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Abstract: 

Residential building sector accounts for significant share of primary energy demand in 
Sweden. Worldwide, generation from photovoltaic (PV) distributed energy resources is 
increasing, yet their potential in Sweden has been underdeveloped, in particular due to high 
system costs. Recent drop in module prices could however trigger more interest in such 
systems. In this thesis, the financial performance of residential PV plant utilizing the most 
recent data is carried out. The specific aim is to determine whether private investment into a 
PV system can be cost-effective.  

In the analysis, a grid-connected PV microgenerator with nominal power of 5.5 kWp, 34 m2 
of arrays and 6 kW inverter is assessed. Expected lifetime of the system is 25 years, where 
80% of the electricity output is self-consumed and 20% fed back to the main grid. Discount 
and escalation rates are utilized to calculate simple payback period, net present value, benefit-
cost ratio, cost of conserved energy and internal rate of return (IRR) of the investment. 
Further, a scenario analysis is worked out to determine the change in the microgeneratorôs 
performance outside of baseline set of parameters. The results are presented both under the 
default market conditions and with the inclusion of government support mechanisms. 

The PV plant did not financially perform well under the default conditions. State rebates and 
tax credit significantly enhanced the results and contributed to the cost-effectiveness of the 
investment. In the baseline scenario with government support, significant positive results in 
all the metrics used in the financial appraisal were yielded. The IRR also indicated that loans 
at various interest rates could be obtained to finance the PV system.  

The study emphasized the necessity of government support if a faster uptake of distributed 
PV systems is desired in Sweden. The results of this thesis can be utilized by potential 
investors (consumers) in their decision-making process, especially when they face an 
opportunity cost of investment.  

 

Keywords: Financial Appraisal, Distributed Energy Generation, Photovoltaics, Solar Energy, 
Microgeneration, Sustainable Development.   
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Summary: 

Does the Sun shine quite enough to consider installation of roof-mounted solar panels in 
Sweden? The experts say óyesô, and now more than ever, Swedes are intrigued by the 
possibility to produce their own electricity from the Sun. Reduced prices and the possibility 
to sell the excess electricity back to the energy trading companies thus present an interesting 
investment opportunity for consumers. This paper aimed to determine under which conditions 
such investment would be favorable. 

The photovoltaic (solar system generating electricity) plant was evaluated using standard 
tools for individual decision-making for a financial investment. The study concluded that 
government support in the form of state rebate and tax credits is necessary for the solar 
investment to perform well, financially. However, if the right price for the system is acquired 
and all incentives (both from the government and energy trading companies) are correctly 
used, the investment will yield a positive financial result. In addition, it has been highlighted 
that for consumers who do not possess enough capital to purchase the system upfront, loans 
at various interest rates can be obtained to finance the investment.  

Interestingly, electricity generation from the Sun might financially do even better in the near 
future. Worldwide, the price of such systems will presumably continue to drop down, while 
the electricity prices generally continue to increase. Although quite unintuitive, Sweden will 
probably be in the situation where consumers may generate significant financial benefits by 
equipping their roofs with solar panels.    
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1 Introduction 
 

ñIt is of course correct that eventually all energy will be renewable and the only question is 
how fast that happens. Fossil fuel will run out eventually,ò says Elon Musk, one of the most 
successful entrepreneurs in the clean-tech business (Musk Finance 2014). Not only the non-
renewable energy resources (NRES) will be depleted one day, but also increased awareness 
of the global climate change encourages critical rethinking in the way our society produces, 
delivers and consumes its energy.  This reevaluation is a part of broader concept of 
sustainable development, which aims to incorporate systemic thinking in the agenda and to 
harmonize the economic, social and environmental goals for both present and future 
generations.  

Global problems will often have to be solved at a local level. Renewable energy sources 
(RES) present one of the most promising solutions to tackle climate change in the energy 
industry and subsequently transportation. Yet the full realization of their potential will have 
to be country, region or municipality-specific due to their variability and applicability.  
Sweden is amongst the world leaders in renewable energy (RE) usage, however majority all 
of this energy production occurs on utility-scale level from hydro and wind energy resources. 
In addition, 95% of Swedenôs electricity is generated from non-fossil resources due to 
extensive use of nuclear power. Nevertheless, the energy business has been under a rapid 
change recently. Utilities all over the world, and especially in Europe, have repeatedly 
deemed construction of new large-scale conventional power plants as an economical suicide, 
which would have to be heavily subsidized by tax payersô money (Citigroup 2013, Germany 
Trade and Invest 2014, Vattenfall 2013).  

On the contrary, distributed energy resources (DER) present a more flexible, modular and 
therefore scalable and highly adaptable technology, usually located much closer to the load, 
reducing the effect of energy transmission losses. Their scalability enables even individual 
consumers to produce their own energy. One of these DER in particular, solar photovoltaics 
(PV), have been enjoying a rapid development and uptake over the last decade, and in the last 
years especially. Decentralized PV systems have for long been rendered as low-yielding, 
having high upfront capital costs and low cost-effectivity. The aforementioned has been 
especially valid in countries with lower solar irradiation, Sweden being one of them. While 
other reasons for DER uptake, such as independence from the main grid, decentralization and 
environmental considerations spurred minor uptake of photovoltaics and DER in general, 
recent price developments in the solar industry could present real a game-changer, which 
would quite redefine this reality.  

This study focuses on financial appraisal of solar PV for individual consumers (i.e. 
households) in Sweden. Previous works on similar topics showed a poor economic 
performance of solar systems in the country. The recent price developments on the solar 
module market could present a major shift in regards to the financial feasibility of such 
investment. Number of tools to assess the financial effectiveness of such investment are 
utilized, while other implications resulting from a possible wide-spread deployment of 
distributed PV are discussed from the perspective of energy trading and distributing 
companies.   
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1.1 Aims, objectives and structure 
 

The primary aim of this thesis is to perform a financial appraisal of distributed PV generation 
from an individual private perspective. The above is to be carried out both under default 
market conditions and further when current government support mechanisms are introduced. 
In addition, the calculated internal rate of return of the investment (IRR) is to be compared to 
various interest rates to identify under which circumstances a loan can be obtained to finance 
the system.   

The objective of the work is to analyze how a selected example of PV plant, specifically one 
with nominal power 5.5 kWp, performs in Swedenôs current financial context. Standard 
methods of financial appraisal are to be used, such as simple payback period, net present 
value, benefit-cost ratio, cost of conserved energy and the IRR. Enhancements to those 
methods, such as added time-value of money (TVM) to simple payback period or inclusion of 
electricity escalation rates are to be implemented in the thesis to further improve the precision 
of the analysis. The appraisal itself is to be worked out in four respective scenarios to 
appreciate the possible variations of parameters with important impact on the PV systemôs 
performance.   

