dual-axis Concrete ballast 

Scenario 4 Thin film 12.6 % Fixed tilt Concrete ballast 

The life time of the PV system was set to 25 years in each scenario since the power output 

warranty for all PV modules in the presented scenarios was 25 years. The yearly 

degradation of the modules was calculated with a linear equation based on the warranty. 

While all modules did not feature a linear warranty, the linear calculation enabled a 

simple method to estimate the degradation. The estimated degradation did approximately 

correspond to the actual warranty degradation. Furthermore, the life time of the inverters 

was also set to 25 years even though they have a shorter warranty time, in order to 

simplify the calculations.  

The simulated PV system was divided into two sub-systems, one located on plateau 

number 1 and the other on plateau number 2. Each of the sub-systems were designed to 

utilise as much of the area as possible. That is, the sub-systems were limited to the areas of 

100 × 100 meters on plateau number 1 and 50 × 200 meters on plateau number 2. In total, 

this corresponds to an area of 2 hectares.  
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Figure 9 presents the result of the test simulations conducted on scenario 1, regarding the 

distance between rows of the PV modules in the case of fixed-tilt systems. In the figure 

the installed power and performance ratio are displayed in relation to the distance 

between the PV arrays. As can be seen, the performance ratio increases with an increasing 

distance, but the increase levels out as the distance becomes longer than approximately 4 

meters. The reason that the performance ratio increases with increased row spacing 

distance is due to the self-shading which occurs when the rows of PV modules are placed 

too close to each other. Additionally, the installed power can be seen to decrease with an 

increasing distance. In order to achieve a PV system which both can perform well and 

benefit from the economies of scale, the distance of 4 meters was chosen for the 

simulations in all the scenarios using a fixed-tilt system. For scenario 3 which utilises 

tracking systems, the distance between the tracking systems was set to the 

recommendations from the contractor. 

 

Figure 9. The installed power (blue line) and the performance ratio (red line) of the fixed tilt PV system in 
scenario 1 in relation to the distance between rows of modules. A distance of 4 meters was chosen as both a 
high performance ratio and a large installed power capacity was desired. 

Furthermore, PVsyst optimised the orientation for the fixed tilt system to be facing south 

and the tilt angle to be 39 degrees. The standard module to inverter ratio in PVsyst was 

used, which was 1.25. The climate data, which consisted of satellite data from 1998-2011 

and which was retrieved from PVGIS, featured an annual horizontal global irradiation of 

1 072 kWh per square meter, and an average air temperature of 7.7 degrees Celsius. The 

simulation results from PVsyst are presented in Table 5. 
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Table 5. Performance of the PV system for the simulation scenarios. 

 PV system size 

[kWp] 

Annual electricity 

production 

[MWh/year] 

Annual electricity 

production per Wp 

[Wh/(Wp*year)] 

Performance ratio 

[%] 

Scenario 1 1 549 1 611 1 040 80.6 

Scenario 2 1 302 1 339 1 028 79.7 

Scenario 3 341 534 1 566 87.3 

Scenario 4 1 236 1 244 1 007 78.1 

8.6.1 SENSITIVITY ANALYSIS OF PERFORMANCE SIMULATION 

In order to determine the importance of the orientation of the PV system and the angle of 

the PV modules for a fixed tilt system, a sensitivity analysis was performed. The PV 

system featured in scenario 1 was used in the sensitivity analysis and the results are 

presented in Table 6. 

Table 6. Sensitivity analysis of the performance simulation. The adjusted values are marked in bold. 

 Annual electricity 

production [MWh/year] 
Loss compared to 

optimal scenario [%] 

East,     39° 1 218 24 

South,  39° 1 611 0 

West,   39° 1 192 26 

South,  15° 1 600 0.7 

South,  39° 1 611 0 

South,  65° 1 377 15 

The results indicate the major losses which a turn of the PV system to a different cardinal 

will lead to and thereby a south facing system is still preferable. If the modules are tilted 

in a lower angle than the optimal one though, this will not affect the yearly electricity 

production significantly. If a larger angle would be used, the losses will be higher. What 

should be noted in the sensitivity analysis regarding the tilt angle is that the row spacing 

between the modules was not changed. In a scenario where a different tilt angle than 39 

degrees is preferred, the row spacing should be adapted to the shadings which the 

specified tilt angle brings. What can be stated anyhow is that a lower tilt angle than the 

optimal one might be preferable at Visby landfill since the modules will be exposed to 

high wind loads and since there are no significant losses by using a lower tilt angle. 

Additionally, a lower tilt angle makes room for more rows of PV modules. 

8.7 COST ASSESSMENT  

To be able to assess the economic feasibility of a PV system on Visby landfill, the costs 

associated to the project under its full life time of 25 years were assessed. The cost 
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components accounted for in the investment can be seen in Table 7. All costs in this cost 

assessment include VAT. 

Table 7. Cost components included in the economic feasibility assessment. 

PV system components Scenario specific 

Operation and maintenance 1 000 SEK/year 

Land lease 0 SEK/year 

Land preparation 0 SEK 

Building permit 0 SEK 

The costs for PV cells, inverters, mounting systems, and the associated installation costs, 

were all specified by the contractor for each scenario. The operation and maintenance cost 

represents a few annual visits to the PV system. This cost is assumed to inflate with 2 % 

per year, which corresponds to the inflation target set by the Swedish Riksbank 

(Riksbanken 2012). Furthermore, the land lease was assumed to be free. If Region Gotland 

will be the owner of the PV installation there is no cost of land and if the land will be 

leased out it is uncertain what the cost will be. While Region Gotland currently takes a 

small fee for leasing out parts of the landfill area, the company might lease out land for a 

PV system for free due to the good publicity it may bring. Additionally, the available land 

was deemed not to be in need of any land preparation. Finally, no costs for a building 

permit were included since a building permit was not required.  

The costs related to the grid connection were excluded in the investment assessment. This 

decision was made since a range of options existed regarding where the electricity can be 

used and connected to, and since a suggestion of the cost for a grid connection could not 

be given by GEAB without further details. The grid connection cost will be important to 

take into account if a more detailed investment assessment is conducted when the exact 

tie-in point is known. In addition, the inverter costs only account for an initial investment 

of inverters and therefore exclude eventual costs of new inverters which might be needed 

during a life time of 25 years. Also, costs for grid feed-in, insurance premiums and 

property taxes were excluded. Furthermore, it was assumed that no loan will be needed 

for the investment. Finally, no investment support from the national investment grant 

program was included in the cost assessment. 

Relevant economic key figures regarding the cost assessment for each of the scenarios are 

shown in Table 8. As mentioned before, all the costs include VAT. When comparing the 

scenarios in Table 8, scenario 1 appears to be the most cost-effective scenario both 

regarding price per Wp and price per kWh. 
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Table 8. Electricity production and economic key figures regarding the investment costs for the simulated 
scenarios. 