The thesis structure follows accordingly to the below chapters; 

 Chapter 2. Background; presents the introduction to the concept of sustainable 
development, the term sustainable energy in the wider perspective of renewable 
energy sources and outlines the basics of distributed energy resources and their 
implications; 

 Chapter 3. Photovoltaics; describes the current developments on the PV market in 
global perspective and discusses the lifecycle attributes of solar energy generation. 
This is followed by description of the technology and estimation of incident irradiance 
levels, PV module efficiency and presumed energy yields; 

 Chapter 4. Photovoltaics in Sweden; outlays the specifics of the Swedish energy 
market with description of current government support mechanisms in respect to 
distributed energy generation. Furthermore, the uptake of PV systems is discussed on 
three different levels, individual, utility-scale and that one of a state; 

 Chapter 5. Methods; financial appraisal of distributed photovoltaic generation; 
outlines the theoretical underpinnings of the appraisal techniques used. Here, different 
sets of parameters for respective analysis scenarios are argued and presented and 
utilized rates (discount, escalation and interest) are established;  

 Chapter 6. Results of financial appraisal; presents the results obtained in respect to 
Chapter 5; 

 Chapter 7. Conclusion, discussion and recommendations; conclusion and future 
recommendations are laid out, including a general discussion on the limitations of the 
study, recommendations for further research and troublesome aspects of the data 
collection and use for the financial appraisal.  
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2 Background 
 

2.1 Sustainable development  
 

The term sustainable development (SD) enriched policy dictionaries after the publication of 
the Brundtland Commissionôs report on the global environment and development in 1987. 
This report first depicted development which is sustainable, as one, ñthat meets the needs of 
the present without compromising the ability of future generations to meet their own needsò 
(WCED 1987, p.47). This definition was a cornerstone for a wide variety of concepts which 
have begun to be incorporated in all spheres of the society.  

The triple bottom line (TBL), a term originally coined by Elkington in 1994, was brought out 
of necessity to expand the environmental-only agenda of sustainability and proposed a three 
pillar foundation of sustainable development ï economic, social and environmental 
(Elkington 2004, p.1). In order to achieve present and future sustainability, all these three 
pillars need to be in balance. Dominant focus on only one of them, as it has been for so long 
the case with economy, does not lead to sustainability and decisions are not based on 
systemic thinking which may lead to severe underappreciating of externalities. TBL also 
states that the interest of all key stakeholders (e.g. communities, employees, customers, 
suppliers), not only shareholders, should be taken into account (Norman and MacDonald 
2004, p.244). TBL and other important concepts of SD have been on agenda of policy 
makers, businessmen and women, experts and researchers.  

Nevertheless, to the same extent as any other theoretical concept, SD has and probably also 
always will have a range of interpretations. Daly and Townsend (1993) famously quoted the 
term sustainable development as a bad oxymoron ï being self-contradictory. Disruptive 
enough, two paradigms of SD ï óweak sustainabilityô and óstrong sustainabilityô - were 
introduced shortly after that to show different approaches to sustainability. Weak 
sustainability (WS) is based on the assumptions of neoclassical welfare economy, most 
notably on the ideas of Robert Solow and John Hartwick (Neumayer 2003, p.1). WS 
advocates believe that what matters for future generations is only the total aggregate of man-
made and natural capital, but not natural capital as such. The proponents of WS, loosely 
speaking, argue that we should not worry about the depletion of natural resources or 
greenhouse gas (GHG) emissions as long as we compensate for them. (Ibid.) Accordingly, 
natural capital is substitutable in its nature in the production of consumption goods as the 
direct provider of utility (i.e. it does not matter what, but how much). In opposition stands the 
strong sustainability (SS) theory, which is not as clearly defined as WS, nevertheless sees 
natural capital as non-substitutable. Victor (1991) as found in (Ekins et al. 2003, p.168) notes 
that there is a recognition in economics dating back to Marshallôs times that manufactured 
capital is fundamentally different from environmental resources. The former is human-made 
and its destruction is very rarely irreversible, whereas irreversibility in terms of natural 
capital (e.g. species extinction, resource depletion, climate change) is common. Moreover, 
because manufactured capital requires natural capital for its production, it can never be a 
complete replacement for natural resources (Ekins et al. 2003, p.169).  

Renewable energy is henceforth here referred to as a part of the SS as it relies on sources of 
natural capital which are replenishable (e.g. solar, wind, water, and bio-energy). Moreover, as 
triple bottom line concept shows the necessity to include systematic thinking in any analysis, 
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attributes of lifecycle data are used in the paper to evaluate the position of distributed 
photovoltaics (PV) in comparison to other energy generation technologies.  

 

2.2 Sustainable energy 
 

The general definition of sustainability and the concept of sustainable development have to 
be further defined in terms of energy and energy systems. Randolph (et al. 2008, p. 30) 
describes sustainable energy as, ñpatterns of energy production and use that can support 
societyôs present and future needs with the least life-cycle economic, environmental, and 
societal costs and consequences.ò Alanne and Sari (2006, in Harajli 2009, p.20) see the basic 
requirements of energy systems in availability and accessibility (i.e. power for everyone) and 
affordability, while ensuring that the power is clean, safe and reliable.  

Acres (2007) then expands the above in a hierarchical manner. The energy hierarchy 
advocates for the reduction in the energy use first, to be followed by energy efficiency gains 
and measures second, to relying on renewable energy sources third and finally on non-
renewable conventional energy sources under the best-available ócleanô and óefficientô 
conditions (Ibid.). Within this hierarchy, five principles for sustainable energy systems are 
proposed, namely, (i) zero net emissions of GHGs (i.e. no contribution to climate change); 
(ii) no significant environmental impacts (i.e. emissions stay within carrying capacity of the 
surroundings); (iii) enhances security of supply; (iv) reduces costs of energy supply and 
improves access to energy supply; and finally (v) harnesses renewable energy as much as 
possible (Ibid.).  

Following the logic of the above, much of the focus worldwide in terms of sustainable energy 
has been on consumer behavior, energy efficiency gains1 and wider deployment of renewable 
energy sources (RES). High energy prices and global fossil fuel subsidies - estimated to be at 
least USD 544 billion in 2012 (Renewable Energy Policy Network for the 21st Century 2014) 
- have reinforced the need for energy efficiency improvements and renewable energy (RE) 
generation, and have highlighted the added value potential through focus on both areas. 
According to the report, when energy efficiency and RES are employed in concert, they offer 
significant economic benefits and wide range of co-benefits, including climate change 
mitigation, health improvements (e.g. pollution associated with coal-fired power plants), 
energy accessibility and spur job creation (Ibid., p.84).  

A wide range of policies and measures have already been enacted to promote advanced 
energy savings. It is estimated that primary energy2 demand could be 7% lower in 2035 
(compared to current demand) than under a business-as-usual scenario (Ibid.). The majority 
of this savings would come from efficiency gains in end-uses combined with distributed 
energy generation (DEG). Building sector (which is of primary interest of this work) would 
be accounting for 26% of these savings, yet still having the greatest unrealized potential 
(Ibid). Hence Global Building Performance Network launched the ó1 Billion m2 of Positive 
Energy Buildingsô intervention in order to assist the transformational change in the building 

                                                             
1 Energy efficiency is regarded to as an energy gain, since saved energy can be used elsewhere. 
2 Primary energy is energy found in its natural form, not subjected to any forms of conversion. The category 
contains both non-renewable sources (e.g. raw fuels) and renewable sources in the form of input energy (e.g. 
solar, wind, hydro).  
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sector by shifting the concept of buildings as energy consumers to energy producers that can 
fully or partially meet their own energy needs (Ibid.). 

Much focus in regards to sustainable energy generation has been put on low- to zero-carbon 
technologies including nuclear power, carbon capture and storage and renewable energy 
technologies.3 In terms of electricity consumption, Branker (et al. 2011) argues that is it 
technically feasible for renewable energy technologies to replace the present fossil fuel 
electricity infrastructure. He gets support from Wid®n (2010, pp.21-22), who sees the 
pathway towards future energy sustainability in a óradical shift to a diversity of renewables in 
combination with energy efficiency.ô However, the barrier to more rapid and widespread 
deployment of RES on both centralized and decentralized level can be seen in their economic 
dimension. One of the worldôs largest financial organizations, Citigroup, quoted several 
reasons for the more expensive nature of RES in comparison to fossil fuels, namely, (i) scale 
of investment (into fossil technologies) resulted in mature industry and fossil energy 
commodities with low production costs; (ii) government subsidies of traditional industries 
have created uneven playing fields for renewables to compete; (iii) negative externalities of 
fossil-fuel production and consumption are difficult to monetize and frequently are not 
reflected in the price of traditional resources (Citigroup 2013). 

Furthermore, even if one assumes that RES will eventually overcome these barriers in a very 
near future, the question remains whether this transformation will have a top-down (i.e. 
centralized utility-scale generation) or bottom-up (decentralized generation) character. Harajli 
(2009, p.21) portrays the sustainable energy system characterized by publicly aware citizens 
with efficient use of energy, their behavioral change and a large share of two-way flow of 
energy where previous óconsumers onlyô become energy producers as well.  The sustainable 
energy system will therefore ñcontain different technologies and sizes, connected to both 
transmissions and the distribution networks which become in themselves óactiveôò (Mitchell 
2008) as found in Harajli (2009, p.21).   

 

2.3 Distributed energy resources 
 

An alternative, or perhaps a complementary to large central power stations, distributed energy 
resources (DER) conceptualize modular power plants located close to loads in order to fully 
or partially cover consumerôs own energy demand. DER can be obtained both utilizing RES 
and NRES and also include other interrelated concepts, such as, (i) demand-side management 
(DSM) ï programs to help customers reduce of shift their loads; (ii) electricity storage 
systems; and  potentially, (iii) vehicle-to-grid system in which cars can be both suppliers and 
users of power (Randolph et al. 2008, p.393). The most common examples of DEG from 
RES are photovoltaic plants, solar heating systems, photovoltaic thermal hybrid solar 
collectors, small-scale wind turbines, micro-combined heat and power, biomass fueled 
systems, and heat pumps. These systems are often called ómicrogeneratorsô and the Swedish 
government defines them as a low- or zero-carbon production units with maximum capacity 
of 43.5 kW and fuse subscription of maximum 100 amperes (Skatteverket 2015).  

                                                             
3 According to International Panel on Climate Change, in mitigation scenarios below 450 ppm CO2eq 
concentrations in 2100, CO2 emissions would have to decline over the coming decades and reach 90% below 
2010 levels between 2040 to 2070, and in many scenarios zero thereafter. They further note that the low CO2 
concentration can only be stabilized if emissions decline to zero, over long term. (IPCC 2014, p.555).  
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Distributed generators can be either connected to the main-grid or stand alone, completely 
self-sufficient, off-grid. Grid-connected distributed systems, which are of primary interest 
here, have number of advantages compared to the centralized installations as Arvizu (et al. 
2011) points out - distribution losses in the electricity network are reduced because the 
system is installed at the point of use4, extra land is not required for the system, and for 
photovoltaics the array itself can be used as a cladding or roofing material, as in building-
integrated PV. Microgenerators also challenge the current (producer -> consumer) supply-
demand model of electricity flows (one-way) and promote change towards a more bi-
directional model where consumers also become producers. Wid®n (2010, p.29) argues in 
similar manner when he points out that, ñlocalized, small-scale energy production has been 
seen as somewhat novel, however these solutions have been around since late 19th century 
(e.g. Danish windmills). It has been rather the connection of distributed energy producers into 
the main grid, which is built for one-way supply of power which is new.ò 

On the other hand, the inclusion of an array of various energy electricity production units 
from RES increases variability in the grid, which in cases of high penetration of 
microgenerators (or intermittent RES in general) into the grid may lead into brownouts or 
blackouts, due to grid overload. The necessity of energy storage and efficient batteries along 
with a combination of DSM and smart metering technologies have all been mentioned as a 
necessary prerequisite for high penetration of microgenerators from RES. Wid®n (2010, p.29) 
points out however, that distributed generation handles this problem by using the main grid as 
a óstorageô and that smart grid itself allows for high penetration of RES. 

Centre for Understanding Sustainable Practice (2011) stressed as of utmost importance that 
the installation of microgenerators is always accompanied with energy efficiency measures 
and smart metering which both enable the owners to access their energy use and reduce it 
where possible. In similar manner, Bergman (2009, p.21) notes the, ñincreased energy 
literacy of microgeneration usersò as a great added value for consumers, empowering them to 
engage in the debate with policy makers and distributors (i.e. energy providers).  

The fast-paced modern energy market opens-up space for various solutions in order to reduce 
(or shift) load demand, increase efficiency and lower the environmental impacts (in particular 
the GHG emissions) of energy generation. In times when commissioning of new large-scale 
centralized power plants is deemed not economically cost-effective in Europe, DER provide 
one of the most promising solutions. Not only they offer more flexibility in response to short-
term increase trend in energy demand, but these technologies also potentially reduce costs, 
increase reliability and provide an empowerment opportunity for previous consumers-only to 
become producers as well.   

  

                                                             
4 Transmission losses from centralized electricity generation are estimated at a rate of 7% in Sweden (The 
World Bank n.d.). If one accounts for the thermodynamic efficiency of nuclear, coal-fired and natural gas-fired 
power plants (as low as 35%), the total primary energy losses are as high as 60 ï 70% (Doty and Turner, 2013).  
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3 Photovoltaics 
 

A popular and often quoted newspaper headline states that the total solar radiation the Earth 
is receiving from the Sun would supply the overall human energy consumption 20,000 times. 
The solar constant (i.e. mean solar electromagnetic radiation) at which the solar energy 
arrives at the outer edge of the Earthôs atmosphere is about 1,353 Watt (W)/m2 (Doty and 
Turner 2013, p.430). Part of the radiation is reflected back to space, part is absorbed by the 
atmosphere and re-emitted and part is scattered by atmospheric particles. As a result, about 
two-thirds of the Sunôs energy reaches the Earth with peak solar irradiation approximately 1 
kW/m2 (Ibid, p.430). The total Earthôs surface is approximately 5.1 x 10^8 km2 (land 149 x 
10^6 km2; water 361 x 10^6 km2) (Central Intelligence Agency n.d.). Therefore if we 
assume the global horizontal irradiance to be 2,200 kWh/year/m2 on average and only 
consider land as suitable for photovoltaic (PV) installations, the Earthôs land receives about 
327 x 10^6 TWh per annum. Annual human primary energy consumption is approximately 
162 x 10^3 TWh (International Energy Agency 2014a). Simply put, one can argue the total 
inland potential for solar energy utilization is about 2,023 times larger than total human 
consumption at the moment.5 One would have to, however, cover substantial parts the Earthôs 
land area with PV modules.  

PV solar technologies generate electricity by exploiting the photovoltaic effect ï light shining 
on a semiconductor (most often silicon) generates electron-hole pairs that are separated 
spatially by an internal electric field created by introducing special impurities into the 
semiconductor on either side of an interface known as p-n junction (Arvizu et al. 2011). This 
creates negative charges on one side of the interface and positive charges on the other side, 
where this resulting charge separation creates a voltage (Ibid.) National Renewable Energy 
Laboratory (NREL) classifies solar cells into four broad categories: multi-junction, 
crystalline silicon, thin film, and emerging PV ï about 90% in commercial household 
applications are crystalline silicon solar cells (Doty and Turner 2013, p.443). 

 

3.1 Photovoltaics in the world 
 

Power generation is the largest and fastest growing component of the primary energy 
consumption6 (Citigroup 2013). Of the total 9.7 trillion USD investments into power 
generation, 71% of them has gone to renewables in 2011 (Ibid.).  