 Annual electricity 

production 

[MWh/year] 

Investment cost 

[MSEK] 

Cost per Wp 

[SEK/Wp] 

Cost per kWh 

[SEK/kWh] 

Scenario 1 1 611 23.7 15.3 0.65 

Scenario 2 1 339 20.3 15.6 0.67 

Scenario 3 534 11.8 34.6 0.95 

Scenario 4 1 244 22.5 18.2 0.80 

8.8 ECONOMIC FEASIBILITY ASSESSMENT 

In order to assess the project’s economic feasibility when taking both costs and incomes 

into account, the payback time and the internal rate of return for three options of 

electricity utilisation was calculated. These options are presented and evaluated below. 

Since scenario 1 was assessed as the most cost-effective scenario according to the cost 

assessment, this is the scenario which was used to assess the economic feasibility in these 

three options. 

8.8.1 ALL ELECTRICITY SOLD TO SUPPLIER 

If GEAB’s grid capacity restriction is disregarded, one option is to sell all the produced 

power to an electricity supplier. Such a project can be run with any type of financing 

structure, e.g. a single owner and operator, a third-party project developer or a 

community solar. In order to assess the economic feasibility of this case, it was assumed 

that the power is sold to GEAB. In Table 9, the components determining the value of the 

sold electricity are presented. GEAB offers the Nord pool spot price minus an 

administrative fee of 0.013 SEK per kWh for the produced electricity (Lagerberg 2014). 

The spot price was set as the average spot price in 2013 on Nord pool for bidding area SE3, 

which is the bidding area that includes Gotland (Nord Pool Spot 2014). Similarly, the 

electricity certificate price was set as the average price in 2013 (Ekonomifakta 2014). The 

grid compensation applies for GEAB in specific and have been collected from Lagerberg 

(2014). Furthermore, the estimation of the price for guarantees of origin was provided by 

Lövfors (2014). The energy tax for 2014 was 0.293 SEK per kWh19, which the producer is 

obliged to pay since the production in this case is commercial. Furthermore, the 

electricity spot price and the certificate price were estimated to increase with 2 % each 

year due to inflation. 

  

                                                 
19 Ordinance SFS 2013:859, 2 §. 



FEASIBILITY ASSESSMENT AT VISBY LANDFILL SITE 

60 

 

Table 9. Price components determining the value of electricity if it is sold to GEAB. 

Price components SEK/kWh 

Electricity spot price + 0.341 

Electricity certificate + 0.197 

Grid compensation + 0.024 

Guarantee of origin + 0.02 

Administrative fee - 0.013 

Electricity tax - 0.293 

Total electricity value +0.276 

In Table 10, the value of the sold electricity during the 25 year life time of the PV system 

is presented, along with the investment cost, payback time and internal rate of return. 

With an electricity value of 11.3 MSEK, the investment cost of 23.7 MSEK will not be 

paid off during the PV systems life time. This results in a negative internal rate of return. 

Table 10. Economic key figures for scenario 1 if all the electricity is sold to GEAB. 

Investment cost [MSEK] 23.7 

Electricity value [MSEK] 11.3 

Payback time [years] N/A 

Internal rate of return [%] -5.4 

8.8.2 OFFSETTING ELECTRICITY CONSUMPTION FOR REGION GOTLAND 

Another identified option is to utilise the produced electricity to offset consumption in 

Region Gotland’s activities, e.g. their water pump stations. Since the water pump station 

located in the proximity of Visby landfill only consumed 154 MWh in 2013, thus only 

enabling a small share of the produced electricity to be used for offsetting, this option 

requires that offsetting of Region Gotland’s consumed electricity can be made in another 

tie-in point in order to provide offsetting in a larger extent. For instance, the produced 

electricity can be used to offset consumption for several of the water pump stations in 

Visby, as the total consumption in the pump system of 2 715 MWh in 2013 with margin 

cover the annual production. Either Region Gotland or a third-party developer, who 

leases the available land from Region Gotland, can develop this kind of project. In the case 

where a third-party developer is involved, a power purchase agreement which enables 

Region Gotland to buy the produced electricity from the third-party developer could be 

established. 

While the electricity consumption in the pump stations in Visby with margin covers the 

estimated electricity production from the PV system on a yearly basis, it is likely that 

mismatch between consumption and production occurs in certain time periods over the 

year. Therefore, the economic feasibility assessment of this option has been done in two 

cases; one case where all the produced electricity is assumed to offset consumption in the 
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pump stations, and one case where 50 % of the electricity is used to offset consumed 

electricity and 50 % are sold to GEAB. According to the earlier mentioned statement 

made by Skatteverket (2012), an electricity producer who transfers excess electricity to an 

electricity supplier will be considered to commercially supply electricity, and thus be 

obliged to pay tax for all the produced electricity. This means that all the produced 

electricity would be tax obliged in the case where 50 % is sold to GEAB. However, the 

same statement from Skatteverket also mentions that a producer, who merely employs a 

grid owner in order to transfer electricity to a point where the same producer consumes 

the electricity, is not considered to be commercially supplying electricity. This enables the 

electricity production to be tax exempt in the case where all the electricity is used to 

offset consumption in Region Gotland’s activities, given that Region Gotland owns the PV 

system. 

The price Region Gotland pays for electricity is 0.692 SEK per kWh (Holmebrant 2014). 

The grid fee was assumed to be 0.21 SEK per kWh, which corresponds to GEAB’s fixed 

grid subscription (GEAB n.d.). The rest of the price components were determined in the 

same way as for the previous option, where all power was sold to GEAB. The price 

components are summarised in Table 11 and Table 12. Additionally, the spot price, the 

certificate price and the value of the offset electricity were estimated to increase with 2 % 

per year. 

Table 11. Price components determining the value of electricity, if it is entirely used to offset consumed 
electricity for Region Gotland. 

Price components for 

electricity 

Offset 

electricity 

[SEK/kWh] 

Offset electricity price + 0.692 

Offset grid fee + 0.21 

Electricity certificate + 0.197 

Grid compensation + 0.024 

Guarantee of origin + 0.02 

Total electricity value 1.143 
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Table 12. Price components determining the value of electricity, if it is partially used to offset consumed 
electricity for Region Gotland and partially sold to GEAB. 

Price components for 

electricity 

Offset 

electricity 

[SEK/kWh] 

Sold 

electricity 

[SEK/kWh] 

Offset electricity price + 0.692  

Offset grid fee + 0.21  

Electricity spot price  + 0.341 

Electricity certificate + 0.197 + 0.197 

Grid compensation + 0.024 + 0.024 

Guarantee of origin + 0.02 + 0.02 

Administrative fee  - 0.013 

Electricity tax - 0.293 - 0.293 

Total electricity value 0.85 0.276 

In Table 13, the economic key figures are presented. It can be seen that if 100 % of the 

electricity is used to offset Region Gotland’s consumption, an investment can be made 

with an expected return of 6.1 % and a payback time of 12 years. However, if 50 % is sold, 

the low value of sold electricity in combination with the obligation to pay energy tax 

reduces the economic feasibility of the investment significantly. 

Table 13. Economic key figures for scenario 1 if the electricity is entirely used to offset consumed electricity 
for Region Gotland or if it is partially sold to GEAB. 