According to the International Energy Agency (2014b) photovoltaic energy is one of the most 
promising emerging technologies. The cost of PV modules has been divided by five in the 
last six years whereas the cost of complete PV system has been divided by almost three. The 
levelized cost of electricity (LCOE) of decentralized solar PV systems is approaching or 
falling below the retail electricity prices in some markets for both residential and commercial 
customers. On the utility scale, PV electricity could already be competitive at times of peak 

                                                             
5 If one would operate with 15% solar cells efficiency this number would decrease to 303 times.  
6 Power generation accounted for 5.2% annual growth in 2011 (estimated to be 7.7% in 2050), industry 3.6% 
(4.7% in 2050), transport 2.2% (2.8% in 2050) and other 1.6% (1.5% in 2050) (Citigroup 2013).  
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demand, especially at areas where peak electricity is provided by burning oil products7 
(Ibid.).  

Worldwide, the biggest markets for PV are China, USA, Germany, Japan and Spain. 
Germany has already reached grid parity8 in 2011, mostly due to a combination of subsidies 
and a sharp fall in PV system prices (Germany Trade and Invest 2014, p.2). From 1998 to 
2013, the price of PV systems declined 6 ï 7% annually and 12 ï 15% from 2012-2013, 
while all methodologies were showing that this downward trend is likely to continue in future 
(National Renewable Energy Laboratory 2014). Thanks to these declining prices, PV systems 
are becoming competitive even in countries where subsidies and tax rebates are being slowly 
phased-out.  

In 2006, California was one of the early PV adopters. The state legislature authorized 
California Public Utilities Commission to establish the California State Initiative (CSI) 
program with the aim to create a self-sustaining solar market through the provision of 
incentives that would encourage private investments. In pursuit of this goal, the CSI program 
provided (provides) upfront or performance based incentives for residential, commercial, and 
governmental/non-profit customers. As the market for solar PV grows, installed cost are 
expected to decline, eventually to the point where incentives are no longer necessary (Pacific 
Gas and Electric Company 2011). It is not the purpose of this paper to evaluate the cost and 
benefits associated with the CSI program, nevertheless it achieved 1066 MW of newly 
installed PV power capacity by the end of 2013 (55% of the total goal) for the first place 
among states in the USA (California Solar Statistics 2015). The initiative helped to bring the 
tipping point of widespread solar generation, grid parity, a step closer. 

PV technologies are under rapid development worldwide ï some of them having the potential 
to redefine the current energy market. Majority of these emerging technologies are still under 
development and in laboratory or (pre-) pilot stage and could become commercially viable 
within the next decade (Arvizu et al. 2011). They are based on very low-cost materials and/or 
processes and include technologies such as dye-sensitized solar cells, organic solar cells and 
low-cost (printed) versions of existing inorganic thin-film cells. As promising as these 
technologies (including building integrated PV cells) are for future, the aim of this paper is to 
discuss the current possibilities on the market. The analysis therefore operates with the most 
common PV technology, wafer-based crystalline silicon cells.  

 

3.2 Incident irradiance 
 

Frequently, we may hear that the Sun in certain countries, including Sweden, simply does not 
shine enough to contribute to the energy generation in any significant manner. As a matter of 
fact, the current share of solar energy in the Swedish energy mix so low, about 43.2 MW of 
installed capacity in 2013 (Lindhal 2014), that the Swedish Energy Agency 
(Energimyndigheten) does not even mention solar generating capacity in its annual reports, 

                                                             
7 Citigroup (2013, p.7) declares that the energy market has changed dramatically in recent years. EON is now 
considering putting on hold conventional generation projects and building renewable capacity instead, even in 
countries where no sizable subsidies or incentives exist (Ibid.). In Germany, photovoltaics are slowly being 
discussed as the replacement to gas peaking, which would make the gas power stations obsolete (Ibid, p.21)  
8 Grid parity (sometimes called ósocket parityô) occurs when an alternative source of energy can generate power 
at LCOE equal or lower to the price of energy from the main grid.  
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although solar energy has been added there in 20159. Nevertheless, it is a common 
misconception that in higher latitude countries, the solar irradiation is much lower than in 
lower latitude countries that already have large amounts of PV installed or are heavily 
investing into the technology (e.g. Germany, Austria, Switzerland) (Carlstedt et al. 2006; 
Wid®n 2010). In fact, the solar insolation in Sweden is only marginally lower than in Central 
Europe. Instead, as Wid®n (2010, p.27) puts it, ñthe main challenge at high latitudes is the 
more pronounced annual variations with long days during summer and short days with a low 
solar altitude during winter.ò 

Incident irradiance have nevertheless direct and substantial influence on the energy yield and 
financial position of photovoltaic installations. Global Horizontal Irradiance (GHI) levels 
indicate the total sun energy arriving at the Earthôs surface in a period of one year. Some 
annual fluctuations may occur (∓ 10%), however GHI levels have been relatively constant in 
the last decades (Sveriges Meteorologiska och Hydrologiska Institut 2007). Therefore, for 
small-scale residential applications, one can utilize a standard global irradiance year to 
approximate the maximum possible yield of a PV plant10. As GHI levels are measured in 
kWh/m2, the relation between GHI and maximum PV yield is expressed below: 

 𝑨𝑬𝑷 =  𝑮𝑯𝑰 × 𝑬𝒇 ×  𝒂  (3-1) 

Where AEP stands for annual energy production, GHI is global horizontal irradiance Ef 
refers to conversion efficiency of the PV module and a denotes the total module area.  

Swedish Meteorological and Hydrological Institute measures the GHI for a whole year in 
Sweden, based on data collected over the period of 28 years (1963 ï 1991). Figure 3 - 1 
illustrates countryôs GHI data. The GHI values utilized in this work range from 950kWh/m2 
to 1050 kWh/m2, in respective scenarios.   

                                                             
9 In terms of electricity generation capacity, hydropower had 16,197 MW, nuclear power 9,336 MW, combined 
heat and power 3,551 MW and wind power 2,899 MW in 2011 (Nordic Energy Regulators 2013, p.7).  
10 For large-scale applications, a simulation software would be needed to design the best possible setting of the 
PV plant. However, the simple relation between GHI and estimated system yield as shown in equation 3 -1 is 
adequate enough for residential calculations.  
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Figure 3-1 Global horizontal irradiance in Sweden between 1963 – 1991 

(Source: Sveriges Meteorologiska och Hydrologiska Institut 2014) 

 

3.3 Efficiency and estimated electricity yield 
 

A major factor for all PV technologies is the conversion efficiency of the solar cell, which is 
defined as ratio of output electrical power to the incident solar irradiance. Maximum 
conversion efficiency for a single layered crystalline silicon cell was estimated at 31% by the 
Shockley-Queisser theorem (Arvizu et al. 2011, p.351). One of the techniques to increase the 
cellsô efficiency is with a multi-junction approach (with layers of different semiconductor 
materials) that can collect more of the solar spectrum. It is recommended furthermore, to 
capture the maximum amount of solar irradiation, that the collector is installed south-facing 
at tilt angle approximately equal to the siteôs latitude. 

Single-junction wafer-based crystalline silicon cells have been verified to have recorded 
energy conversion efficiencies of 25% in laboratories (Ibid, p.315). In practice however, most 
common residential-scale photovoltaic systems operate at around 15 - 22% efficiency (Doty 
and Turner 2013, p.445). Single and double axis solar tracking systems can potentially 
increase the PV conversion efficiency to 30 - 35% respectively, however each requires 
significant increase in upfront capital investment and operations and maintenance costs 
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(O&M) (Ibid., p.445). Wind can also present a problem for these systems. O&M for non-
tracking residential PV systems are generally assumed to be very low or near-zero (although 
it is good to wash the panels periodically), with the exception of an inverter which needs to 
be changed at least once if we assume 25 years lifetime of the system (Branker 2011, Doty 
and Turner 2013, Randolph et al., 2009).  

Solkompaniet, the biggest solar installer in Sweden, offers via partnership with Vattenfall its 
flagship model PANDA manufactured by Yingli Solar, which achieves conversion efficiency 
between 15.9 - 16.8%, depending on the specific type of module (IBC Solar AG 2013). 
Yingli Solar modules have repeatedly tested as one of the most efficient ones worldwide, 
with regards to mono-crystalline technology (Photon International 2015). As such, the 
conversion efficiency range of model PANDA is utilized as reference value in the scenario 
analysis. 

Apart from the cell conversion efficiency, performance ratio (PR) is another important factor 
determining the actual moduleôs output of useful energy (i.e. amount of useful alternating 
current). The PR if often mentioned as a quality factor, given the fact that it is independent of 
location. It is stated as percentage and describes the relationship between the actual and 
theoretical energy output of the PV module. Evidentially, the closer the PR is to 100%, the 
more efficiently the respective PV system is operating. Often, PR is separated into two main 
elements ï parasitic losses and module lifetime degradation. 

Manufacturers of solar modules regularly take conversion efficiency losses into account in 
the description of the system, displaying the nominal power capacity (Wp)11.  However, solar 
cells produce direct current (DC) electricity which has to be converted into alternating current 
(AC) at suitable voltage and frequency with the help of an inventor. Furthermore, modules 
face decrease in efficiency with increasing temperature of the cell. Hence additional losses 
(parasitic, non-conversion efficiency losses) of the PV systems need to be included here, (i) 
inventor (5 ï 15%; in practice usually at the lower end); (ii) array temperature loss (5 ï 12%; 
generally the hotter it is the lower is the efficiency of the cell); (iii) dust and dirt (2 ï 4%); 
(iv) module mismatch (2%); (v) DC to AC wire losses (2%) (Doty and Turner 2013). As 
other factors such as shading, array orientation and tilt are usually manageable, the parasitic 
losses of the PV system are estimated in the range of 16 - 35%. Nevertheless, laboratory 
testing of recent solar modules showed, that the best units can achieve parasitic losses 
between 7% - 13% (Photon International 2015). The reference model for this study, PANDA 
from Yingli Solar, reportedly comes close to the highest minimization of parasitic losses 
available on the current market (Photon International 2015, Yingli Solar 2013). Therefore, 
10% parasitic losses are used as a reference value for the purpose of this work, which is 
consistent with manufacturerôs specifications (IBC Solar AG 2013).  

In addition, solar modules face efficiency degradation (mostly thermal) over their lifetime. 
Many manufacturers guarantee that given module will not go below 82% of the original cellôs 
efficiency in 25 years after the installation. The Yingli Solar PANDA model is consistent 
with the above, guaranteeing 82.4% of the nominal power performance (i.e. original 

                                                             
11 Wp represents the output power achieved by module under standard test conditions (STC). STC ï module 
temperature of 25ÁC, vertical irradiance of 1,000 W/m2, air mass of 1.5 (distance travelled though the 
atmosphere 50% greater than when the sun is exactly overhead) and a specific irradiance spectrum (IEA 2014a, 
p.12). In practice, the actual power output (in units of alternating current) will be lower than Wp (although it can 
be higher in very sunny countries or under other special circumstances).  
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conversion efficiency) after 25 years (Yingli Solar 2014). Figure 3 -2 shows the expected 
lifetime degradation of model PANDA over 25 year lifetime.  

 
Figure 3-2 Solar module efficiency degradation over expected lifetime 

(Source: Yingli Panda 2014) 

The expected module lifetime degradation is approximately homogenous to a linear decrease. 
Therefore, the average value of nominal power performance (90.58%) over 25 year system 
lifetime at any year (n) is utilized in the paper. Together, parasitic losses and lifetime 
degradation form a PR for any (n) of the expected lifetime as follows: 

 𝐏𝐑 = 𝐋 × 𝐃 ;  𝐨𝐫 𝐏𝐑 = 𝟎. 𝟗𝟎 × 𝟎. 𝟗𝟎𝟓𝟖 ;  𝐡𝐞𝐧𝐜𝐞 𝐏𝐑 = 𝟎. 𝟖𝟏𝟓  (3-2) 

Where PR is the performance ratio, L stands for parasitic losses and D is lifetime 
degradation.  

To estimate the expected annual yield of PV installation in Sweden for the reference module 
PANDA, relation between PR and AEP is established as: 

 𝐀𝐀𝐄𝐏 = 𝐀𝐄𝐏 × 𝐏𝐑 ;  𝐡𝐞𝐧𝐜𝐞 𝐀𝐀𝐄𝐏 = 𝐀𝐄𝐏 × 𝟎. 𝟖𝟏𝟓   (3-3) 

Where AAEP refers to adjusted annual electricity production, AEP stands for annual energy 
production and PR is the performance ratio.   

 

3.4 Example of lifecycle attributes 
 

Lifecycle assessment (LCA) is a tool used by researchers and decision-makers to properly 
evaluate environmental burden, cost and other important factors for comparison of different 
products, processes or activities. As the name suggests, LCA looks at the entire lifecycle of 
the product, process or activity, encompassing extracting and processing of raw materials, 
manufacturing, transportation and distribution, use, re-use, operation & maintenance, 
recycling and final disposal (Scientific Applications International Corporation 2006). In 
energy matters, we often look at levelized cost of energy (LCOE), lifecycle greenhouse 
emissions and energy payback (i.e. how long does the energy system operate to recover the 
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embedded energy). All of the above are useful indicators helping us to properly determine the 
overall costs and benefits associated with given technology. LCAs for complex systems are 
rather complicated and require long-term study periods. Here, examples of different PV 
lifecycle attributes are used to illustrate the position of the technology in comparison to other 
energy sources: 

(i) LCOE is the price at which electricity must be generated from a specific source to 
break even over the entire lifetime of the project. In case of solar PV, LCOE is 
highly sensitive to solar irradiation and must be therefore country- or region-
specific. As such, financial appraisal illustrates the simple (exclusive of social and 
environmental externalities) LCOE in terms of cost of conserved energy presented 
in Section 5.8 with results in Chapter 6.  

(ii) Lifecycle assessments are in general highly sensitive to the variables accounted 
for, to system boundaries and various assumptions. Hundreds of different research 
papers comparing the LCA of various energy sources have been conducted, 
yielding wide-ranging results. NREL reviewed and screened some 400 studies 
providing estimates for lifecycle greenhouse gas (GHG) emissions and 
harmonized these results by adjusting the published estimates to achieve constant 
values. Figure 3-3 shows the lifecycle values of g CO2eq per kWh of energy 
produced from different sources. Notably, median values for most common 
renewable energy sources and non-fossil sources are low - wind (11), solar (44), 
and hydro (7) along with nuclear (16), whereas natural gas (477) and coal (1,001) 
have significantly higher emission footprint. 
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Figure 3-3  Harmonized results of lifecycle greenhouse gas estimates for various types of 

energy sources 

(Source: National Renewable Energy Laboratory 2013) 

(iii) In the case of PV systems, majority of the GHG emissions occur during the 
upstream processes (e.g. raw material extraction, materials production, module 
manufacturing, etc.) and account for 60 - 70 % of the total GHG emissions, 
followed by operational processes (power generation, system O&M) with 21 ï 
26% and downstream processes (decommissioning, disposal) with 5 ï 20% 
(NREL 2012). Practically, these GHG emissions are country-specific. Majority of 
the solar cells sold on Swedish market are manufactured abroad, especially in 
China and thus the biggest share of the associated burden is occurring outside of 
the country12. Technically, we could argue that the direct GHG emissions from 
distributed PV generation in Sweden are about 60-70% lower than the mean value 
from NREL harmonization study. This would however result into an óenergy 
grabbingô where environmental impacts of technology utilization in one country 
are accounted for in another, manufacturing country. This is unacceptable 
however, as the emissions all occur in one óblack boxô system (i.e. the Earth). The 
discussion about clean energy sources therefore needs to be held on a global, not 
local level as transfers of emission burden occur contributing to the global climate 
change regardless of their location origin.  