 100 % 

offset 

50 % 

offset  

Investment cost [MSEK] 23.7 23.7 

Electricity value [MSEK] 46.3 23.5 

Payback time [years] 12 N/A 

Internal rate of return [%] 6.1 -0.1 

8.8.3 OFFSETTING ELECTRICITY CONSUMPTION FOR A COMMUNITY SOLAR 

If a community solar is established to finance and own the PV system, it is possible that 

the produced electricity can be used to offset consumed electricity at the community 

member’s residences. For this option, it was assumed that the members are considered to 

be micro producers and that the electricity production therefore is tax exempt. However, 

this requires that each micro producer consumes more electricity than it produces on a 

yearly basis and that each micro producer annually sells electricity for less than 30 000 

SEK. As in the previous option, it is likely that a mismatch between production and 

consumption occurs over the year. Therefore, three cases are calculated for this option; 

when 100 %, 50 % or 0 % of the electricity is used to offset consumption, while the rest is 

sold to GEAB. 



FEASIBILITY ASSESSMENT AT VISBY LANDFILL SITE 

63 

 

 In order to estimate the value of the offset electricity, it is assumed that the community 

members have an electricity price corresponding to the fixed price offered by GEAB for a 

1 year contract to house owners living in Visby who consume 10 000 kWh per year. This 

price is 0.893 SEK per kWh (Elskling AB n.d.). Furthermore, it is assumed that the 

community members pay GEAB’s fixed grid subscription of 0.21 SEK per kWh (GEAB 

n.d.). Micro producers also receive a slightly higher grid compensation than other 

electricity producers, namely 0.049 SEK per kWh, but they do also have to pay a slightly 

higher administrative fee of 0.04 SEK per kWh (Lagerberg 2014). Other price components 

such as the spot price, certificate price and the guarantee of origin price are the same as 

for the earlier calculations. All the price components, both for offset electricity and sold 

excess electricity, are presented in Table 14. Once again, the spot price, the certificate 

price and the value of the offset electricity were estimated to increase with 2 % per year. 

Table 14. Price components determining the value of electricity, if it is used to offset consumed electricity 
for community members or sold to GEAB. 

Price components for 

electricity 

Offset 

electricity 

[SEK/kWh] 

Sold 

electricity 

[SEK/kWh] 

Electricity price + 0.893  

Offset grid fee + 0.21  

Electricity spot price  + 0.341 

Electricity certificate + 0.197 + 0.197 

Grid compensation + 0.049 + 0.049 

Guarantee of origin + 0.02 + 0.02 

Administrative fee  + 0.04 

Total electricity value + 1.369 + 0.567 

The economic key figures are presented in Table 15. As can be seen, the investment can 

be most profitable if all the electricity is offsetting consumed electricity, since offset 

electricity has a significantly higher value than sold electricity. In comparison with the 

previously presented options, the community solar offers the most profitable investment. 

Table 15. Economic key figures for scenario 1 if the electricity is used to offset consumed electricity for 
community members. 

 100 % 

offset 

50 % 

offset  

0 % 

offset 

Investment cost [MSEK] 23.7 23.7 23.7 

Electricity value [MSEK] 56.5 39.2 21.9 

Payback time [years] 10 14 N/A 

Internal rate of return [%] 8.3 4.4 -0.6 

If the proposed legislation regarding a tax reduction of 0.60 SEK per kWh for micro 

producers enters into legal force, this tax reduction might be valid for the community 
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members. This would increase the value of the sold excess electricity, and therefore 

enabling a more attractive investment, which can be seen in Table 16. The tax reduction 

significantly increases the profitability of the investment in the cases where electricity 

was assumed to be fully or partially sold as excess electricity. However, in order for this 

option to be valid, it shall be reminded that each community member must be considered 

to feed in and take out electricity in the same grid connection point. In addition each 

community member can only receive tax reductions for a maximum of 30 000 kWh per 

year, the members should mainly be a consumer on a yearly basis, and the fuse on the 

community member’s residence should be a maximum of 100 Ampere. The producer 

should also not sell electricity for more than 30 000 SEK per year, since this would make 

the production be seen as commercial and therefore be tax obliged. 

Table 16. Economic key figures for scenario 1 if the electricity is used to offset consumed electricity for 
community members and if the community members can receive a tax reduction of 0.60 SEK per kWh for 
the excess electricity. 

 100 % 

offset 

50 % 

offset  

0 % 

offset 

Investment cost [MSEK] 23.7 23.7 23.7 

Electricity value [MSEK] 56.5 50.1 43.8 

Payback time [years] 10 11 13 

Internal rate of return [%] 8.3 7.0 5.7 

8.8.4 SENSITIVITY ANALYSIS OF THE ECONOMIC FEASIBILITY ASSESSMENT 

As a number of cost components were excluded from the cost assessment due to lack of 

knowledge of the size of these costs, a sensitivity analysis was conducted for simulation 

scenario 1 in order to see what impact an increased cost could have on the economic 

feasibility. This was done by increasing the total investment cost to 125 % and 150 % of 

the default cost. Further on, an assumption in the economic feasibility assessment was that 

the price of electricity and electricity certificates will increase with 2 % per year due to 

inflation. However, the electricity price can change because of other reasons besides 

inflation; e.g. due to possible increasing prices on fossil fuels or a deregulated European 

electricity market. To see how this can affect the assessment results, the increase of the 

electricity and certificate price was adjusted to both 0 % per year and 4 % per year in this 

sensitivity analysis. 

While several options of electricity utilisation have been presented in earlier calculations, 

this sensitivity analysis only considers two of the options; when either Region Gotland or 

a community solar utilises the entire electricity production to offset its own electricity 

consumption. These two options were chosen for the sensitivity analysis since they have 

shown the highest economic feasibility in terms of payback time and internal rate of 

return. The results from the sensitivity analysis are presented in Table 17. 
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Table 17. The payback time and the internal rate of return if a community solar or Region Gotland makes an 
investment in a PV system according to scenario 1, in order to offset consumed electricity. The total 
investment cost and the price of electricity and certificates are adjusted from the default values used in the 
economic feasibility assessment. The adjusted values are marked in bold. 

  Community solar Region Gotland 

Default cost,   default electricity value 10 years  8.3 % 12 years 6.1 % 

125 % cost,    default electricity value 13 years  5.8 % 15 years 3.8 % 

150 % cost,     default electricity value 15 years  4.0 % 19 years 2.2 % 

Default cost,   default electricity value 10 years  8.3 % 12 years 6.1 % 

Default cost,   0 %/year annual increase of 

electricity and certificate price 

11 years  6.7 % 14 years 4.6 % 

Default cost,   4 %/year increase of electricity 

and certificate price 

10 years  9.8 % 11 years 7.6 % 

8.9 ANALYSIS OF FEASIBILITY ASSESSMENT 

In the feasibility assessment performed in this study, Visby landfill was proven suitable for 

an installation of a solar PV system. The site is advantageous in a solar landfill context 

since it will not require any extensive site preparation; neither in the form of grading or 

clearing the site nor in the form of removing objects in the surroundings which can shade 

the PV system. When considering the solar landfill project from a legal perspective, the 

only barrier for this project could be the issue with reflecting light towards the approach 

path to Visby airport. This could be handled though by turning the modules to a slightly 

different cardinal, but as mentioned, should be investigated more thoroughly. 

Regarding the simulations in general it can be mentioned that the result is not more 

reliable than the input data and the simulation program itself. Starting with the 

fundamental input data which consists of climate data, it was collected from a source 

provided by the European commission and thereby seen as credible. Furthermore, certain 

configuration parameters for the PV system, such as the orientation and the fixed tilt 

angle, were chosen by using PVsyst’s own optimisation functions. These parameters have 

also been checked and confirmed with sources provided through the literature review and 

through interviews. Assumptions have also been made. In order to simplify the 

degradation rate for each of the PV module types featured in the simulation scenarios, the 

degradation was calculated linearly for all the PV module types even though the 

guarantees for a number of the modules featured a non-linear guarantee over the 25 year 

life time. However, this is not expected to affect the result extensively. 

In general, the results from the performance simulations correspond well to the literature 

processed in this study. For example, the tracking system had a higher performance ratio 

than the fixed tilt systems and significantly less installed capacity fitted on the 2 hectares. 

Furthermore, the literature stated it to be inappropriate to install a PV system with a 
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tracking device on a landfill site. Additionally, the easy maintenance, which is a main 

advantage with a PV system, gets partly lost by adding moving parts, which a tracking 

system does. Because of the disadvantages stated above, a tracking system was by many 

reasons not seen as a preferable option for Visby landfill. 

As further stated in the literature, the thin film modules in the performance assessment 

provided a lower performance ratio than the crystalline silicon modules. Although the 

literature suggests that thin film modules are cheaper than crystalline silicon modules, the 

price per Wp and the price per kWh was slightly higher for the thin film system than for 

the crystalline silicon systems. This can be due to the exceptionally high efficiency of the 

thin film modules chosen by the contractor. While the quality of neither the PV modules 

nor any other system components were analysed in this feasibility analysis, besides by 

taking the guarantee of the PV modules into account, the quality can be important to 

consider. For instance, parameters such as degradation rate, system life time, and 

operation and maintenance costs will depend on the quality of the components. A PV 

system of good quality has the potential of a longer life time, thus generating incomes in a 

longer time frame which can increase the economic feasibility significantly. 

Regarding the economic feasibility assessment for the different options to utilise the 

produced electricity, the first presented option where all of the electricity is sold to the 

supplier GEAB is the least economic feasible option. Additionally, a grid connected system 

which provides large amounts of electricity to the grid is not currently allowed to be 

installed due to the limited capacity in Gotland’s electricity grid. This will likely be 

allowed though, when the new electricity transmission cable to the mainland is installed 

by 2018. However, due to the limited return on the investment the motive behind such a 

project should not be focused on the profitability, but rather other drivers such as 

strengthening the owner’s environmental profile. The project can also be seen as a 

demonstration project where the new concept of solar landfills is tested. In that case, the 

size of the installation can be scaled down in order to lower the investment cost.  

While the option of selling all the electricity to a supplier resulted in a poor economic 

feasibility, the possibility to utilise the electricity to offset consumed electricity was 

shown to enable more sound investments. An example of this was presented in the second 

option, where Region Gotland is assumed to own the PV system and use as much of it as 

possible in e.g. the company’s water pump stations. This option led to a payback time of 

12 years and an internal rate of return of 6.1 %, which represents an investment that 

definitely can be considered profitable enough for a municipal company like Region 

Gotland. Further motivation for Region Gotland to invest in a solar landfill project is the 

good publicity that can be gained from such a project. Regarding the offsetting of 

electricity, others of Region Gotland’s electricity consuming activities can also be 
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considered to use the produced electricity, but the pump stations provided a good example 

since one of the stations is situated in close proximity to Visby landfill site. To offset a 

company’s own electricity consumption could also be done by other actors, but Region 

Gotland was chosen in this study since the municipal company owns the landfill site and 

therefore can be considered as natural owners of the PV system.  

An even more economically feasible investment can be achieved if a community solar 

runs and utilises the produced electricity to offset electricity consumption in the 

community members’ residences. In the case where 100 % of the electricity was assumed 

to offset the members’ consumption, the attractively short payback time of 10 years was 

calculated, featuring an internal rate of return of 8.3 %. The profitability of the 

investment was seen to decrease if large parts of the electricity had to be sold as excess 

electricity. This stresses the importance of dimensioning the PV system so as much of the 

produced electricity as possible can be used to offset consumed electricity.  While the tax 

reduction of 0.60 SEK per kWh potentially can increase the incomes from the excess 

electricity, it is uncertain whether the tax reduction will be applicable for a community 

solar due to the fact that it requires input and output of electricity in the same tie-in 

point. 

Furthermore, to realise a community solar enough of members must be willing to join the 

community. In order for the members to be considered as micro producers and thereby 

enabling tax exempt electricity production, each member must consume more electricity 

than it produces on a yearly basis, and thereby mainly be an electricity consumer. 

Additionally, they must annually sell electricity for less than 30 000 SEK. In order to 

ensure that each member mainly is a consumer on a yearly basis, 54 community members 

which each has an annual electricity consumption of 60 000 kWh are required to cover 

the full annual production of 1 611 MWh from the PV system. That is, each member is 

then allowed to sell 30 000 kWh per year and still being considered a micro producer. 

However, such a scenario is not likely to occur since a share of the electricity will be used 

in the residence and therefore not be injected to the grid. The number of community 

members are most likely to be higher though, since the average annual electricity 

consumption of a private house is in the magnitude of 10 000 kWh. With this electricity 

consumption, which gives the possibility to sell 5 000 kWh of electricity, 323 community 

members are needed. 323 community members result in an individual investment cost of 

73 000 SEK. To reduce the individual investment cost further, more members must join 

the community. Regarding the limitation of not being allowed to sell electricity for more 

than 30 000 SEK per year as a micro producer, this limitation will be abundant in relation 

to the restriction of mainly being a consumer on a yearly basis. That is, the limit which 

states that the micro producer must buy more electricity than it sells restricts the 
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electricity sales more strict than the limit of not being allowed to sell electricity for more 

than 30 000 SEK per year does, considering today’s electricity price and the electricity 

consumption of an average electricity customer. 

A community solar with micro producers also comes with the benefit of having a greater 

opportunity to connect to the grid, since GEAB has reserved some grid capacity for micro 

producers. However, it shall be noted that GEAB potentially has the legal rights to deny 

such an arrangement as well20. Additionally, a community solar featuring micro producer 

members provides a wise choice for the future, as the government can be seen to address 

many of the economic incentives and policies toward micro producers. 

Regarding the options which include offsetting of consumed electricity, it was seen that 

further details must be discussed with GEAB in order to determine if such arrangements 

are allowed to be connected to the grid. Furthermore, since GEAB will be the actor which 

will administrate the offsetting of the consumed electricity, both as the electricity supplier 

and the grid operator, it must be confirmed with GEAB that such offsetting is possible. It 

shall also be mentioned that for all of the assessed options of utilising the electricity, it 

could be interesting to analyse the feasibility of the investment if the electricity was sold 

to an electricity supplier which offers a higher price for the electricity than GEAB offers. 