(iv) We need rational choices for our energy future. During the 1980ôs, photovoltaics 
were deemed as completely unsustainable for the fact that their energy return ratio 

                                                             
12 Sweden is a net exporter of PV modules. Nevertheless, majority of the domestic installations are done with 
foreign modules, mainly from China and Germany (Lindhal 2014).  
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(ERR) (i.e. energy produced by the cell over its lifetime over embodied energy) 
was lower than 1:1.  This has however, changed significantly with technology 
maturation over time and the range of ERR for PV systems is now between 60:1 - 
15:1 (Fthenakis 2012, p.1). Energy payback time (EPBT) (the time is takes to 
produce all the energy used in the lifecycle) is a more specific concept, dependent 
on location and the type of technology used. For Nordic countries as Sweden, the 
EPBT of single- or multi-layered crystalline silicon solar cells is about 2.5 ï 3 
years (IEA 2014a, p.31) Commonly, PV systems expected lifetime is between 25 
ï 30 years. As evident from the illustrations above, PV energy generation is 
therefore in accordance with the requirements for sustainable energy sources as 
elaborated on in Section 2.2.  

  



 
 
 
 

16 
 

4 Photovoltaics in Sweden 
 

In 2010, the average Swedish house had an energy use of 23,200 kWh, higher in high 
latitudes, lower in low latitudes (Energimyndigheten n.d.). The total electricity consumption 
in Sweden was 141.7 TWh in 2012 (Nordic Energy Regulators 2013, p.5), in which 
residential electricity use accounted for 20.7 TWh in 2010 (Energimyndigheten, n.d.). 
Electric heating was the most common in Sweden in 2010, 518,000 of single or two-dwelling 
houses were heated solely by electricity, 382,000 by combined biofuel and electricity heating 
and 230,000 houses were connected to district heating (Energimyndigheten 2013). Given the 
high energy consumption, residential photovoltaic (PV) systems could significantly 
contribute to the energy mix of the country. 

In the budget proposal for 2015, Sweden sets an interesting challenge for itself, way above 
the European Unionôs (EU) common goals stated in the energy and climate package13 ï 
eventually to have an energy market with 100% share of renewable energy sources (RES), 
while targeting at least 30 TWh of new renewable energy in 2020 (Regeringskansliet 2015). 
RES should be primarily replacing nuclear and to some extent hydro power resources. 
Nuclear power faces unclear future in Sweden in general. In 2010, the parliament retracted its 
previous decision to phase-out nuclear power and allowed for construction of new power 
plants. New plants however, may only be built to replace the decommissioned ones and 
although Sweden has one of the highest popular supports in favor of nuclear energy in the 
EU, it would probably face opposition if it tries to develop its nuclear energy program any 
further (Qvist and Brook 2015). Hydropower, currently dominating the renewable electricity 
generation in Sweden, will likely not be developed any further either. Rather to the contrary, 
as the EUôs water framework directive calls for restriction on using water resources for power 
generation (Vattenfall 2013). Together, that bestows a challenging mix of obstacles for the 
Swedish energy future. Majority of the current projects for new generation capacity is related 
to wind power and planned power increases in nuclear power plants (Nordic Energy 
Regulators 2013, p.7). On the other hand, energy trading companies are also noticing the 
solar potential of the country. EON supports a start-up company called Solvotaics which is 
developing Solink ï a solar panel additive containing gallium arsenide nanowires which are 
supposed to increase efficiency of crystalline silicon modules up to 23 ï 24%. Vattenfall 
cooperates with Solkompaniet, a solar panel installer and a consultancy agency. Work has 
also been done on the municipal level, where Vattenfall is developing energy solutions 
suitable for Uppsalaôs new sustainable city district, ¥stra Sala Backe. There, renewable and 
carbon-neutral energy and energy efficient products will be offered, such as district heating, 
heat-driven white goods, solar cells on homes and charging e-car pools (Vattenfall 2014a). 
 
There are many more cooperation and research and development initiatives happening in the 
country in regards to solar energy and in RES in general, however the success of most of 
them will be in particular dependent on the support of the government. In the aforementioned 
budget proposal for 2015, the Swedish government refers to PV as, óbeneficial from climate 

                                                             
13 The EU goals entail that by 2020, renewable energy shall account for 20% of Europeôs energy production, 
CO2 emissions shall be reduced by 20% (from 1990 levels), and energy use shall be reduced by 20% through 
efficiency improvements (Vattenfall 2013, p.12). In January 2014, the European Commission presented its 
climate strategy for 2030, in which it proposes a reduction of greenhouse gas emissions by 40% by 2030. In 
addition, the strategy proposes a non-binding goal that at least 27% of energy should come from renewable 
energy sources by that time (Ibid.).  
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perspective, but not yet commercially competitiveô (Regeringskansliet 2015).  Enhanced 
support for solar energy is then stimulated in the form of 100 million SEK per year over the 
period 2015 ï 2018, most of which will be used for green energy certificates and direct state 
rebates for RES (Ibid.). The tradable green certificate system was introduced as a main 
economical tool to increase the electricity production from RES by 17 TWh from 2002 to 
2016. For every MWh of electricity produced from RES, the producer of an approved facility 
gets a green certificate. Energy trading companies are obliged to buy these certificates in 
amounts corresponding to the share of electricity they sell. The system was seen as one of the 
main drivers to kick-start a ósolar boomô in Sweden. Despite this, in June 2009, only six plant 
owners with nine PV plants (8% of the grid-connected installations), benefited from the green 
certificates (Energimyndigheten 2014). The situation has not changed much since then. In 
2013, only 400 certificates were issued for solar energy out of the 15.4 million total (Ibid.).  
The main reason why it has been difficult to take advantage of the green energy certificates 
for households is the location of the meter, which is often at the interface between the 
building and the main grid (Lindhal 2014). This means that only the surplus electricity 
generated can generate certificates, not the entire production. Hence, the certificate system 
today does not provide any significant financial support for PV installation in Sweden. In 
fact, it is completely irrelevant for the owners of residential PV systems as the current trade 
value is around 190 SEK for each MW of electricity produced (Svensk Kraftmªkling n.d.) 
and the costs associated with getting the facility approved by Svenska Kraftnªt (the state-
owned public utility) are much higher than the revenues most residential PV systems can ever 
deliver into the grid. There are however, other state and semi-public incentives for residential 
PV systems which are all described in section 4.1.  
 
Indeed, we can observe that the market for PV in Sweden is growing, with estimated 
production of 39 GWh per year (the installed capacity of solar PV nearly doubled from 2012 
to 2013), however it still represents only about 0.03% of Swedenôs total electricity 
consumption (Lindhal 2014). In terms of system investment costs, Lindhal (2014) has 
assessed average module prices on the Swedish market, using data from near-all retailers, 
showing a downward trend, halving the price of residential, grid-connected PV installations 
up to 10 kWp from 32 SEK/Wp in 2011 to 16 SEK/Wp in 2013, excluding VAT. Following 
his analysis, reference values for investment cost range from 22 to 19 SEK/Wp including 
VAT, in different scenarios. 
 