However, since GEAB offers a price in the same magnitude as many other electricity 

suppliers currently do, i.e. the spot price on Nord pool minus an administrative fee, GEAB 

was considered as a representative choice. 

A case which was not investigated in the economic feasibility assessment was to use the 

electricity from the PV system behind the meter in a consuming activity at the site. This 

can potentially be an economically feasible solution if there are enough electricity 

consuming activities on site, and costs and issues linked to grid connection can be avoided. 

The possibility to use the electricity at the site can also avoid problems which might arise 

from the uncertainties surrounding the energy tax issue and the possibility to offset 

electricity in other tie-in points. However, a behind the meter installation was not 

deemed possible in the case of Visby landfill. Furthermore regarding the tie-in point for 

the PV system, a grid connection solution which can be used to connect a centralised PV 

system to the grid, despite GEAB’s grid capacity restriction, is to install the PV system in 

proximity to a connection point which already has been granted permission to inject a 

certain amount of power to the grid. Such connection points can e.g. be the transformer of 

an existing production plant. This solution can also eliminate grid connection costs for the 

project. Unfortunately, no such connection was identified in the proximity to Visby 

landfill in this study. 

                                                 
20 Law SFS 1997:857, Chapter 3, 6 §. 
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Regarding the cost of the project; costs for grid connection, grid feed-in, land, a new set of 

inverters, insurance premiums and property taxes were excluded. While all these costs 

won’t be present in all the scenarios, for example since micro producers are excluded from 

the grid feed-in charge21 and since insurances might not be necessary, the excluded costs 

can potentially lead to a slight underestimation of the total project cost. In addition, in the 

case where a loan is needed to fund the investment increased costs will occur. On the 

other hand, the PV system has not been assumed to have any value as the lifetime of 25 

years expires. This may not be the case, as many components of the PV system probably 

will function well after 25 years of service. They can therefore be used to generate extra 

electricity, or be sold and thereby return money to the investor. This might compensate 

for the excluded costs. Finally, the governmental investment grant of a maximum of 1.2 

MSEK was not included in the investment calculation. This can additionally compensate 

the excluded costs. In either way, the sensitivity analysis showed that a project featuring 

125 % or 150 % of the calculated cost also can enable a decent investment, especially if it 

is owned by a community solar. As the sensitivity analysis also showed, the future trends 

of the electricity and certificate price will play a considerable role in the economic 

feasibility of the project. While increasing electricity and certificate prices will lead to yet 

more attractive investment calculations, even a trend where the price does not increase at 

all during the PV systems life time will still enable a sound investment. 

While the feasibility assessment was conducted by the guiding principle that the full 

available area of 2 hectares should be utilised by the PV system, it must be remembered 

that a mostly critical factor to consider in the investment decision of a PV system is the 

budget which the investor is ready to invest in the project. With a total investment of 

nearly 24 MSEK for scenario 1, the project represents a significant investment for most 

actors. Therefore, the option to down-scale the investment can also be considered in order 

to fit the project into the available project budget. However, if a smaller PV system is 

planned to be installed, the costs per Wp can be expected to increase due to the reduced 

economies of scale. The size of the PV system can also be extended. This can for example 

be an option when the new electricity transmission cable is being installed by 2018 since 

the whole Visby landfill is planned to be finally capped by then, thus enabling a larger PV 

project. This could also open up spaces more suitable for geomembranes with integrated 

thin film solar cells. 

 

                                                 
21 Law SFS 1997:857, Chapter 4, 10 §. 
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9 UP-SCALING OF FEASIBILITY ASSESSMENT 
In order to investigate a wide implementation of the solar landfill concept, an up-scaling 

of the feasibility assessment on Visby landfill was done. In this chapter, all the feasible 

landfills on Gotland are presented along with a performance assessment of the 

implementation of PV systems on these landfills. Finally an analysis of the up-scaled 

feasibility assessment is presented. 

9.1 FEASIBLE LANDFILLS ON GOTLAND 

Gotland has about 50 documented landfills, but not all of them are suited for a solar 

landfill application (Region Gotland 2013b). With assistance from Region Gotland eight 

landfills were selected, which all feature large open areas and thereby are well suited for a 

solar PV installation. A description of the chosen landfills can be seen in Table 18. All of 

the landfills contain municipal solid waste and some also contain industry waste and 

hazardous waste. 

Table 18. Name, area, height and operating years of landfills on Gotland suitable for a solar PV installation. 

Name of landfill Area [m2] Height [m] Operating years 

Burgsvik 4 000 3 1953-1974 

Bunge 7 500 2 1957-1971 

Etelhem 22 000 6 1952-1996 

Havdhem 35 000 4 1952-1999 

Roma 28 125 6 1953-1993 

Visby 20 000 30 1950-1999 

Väte 6 000 2-3 1989-1998 

Östergarn 150 000 1-2 1954-1974 

 = 272 625   

Since Visby landfill has been conducted to suit well for a solar PV installation, this should 

also be the fact for the other landfills listed in the above table. This is for example because 

of the fact that it is no other landfill which was in operation more recent than Visby 

landfill. The other landfills also have a less height, thus settling will probably not appear 

in the same extent as for Visby landfill. 

9.2 PERFORMANCE ASSESSMENT 

By installing the PV system in scenario 1 on all available area summarised in Table 18 this 

corresponds to an installed capacity of 21.1 MWp and an annual electricity production of 

22.0 GWh. This can be put in relation to Gotland’s annual electricity consumption, which 

in 2012 was 873 GWh (Regionförbundet Sörmland 2014). Consequently, 2.5 % of the 

island’s electricity consumption can be provided by renewable, independent electricity 
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production from solar landfills on the island. Furthermore, since Gotland’s energy and 

climate targets says that solar electricity production should increase with 19.5 GWh from 

2010 to 2020, a wide implementation of the solar landfill concept on Gotland in the 

coming years can be a solution to reach this target. 

9.3 ANALYSIS OF THE UP-SCALED FEASIBILITY ASSESSMENT 

To generalise the feasibility assessment and scale it up on a regional level is followed with 

several uncertainties since the other landfills preferable for a PV installation might feature 

characteristics which differ from Visby landfill. There might be a need for land 

preparation, the landfills might lack accessibility in the form of roads, and the landfills 

might be located far from tie-in points or electricity consuming activities. The landfills 

might also be shaded more than Visby landfill. All these facts can difficult and increase 

the investment cost of a solar landfill project. The different characteristics of the landfill 

sites can also result in the need to use other technologies than those suggested in the 

feasibility assessment. There can also be an opportunity to use technologies which provide 

a more economically feasible solution. For instance, a landfill site which enables a driven 

pile mounting system can reduce the project cost. The differences between Gotland’s 

landfill sites could have been investigated more thoroughly but this was excluded from 

the study because of the study’s limited extent and the focus on the feasibility assessment. 

As of today, it can be difficult to realise this up-scaling if the electricity should be fed in to 

the grid, because of the electricity grid’s limited capacity. It is more likely that a wide 

implementation of the solar landfill concept on Gotland could be realised when the new 

transmission cable is in place by 2018. Furthermore, to install solar PV systems on eight 

landfills on Gotland is a large investment which could be split up by different actors. Since 

Region Gotland is the operator of the majority of the landfills and has an interest in 

owning and operate the solar PV installation at Visby landfill, it might be attractive for 

Region Gotland to invest in more solar PV. Advantageously is if the generated electricity 

can be used to electricity consuming activities on site. Region Gotland can also use the 

electricity to other facilities which they own. Other owners of a solar landfill could be 

communities, preferably already existing communities which are located in proximity to 

the landfill site. To own a part of a solar PV system which is located in the same village or 

city as the owner can be seen as more attractive than if there is a long distance to the PV 

system. Other actors which might be interested in owning a solar PV system at a landfill 

site are those with high electricity consumption in the summer, when the solar PV system 

produces the most electricity. Such actors are for example grocery stores. In general, large 

electricity consuming industries can be potential owners of a PV system, since a PV 

system investment can generate both self-produced electricity and good publicity. 
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10 DISCUSSION 
This chapter discusses the scope of this study in the form of building permit 

considerations, technical aspects and financial aspects regarding a solar landfill project. 

Finally the chapter discusses the dispersion of the solar landfill concept in Sweden. 

10.1 PERMITS FOR ESTABLISHING A SOLAR LANDFILL 

In Sweden it differs whether a building permit must be handed in for a ground mounted 

large-scale PV installation or not. On Gotland there is no need for a building permit but in 

large cities as Stockholm and Gothenburg it most likely is. As solar PV installations are 

getting more widespread the building permit considerations in municipalities where 

building permission is not needed might change in order for the municipality to have 

control over future installations of PV systems. Furthermore, because of the limited 

amount of permits needed to establish a solar landfill the permit considerations does not 

seem like great issues in these projects. The eventual permits will also only bring small 

costs and the time delay the application for a permit could generate is no problem if the 

project is well planned. 

10.2 TECHNICAL ASPECTS OF SOLAR LANDFILLS 

Technical aspects are not a great issue in a solar landfill project since conventional PV 

system components can be used. Furthermore, the large open area often provided by a 

landfill site enables the PV system to be designed optimally, regarding factors such as row 

spacing and tilt angle, thus avoiding compromises in the system design due to a limited 

area.  Among the conventional mounting systems, ballasted systems constitute a simple 

design solution for avoiding ground penetration and therefore can be used at closed 

landfill sites. The disadvantages with ballasted systems though are their weight which can 

stimulate settling and their risk of breaking due to the settlements. In the case of a thick 

capping layer, ground penetration can be allowed on the landfill site and driven pile 

foundations can be used. In the future, different PV system technologies which are 

customised for the solar landfill concept can facilitate such projects. An example of an 

emerging customised technology is thin film cells attached to a geomembrane. While this 

technology exists in a few projects today, it is not well established on the market yet. 

Furthermore, if comparing thin film modules to the more conventional crystalline silicon 

modules they show several advantages in a solar landfill context. Thin film modules are in 

general lighter than crystalline silicon and thus enable mounting on landfills with limited 

bearing capacity, they enable for different mounting system designs and flexible thin film 

modules are resistant to settling. These properties make thin film modules the preferable 

solar cell technology to use in a solar landfill context if only considering the technical 

aspects. Advantageous for crystalline silicon modules though are their higher efficiency 
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and lower cost per power output, which makes these cells preferable considering the 

financial aspects. The fact that crystalline silicon modules are more economically feasible 

than thin film modules can change in the future though, if thin film modules will become 

more cost-efficient. Additionally, since landfill sites often provide large areas it should not 

be a significant issue that thin film modules produce less electricity per area unit. Thin 

film cells have also been seen on the majority of solar landfill projects around the world 

and can be expected to have an increased market share also in Sweden in the future. 

Swedish solar PV projects almost exclusively use crystalline silicon cells but on the other 

hand, this study has not identified any solar PV systems on landfills in operation in 

Sweden yet. 

Regarding the landfill sites, detailed documentation of the landfill’s characteristics can 

facilitate appropriate technology choices. That is, information concerning the landfill’s 

age, waste fractions, capping materials and landfill gas development can enable accurate 

predictions of the future settlement pattern, which should be considered in the PV 

component selection and design of a solar landfill. While many of the Swedish landfills in 

operation today probably have not been documented thoroughly, since many of them 

were in operation before strict landfill management regulations came into force, such 

documentation is likely to be improved in the future.  

To facilitate for a large-scale solar PV system, Swedish grid owners may need enhanced 

knowledge regarding the connection of PV systems to the grid. This has been indicated in 

the feasibility assessment and also by experience in Swedish solar PV projects. The 

knowledge will probably come with increased development of large-scale solar PV 

systems in Sweden. Furthermore, solar PV systems’ influence on the electricity grid and 

power quality should be investigated more thoroughly. 

10.3 FINANCIAL ASPECTS OF SOLAR LANDFILLS 

The most challenging aspect for Swedish solar landfill projects has in this study shown to 

be the economic feasibility. It is important to point out though, that the economic 

feasibility is not especially problematic for a solar landfill project in particular, but rather 

a challenge for Swedish PV projects in general. This is due to the relatively low electricity 

price in Sweden and the lack of policies which support the PV business to the extent 

which today is needed in order for PV technology to reach grid parity. While there are 

policies in place in Sweden which support the diffusion of PV technology, such as the 

investment grant program, the electricity certificate system, the EU emission trading 

system and the guarantees of origin, these policies have not yet provided enough support 

to enable a large-scale diffusion of the technology. Accordingly, improved support for PV 

technology is needed. The Swedish Society for Nature Conservation, 
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Naturskyddsföreningen (2013), blames the small production of electricity from PV on the 

lack of national targets and plans regarding solar PV, in combination with weak support 

mechanisms. To solve this problem Naturskyddsföreningen suggests a target for electricity 

from solar PV of 4 TWh until 2030 compared to the current production of 0.019 TWh, to 

establish net metering on an annual basis and to increase and prolong the investment 

support. 

As Naturvårdsverket indicates, the investment grant program offers a limited amount of 

support to a solar PV project, especially if the project is of the size investigated in this 

study. Considering the 23.7 MSEK investment which represented scenario 1 in the 

feasibility assessment, the maximum investment support of 1.2 MSEK from the grant 

program accounts for only 5 % of the total investment, while smaller PV systems can 

receive support for 35 % of the total investment. To include larger PV systems, the design 

of the investment support could be changed and the size extended. Such changes can 

come into effect in a near future, depending on the results of the general election in 

Sweden in September 2014. One of the parliamentary parties, Vänsterpartiet, suggests that 

the investment support for the period 2014-2016 is extended from 150 to 250 MSEK, 

according to motion 2013/14:N222. Vänsterpartiet also suggests that the support should 

cover half of the investment compared to the current 35 %. However, as the point of 

using a technology-neutral instrument such as the electricity certificate system is to 

promote cost-effective investments, the presence of additional policies like the investment 

grant program can be questioned since it gives an advantage for PV technology over other 

renewable energy technologies. Therefore, the future of the investment grant program is 

uncertain on many levels and the eventual support from the program in future PV 

projects should preferably only be seen as a bonus. 