4.1 Capital cost reductions and feed-ins 
 

Multiple financial benefits are currently available on the Swedish market. Direct capital cost 
reduction is offered by the state in a form of rebate up to 20% of the total system cost and 
labor. The maximum amount the rebate can be applied to is 1.2 million SEK per installation 
and maximum 37,000 SEK per kW of installed nominal power capacity (Energimyndigheten 
2015). Alternatively Swedish tax authority (Skatteverket) offers 50% cost reduction on labor 
through tax reductions with upper limit of 50,000 SEK per installation (ROT avdrag). 
Swedish Energy Agency estimates that labor constitutes up to 30% of the total cost of the 
solar system (Hansson 2012), resulting in capital cost savings around 15%14. Nevertheless, 

                                                             
14 Cost after reduction = Initial cost ï (labor cost * ROT avdrag). Goodrich (et al. 2012) argues that in analogous 
but more mature industries labor usually presents about 10% of the total cost. 
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consumers may currently choose either one of these incentives. The more beneficial option 
(state rebate) is thus used in the analysis.   

Enablement of feed-ins for excess electricity production is another crucial point for PV 
systems profitability15. This is amplified by the fact that in general, the peak energy 
production of PV systems in Sweden occurs during the times of lower load16. Feed-ins are 
currently possible on the Swedish energy market and Skatteverket further benefits 
microgeneration with tax credits at a rate of 0.6 SEK/kWh with upper limit of 30,000 kWh 
fed back to the grid annually (Skatteverket 2015). The maximum theoretical tax deductions 
are therefore 18,000 SEK/year17. Additionally, most electricity suppliers in Sweden offer net-
metering or feed-in policies of their own. From the four biggest, Vattenfall pays Nord Pool 
Spot trading price plus 1 SEK/kWh for their trading customers who also purchase the PV 
system directly from the company (Vattenfall 2015). Total remuneration for a kWh of 
electricity fed-in could therefore be around 1.4 SEK/kWh, excluding value added tax 
(VAT)18 (Lindhal 2014, Nord Pool Spot 2015). Ume¬ Energi benefits their micro-generating 
customers by 1 SEK/kWh including VAT (Ume¬ Energi n.d.), whereas Fortum pays the Nord 
Pool Spot price plus reimbursement of 25% VAT (Fortum 2015). EON has much lower rates, 
in the range of 0.028 ï 0.065 SEK/kWh, incl. VAT (EON 2014). For all of the 
aforementioned, consumers must buy more electricity than they sell back, annually. 
Furthermore, all micro-generating producers are required to pay VAT of 25% on 
compensations from the energy companies. Income tax on the sales of surplus electricity can 
be avoided in most cases, because of the standard tax deduction of 40,000 SEK, which can be 
subtracted from the total income of each residence. For small-scale PV generation payment of 
energy tax is also not obligatory (Skatteverket 2015).  

Table 1 Financial incentives for distributed PV generation in Sweden 

Type of support/company Direct cost reduction Feed-in tariff revenue  

State rebate 20%  
ROT labor deduction* 15%  
Tax credit  0.6 SEK/kWh 
Vattenfall (exc. VAT)  1.4 SEK/kWh 
Ume¬ Energi (inc. VAT)  1 SEK/kWh 
Other (i.e EON) (inc. VAT)  0.028 - 0.065 SEK/kWh 
*estimation   

 

                                                             
15 Feed-ins have been enabled in Sweden since 1998 as in one of the first countries in Europe (Doty and Turner 
2013). Although country-specific, feed-ins generally set different rates for electricity sold to the main grid 
usually at a beneficial rate, and electricity purchased from the grid by the micro-producer. In other countries, 
most notably the USA, net-metering systems are in place. Net-metering allows the electricity meter to run 
backwards in times of overproduction from the microgenerator, consumers are then billed for their net 
consumption. Net-metering most often does not allow to have a negative bill at the end of the billing period (i.e. 
it does not allow to sell more electricity to the main grid than the amount that is purchased).  
16 PV systems in Sweden generate most electricity between April ï October, while peak load in the grid occurs 
in winter months. Wid®n (2015) suggested that major increase of PV generating capacity could lead to 
temporary shut-downs of centralized power plants during summer months.  
17 An example: Niels has fed 4,000 kWh of electricity back into the grid from his PV plant. He has purchased 
14,000 kWh from the energy company and has notified the company that he wishes to receive tax reductions. 
He is entitled for tax credit at a rate 0.6 SEK/kWh fed in the grid, therefore 4000 * 0.6 = 2400 SEK.  
18 In addition, Vattenfall offers 10% discount on the solar system for their customers (current or future).  
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4.2 Examples of ownership types and capital financing 
 

Swedish PV market is in its infancy compared to the situation in the USA, Germany or Spain. 
Investment into PV systems in Sweden is symbolized by a very high upfront cost and limited 
means of financing. Besides the government support mechanisms, which grant rebates with 
significant time delay from the date of purchase and tax credit accumulated for the next 
upcoming year, no other business financing models besides traditional loan financing exist19. 
The above may present a rather significant problem for higher and faster uptake of PV in 
Sweden. This section hence serves as a review of successful kick-starting tools realized 
elsewhere, namely the USA. 

Power purchase agreement (PPA) is an example of a business financial model which enjoyed 
positive market response in the USA. Here, the end-user acts as a host and agrees to pay a 
fixed price for all-inclusive solar electric service. The contract term is usually between five to 
20 years, with nominal performance guarantees. The third-party (i.e. the owner of the solar 
system) is responsible for all aspects of the PV project ï purchasing equipment, installations, 
building permits, interconnection agreement, feed-in agreement, applying for incentives from 
the state or other, operating the system to maximum performance and decommissioning the 
system at the term of the agreement, if ownership does not transfer (Doty and Turner 2013, 
p.447).  PPAs tend to be very flexible (e.g. prepayments for electricity can be made) and 
present an impediment against possible price increases from the utilities as users pay a fixed 
price20 per kWh during the term of the agreement. Borenstein (2013) concludes that PPAs are 
yet to show their full potential, as their value depends on the price trends of electricity on the 
utility scale. Nevertheless, amongst systems 10 kWp or smaller, the share of PV systems with 
PPA increased from 12% in 2007 to 66% in 2013, in the USA (Ibid.).  

Besides a direct purchase,21 solar lease and loan agreements are popular. Solar lease comes 
with 0% down-payment, monthly installations lower than previous utility payments, locked-
in rates and 20 years insurance for maintenance and repair (SolarCity 2015). Loan agreement 
has 0% upfront costs, 4.5 ï 4.99% annual interest rate, 30 year term, buyer can still benefit 
from state subsidies, monthly payments are based on the amount of electricity the system 
produces and 30 years protection on repairs and system production is granted (Ibid.).  

PPAs, lease and loan agreements are a big part of why SolarCity is the biggest solar provider 
in the USA. If successfully applied, similar businesses model would undoubtedly trigger a 
much faster penetration of PV on the Swedish market as well. This is mostly due to two 
major obstacles customers may face with direct purchase. First, enough funds may simply not 
be available to the potential buyer at the moment, or project would have to be financed 
though expensive bank loans which may change the economic performance of the system. 
Second, revenue savings occur in future and purchaser may rather choose different 
investment project if confronted with high upfront capital cost and long payback period. 
                                                             
19 Klarna is one of the existing tools for investment financing on the Swedish market. It offers reasonable 
effective interest rates from 1.4% to 1.62% if the lease is paid back within one year (11.7% effective interest for 
two years lease). The problem here is rather with the maximum term for payments being 2 years, where 
relatively high payments have to be made every month (Solarlab 2013).   
20 Although the price is generally referred to as fixed, companies offering PPA usually reserve the right to 
increase the price. SolarCity offers one of the lowest rates with maximum annual price increase of 2.9% 
(SolarCity 2015).  
21 In the USA and Germany, directly purchased PV systems usually come with 30 years protection plan 
including repairs and insurance at no added cost. In Sweden, such scenario is yet only left to be desired. 
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Reduction of upfront capital cost, either by lower system prices or through financing 
schemes, is often mentioned as the single one most important factor for higher customer 
uptake of microgeneration (Bergman 2009, Goodrich et al. 2012). Wider portfolio of 
financing options for PV systems can therefore be seen as one of the primary objectives for 
near future development. 