Regarding the electricity certificate system, it has as of today not offered support in the 

same magnitude as the feed-in tariffs have offered in e.g. Germany, where this policy 

instrument has led to a large boost in PV system installations. On the other hand, the 

feed-in tariffs in Germany have been criticised for being too generous, cost-ineffective 

and leading to too high electricity price increases. With respect to such aspects, the 

Swedish-Norwegian electricity certificate system seems to be the preferable choice. 

Considering the future for the electricity certificate system, the increase of the quota 

obligations which has been suggested by Energimyndigheten can potentially affect the 

future market price of electricity certificates. Most likely, the increased demand on the 

electricity certificates will lead to an increased market price, thereby increasing the 

incomes for producers of renewable power who sell electricity certificates. 

As for the EU emission trading system, the economic feasibility of a solar PV project can 

be affected in two ways; either by generating costs due to the obligation to buy emission 
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allowances (only applicable for plants larger than 20 MW), or by affecting the price of 

electricity. Since system sizes larger than 20 MW are not likely to be installed in the early 

stages of the solar landfill concept in Sweden, the obligation to buy emission allowances 

will not hamper the economic feasibility of such projects in a near future. Instead, as the 

cap for the emission allowances continuously will be reduced until the current trading 

period is over in 2020, it can be expected that the EU emission trading system will bring 

an increased electricity price, which will benefit the feasibility of PV system projects. 

Considering the system for guarantees of origin, as of today this policy instrument only 

offers a small compensation for electricity produced from solar energy. However, the 

instrument has the potential of facilitating PV projects in a larger extent in the future. If 

solar energy will be increasingly demanded by the Swedish electricity consumers, which 

likely will occur as a step in the environmental awakening that currently is taking place 

on both a national and global scale, the prices of the guarantees of origin can be expected 

to increase as well. Hopefully, this can lead to a more significant economic support for PV 

projects such as solar landfills in a not too distant future. 

Regarding the proposed tax reduction for micro producers, this can be seen as a step 

forward in the path towards a more renewable electricity mix. However, there are still 

many stakeholders who do not agree on the choice of a tax reduction instead of a net 

metering policy. Such opinions are for example expressed by Energimyndigheten, the 

Swedish renewable energy association SERO, the technical research institute of Sweden 

SP and Naturskyddsföreningen22. These opinions are also shared by the opposing parties in 

the Swedish parliament. In motion 2013/14:Sk9, members of Miljöpartiet criticised the 

proposed tax reduction of being unnecessarily complicated. The party advocates a net 

metering policy which makes it easier and more reliable for a household to make an 

investment in a PV system, and which also include community owned PV systems. In 

addition, both Socialdemokraterna and Vänsterpartiet show support for a net metering 

policy in motions 2013/14:Sk11 and 2013/14:Sk10 respectively. These parties stress the 

fact that not only house owners should be included in such a system, but also residents in 

apartments who can join a community solar. That is, a virtual net metering policy is 

needed. 

By implementing a virtual net metering policy which includes community solars, the 

installation of PV systems on preferred geographic locations would be facilitated; thus 

enhancing the performance of the PV system and the cost-efficiency of the electricity 

production.  Such a policy would also make an investment in self-produced electricity 

more accessible for the average citizen; thereby not only supporting house owners who 

                                                 
22 Government Bill 2013/14:151. 
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have a roof facing south and who are willing to commit to the efforts which an 

installation of a PV system brings. Consequently, what can be said about this debate is 

that even though the tax reduction might enter into force on the 1st of July 2014, the 

debate about a net metering system will probably still be discussed. 

Besides economic incentives offered by policies, aspects which were identified as 

important parameters in the economic feasibility analysis were the possibility to offset 

electricity consumption with the produced electricity and the obligation to pay energy 

tax. As of today, unclear and unfavourable conditions exist regarding the possibilities to 

offset consumption with self-produced electricity. While the legal text does not explicitly 

mention any offsetting possibilities, such arrangements are practiced by e.g. wind 

communities and housing associations, and Skatteverket has also approved such 

arrangements. However, according to Skatteverket, today’s legislation only allows 

offsetting on an hourly basis.  As the economic feasibility assessment indicated, the 

possibility to offset consumption is vital in order to obtain a value for the produced 

electricity which can enable an economically viable investment. By extending the time 

period in which electricity can be offset, the consumption and production of electricity 

could be matched in a better way, thus enabling a better investment. In addition, 

ambiguities surround the issue concerning tax obligation of produced electricity. To 

interpret if the electricity production will be considered as “commercial”, and thereby tax 

obliged, depends on several aspects which all must be accounted for in order to enable an 

interpretation for a specific case. These ambiguities bring risks and uncertainties to the 

economic assessment of PV projects and might complicate the feasibility assessment of 

such projects. Therefore, it is desirable that the government as soon as possible clarifies 

the regulations surrounding offsetting possibilities and tax obligation of electricity. 

Hopefully, this is done through the implementation of a virtual net metering policy which 

enables offsetting of consumption on a yearly basis and which enables self-produced 

electricity to be tax exempt. Instead of only offering such a policy to micro producers, it 

can also be favourable to allow larger producers to take part of such a policy if a strong 

shift towards renewable energy sources in a distributed and self-supplying electricity 

system is the ambition.  

What finally can be said about the legislation regarding energy tax is that the suggestion 

mentioned in the Governmental Official Report 2013:46, which limits non-commercial 

electricity produced from PV technology to be tax exempt up to a maximum of 450 kW, 

can reduce the economic feasibility for large non-commercial PV systems. For instance, 

this can potentially affect large community solar PV systems. However, since this 

suggestion was left out as the other suggestions in the report proceeded during the spring 

of 2014, it is unclear whether the suggestion will come into force. 
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While the issues related to the energy tax have been addressed in this study, less focus has 

been addressed to the impact which the VAT might have on the economic feasibility. It 

can briefly be mentioned that the possibility for a VAT registered business activity to 

offset the VAT paid for a purchased PV system can reduce the investment cost. Regarding 

the price components which determine the value of electricity, it has not been fully 

outlined whether the prices include or exclude VAT. It can therefore be necessary to 

further investigate the VAT’s impact if a more detailed economic calculation is needed. 

Regarding the motives behind Swedish solar landfill projects, it should be mentioned that 

other drivers besides the desire to make a profit have been identified. At Skedala landfill 

in Halmstad for example, the local energy company which also owns the planned solar 

landfill are planning to realise this project since they want to invest in renewable energy 

projects (Björkman 2014). Additionally, the upcoming Swedish general election in 

September of 2014 has been a contributing factor to put finances in renewable electricity 

production since the local energy company is partly ruled by politicians. The planned 

solar landfill project at the landfill site Filbornatippen in Helsingborg is also managed by 

the local energy company (Fälth 2014). They see it as good publicity to invest in solar PV 

modules, and therefore see it as an important aspect that the PV installation is displayed 

for the local inhabitants. 

To establish a solar landfill in order to get good publicity have also been noted in the solar 

landfill project at Malagrotta landfill in Italy. Remarkable for this case was that the 

manager of the landfill have been arrested and been accused for illegal waste management 

(AFP 2014). Therefore, this solar landfill project can be seen as an intention to cover the 

illegal business the manager had run. Hopefully, examples like this are not representable 

for other solar landfill projects. 

10.4 DISPERSION OF THE SOLAR LANDFILL CONCEPT 

As it has been proven that a solar landfill project can be a feasible investment on Visby 

landfill, and that a regional up-scaling of a solar landfill initiative strongly can contribute 

to the regional energy goals on the island of Gotland, it is also interesting to discuss which 

factors that further can facilitate the dispersion of the solar landfill concept. 

It can first be said that this study has shown that the feasibility of solar landfill projects do 

not in any significant extent differ from the feasibility of any other ground mounted PV 

system installation in Sweden. While the legal and technical aspects mentioned in this 

study definitely should be considered for each solar landfill project, it is not probable that 

such aspects will hinder the dispersion of the concept. Instead, it is the economic aspects 

which bring the largest challenge to such a project, just like the economic aspects do for 

any other PV project in Sweden today. 
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Further on, if discussing the generalisability of the study and the dispersion of the concept 

on a scale beyond a regional level, it can be seen that policies and regulations which have 

been found to affect the concept the most, such as economic incentives and legislation, are 

in effect on a national level. This implies that the concept in general faces the same 

conditions in the whole country of Sweden, when it comes to its possibility to disperse. 

However, it has been seen that the possibilities to establish a grid connection and to 

receive a building permission are factors which differ on a regional level, thus making a 

solar landfill project more feasible in certain locations in the country. Furthermore, the 

crucial parameter of incoming solar irradiation definitely varies throughout Sweden, 

thereby providing landfill sites located in the southern parts of Sweden with advantageous 

conditions for an economically feasible solar landfill deployment. 

Moreover the incoming solar irradiation in Sweden, especially in the southern parts, can 

be argued to be on a sufficient level. The south of Sweden has the same incoming solar 

irradiation as large parts of Germany, where solar PV systems have successfully and 

largely been implemented. What also can facilitate the implementation of more solar PV 

in Sweden, as seen in the literature, is the exceptionally low degradation rate of PV 

modules seen in geographic regions featuring a cool climate. Additionally, the closing of 

landfill sites caused by the strict EU legislation is enabling more area for solar landfills. 

The increased demand of land though could complicate for the dispersion of solar landfill 

projects, especially in areas with a dense population. These areas might also be planned 

which could favour certain after-uses for landfill sites. 

For a specific after-use of a landfill site to be implemented, it is most likely to be done if 

the after-use can be implemented together with other applications. This is the fact for 

solar landfills and can facilitate the dispersion of the concept. For example, landfill gas can 

be extracted on a solar landfill site, even though great cautious must be taken since PV 

cells close to the landfill gas facility can be an explosive hazard. Sheep and goats can also 

use the area for grazing if the PV modules are installed on a distance to the ground so the 

animals cannot reach sensitive PV system components. In addition, after the post-

treatment period, which is roughly the same as the life time of PV modules, landfill 

mining can be performed. There is no more landfill gas to extract at that time and the PV 

modules are not usable, then the content of the landfill can be dug up in order to take care 

of valuable metals and to try to restore the environment. This would from an 

environmental point of view be the best thing to do in order to close the cycle of the 

landfill. The cost effectiveness of these actions can be questioned, partly because the 

mounting system and other components of the PV system can still be usable and partly 

because it is expensive to dig up the content of a landfill. The PV components though can 

quite easily be moved if they are still usable and landfill mining is becoming more and 
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more attractive because of the scarcity of metals, so in the future this should certainly be a 

viable option. 
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11 CONCLUSIONS 
This study has investigated the solar landfill concept in a Swedish setting from a legal, 

technical and financial point of view. It can be concluded that a solar PV installation on a 

closed landfill in Sweden can be a feasible project. 

Regarding the legal aspects surrounding a solar landfill project, an inconsistency exists 

between Swedish municipalities concerning the need of a building permit for such a 

project. While some municipalities demand a building permit, others do not. Moreover, 

despite that a closed landfill is often classified as an environmentally hazardous activity, 

no additional permits must be handed in. It is therefore not likely that legal aspects 

regarding permission of installing a PV system on a closed landfill will hinder a solar 

landfill project. 

Regarding the technical aspects of a solar landfill project, the choice of mounting system 

must be carefully considered for the specific landfill site, in order take settlement and cap 

penetration concerns into account. Among the conventional mounting system options, a 

ballasted mounting system avoids ground penetration at the cost of extra weight which 

can stimulate settlement and cause breakage, while a driven pile mounting system features 

a lower weight at the expense of ground penetration. Since each landfill site features 

different depths of capping material above the linear barrier, and different magnitude of 

settlement, the choice between these two mounting systems must be made by 

investigating the specific site. Furthermore, to use a fixed tilt system rather than a sun 

tracking system was concluded to be most suitable in a solar landfill context, because of 

the sensitivity to settling and the heavier construction of the latter choice. Regarding the 

choice of PV modules, thin film modules generally feature a lower weight which reduces 

the risk of settlement in comparison to crystalline silicon modules. This makes thin film 

more suitable for landfills featuring a limited bearing capacity. Taking all of these 

considerations into account, the most feasible option presented in the feasibility 

assessment of a PV system at Visby landfill was designed with a fixed tilt ballasted 

mounting system and crystalline silicon modules. In this case, the landfill’s relatively high 

bearing capacity enabled the use of the slightly heavier crystalline PV modules, but a 

penetration limitation called for the use of a ballasted mounting system. 

In order to enable an economically feasible solar landfill investment, it is vital that the 

produced electricity can be used to offset otherwise consumption, thereby generating a 

high value for the produced electricity. This can be achieved by a wise choice of owning 

and financing structure where the electricity offsets consumption for a large consumer, 

e.g. an industry or a grocery store, or for a number of residences in a community solar. 

Furthermore, the economic feasibility heavily depends on the projects possibility to reap 
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policy incentives and tax exemptions. Examples of how an economically feasible solar 

landfill project can be conducted have been prepared for Visby landfill. It was shown that 

a PV system, which produces electricity that is utilised by Region Gotland, would 

represent an investment with a payback time of 12 years and an internal rate of return of 

6.1 %. Furthermore, in the case where a community solar utilises the electricity, an even 

more profitable investment can be made, featuring a payback time of 10 years and an 

internal rate of return of 8.3 %. 

Due to a movement in landfill management towards recycling and waste incineration, the 

closing of landfills in Sweden offers a large potential for solar landfill concepts in Sweden. 

In a regional assessment of the solar landfill potential on Gotland, it was shown that the 

island features 8 landfill sites which are suitable for solar PV system installations, and that 

an annual electricity production of 22 GWh is available from these solar landfills. This 

production would fulfil the region’s energy goal of increasing the PV electricity 

production with 19.5 GWh by 2020 compared to 2010. This indicates that the solar 

landfill concept has a significant potential of contributing to a shift towards a cleaner 

electricity production in a Swedish setting. 
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