 

4.3 Stakeholder perspectives 
 

4.3.1 Individual (household) level 

 

Motivations and barriers for consumersô uptake of distributed energy resources (DER) vary 
and include órational onesô such as capital savings and environmental awareness, personal 
motivations such as technological interest, self-sufficiency and comfort, but also social and 
behavioral reasons, such as familiarity with technologies and social status (Bergman 2009, 
p.22). Swedish market is typical by its high rate22 of suppliers switching (i.e. the rate of 
consumers changing supplier of electricity), which can be seen as an indicator of consumer 
awareness and activity on the market. The propensity to switch depends on many factors like 
transparency of prices and products, information/awareness of the market and active 
marketing, economic incentives and size of consumption and other as contract lengths, 
demand for variable/fixed prices, etc. (Nordic Energy Regulators 2013, p.28). Sweden further 
has a very low price spread on the retail electricity market, which signalizes a very high level 
of competition (Ibid.) Low price spread, combined with high rate of suppliers switching 
suggest that consumers have relatively good access to information and are in general 
behaving as rational economic agents. This rational gives a good foundation for possible 
uptake of microgenerators if they become financially cost-effective. 

Palm and Tengvard (2011) conducted a study on the motives and barriers of household 
adoption of small-scale electricity generators in Sweden23. Their study concluded, that other 
reasons, besides economic ones, can play significant role in the uptake of microgenerators. 
These other reasons included ñconcern for environment, own production as a way to act and 
set example for othersò or ñbeing independentò and ñscore against the big companiesò (Ibid, 
pp.10-11). Nevertheless, in the Swedish context, 95% of the electricity generation already 
comes from non-fossil resources and independence is complicated with PV systems in the 
absence of a reliable energy storage solution. It seems rather reasonable to assume, that a 
major penetration of microgenerators to the energy market can only happen when consumers 
possess good energy literacy and the financial side of the technology is favorable.  

On that note, there are certain sound barriers for DER uptake by consumers. PV systems have 
high upfront capital costs, a factor that heavily influences a purchase decision (Bergman 
2009). Payback time (i.e. return on investment time) is also important, but as Bergman (2009, 
p.23) notes, ñpeople do not always act like rational economic agents, they discount or devalue 

                                                             
22 Norway has the highest rate of supplier switching among Nordic countries with 13%. Sweden comes second 
with 9.9% (Nordic Energy Regulators 2013, p.28).  
23 Although their research is based on representation of only 20 interviews, no other similar study has been 
found descriptively for Swedish market.  
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delayed outcomesò and ñgenerally do not consider future revenue from energy production.ò 
This is an important implication for the form of incentives planned for DER. The difference 
lies in consumer perception between a direct subsidy (i.e. reduction of upfront capital costs) 
and ongoing tax rebates, feed-in revenues or credits, especially because the latter may change 
over the lifetime of the project. Citigroup (2013, p.48) notices that, ñit is not just the 
technology that is evolving in the solar industry; the financing of solar projects, both 
residential and utility-scale is [also] evolving quicklyò. Solar lease and PPA, described in 
Section 4.2, are mentioned as the most notable, ñeffectively providing consumer the benefits 
of cheaper and cleaner solar electricity, whilst negating the need for the significant capital 
outlayò (Ibid, p.48).  

The relative immaturity of the PV technology and lack of information are often mentioned as 
another important barrier (Bergman 2009, Doty and Turner 2013). While adoption of new 
technology can be motivation for some, it could present a hindrance for many. In Sweden, the 
information available about PV microgenerators are far from perfect with some high variation 
between offers, what these include or not (e.g. installation, repairs, decommissioning) and the 
feed-in tariffs. Palm and Tengvard (2011, p.20) found that customers are, ñunsure if they can 
install and maintain the system themselves.ò Companies in other countries often offer a full 
service package including all the operations above, which is indeed very customer-friendly. 
Here again, Swedish retailers could benefit from utilizing some of the business models 
adopted elsewhere. Refined and long-term political support is no less important, as, 
ñlegislators do not yet have a clear-cut handling procedures for handling the connection 
issuesò (for feed-ins) (Ibid, p. 18) and the scale and timespan of new government support for 
RES was not known until the end of 2014, when the previous subsidy system for residential 
installations was about to come to an end.  

There are other motivations and barriers for uptake of distributed generation systems, 
including important behavior implications after the uptake24, nevertheless the purpose of this 
paper is to evaluate the underlying financial dimension of such decision. Financial appraisal 
is widely regarded as the most rational tool for personal investment. It accounts for time 
value of money, subsidies, feed-in sales, cash-flow development over the payment time (in 
case of solar lease) and considers the individual willingness to pay (in terms of minimum 
acceptable rate of return; see Section 5.4). A purchase of a PV system is therefore seen as an 
investment which shall be evaluated against other opportunities. Although there may be other 
motivations for the uptake as aforementioned, financial appraisal can help reveal the most 
favorable scenario (e.g. optimal size of the system, financing options or excess electricity 
sale) for individuals. Before this is described in depth in Chapter 5 however, microgeneration 
uptake is discussed from the perspective of energy companies and legislature first.   

 

4.3.2 Utility level 

 

Worldwide, electric utilities have been entering the discussion about distributed PV systems 
with varying attitudes towards the technology. In the USA, utilities often argue that solar 
households have been avoiding paying their fair share for the long-term investments in 
centralized power plants and the delivery grid they still rely on (Than 2013). Solar rooftops 
represent ñthe largest near-term threatò to the utility business model, a ñdisruptive challenge,ò 
                                                             
24 These are well described on the UK example in Bergmanôs (2009) study.  
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even though they still represent less than one percent of the U.S retail electricity market 
(Ibid.). The single one most important factor for making solar meaningful, enablement of net-
metering and/or feed-in tariff, has been relentlessly discussed on all levels of stakeholders 
(Ibid.).  

In other countries, most notably Germany and Italy, rapid deployment of PV generation has 
created technical issues, causing grid overload and over-border energy dumping 
(International Energy Agency 2014)25. Citigroup (2013) predicts that in some countries, solar 
power will initially steal peak electricity demand from natural gas running reserves. At higher 
penetration rates solar will lower the baseload, requiring more gas capacity for flexibility, but 
then with battery or hydro storage, it can benefit baseload at the expense of gas or other 
conventional energy sources. Here they ask, ñwho would want to be a utility, with this much 
uncertainty?ò (Ibid, p. 24). Assuredly, utilities and energy market regulators need to be 
brought in when discussing a greater penetration of decentralized grid-connected 
microgenerating systems. Frantzis (et al. 2008) adds on that note that full benefits of an 
extensive distributed PV resource are not likely to be realized without some degree of utility 
control and possibly ownership.  

Swedenôs situation is different in comparison to countries with higher PV penetration on the 
market. PV systems are nowhere near threatening the stability of the grid or significantly 
cutting into utilities profits. Instead, utilities have taken pro-active role in the emerging PV 
market. Vattenfall for instance, embraces the potential of decentralized production as a major 
opportunity. Especially then in the current north European market, where construction of new 
centralized generation capacity is not profitable for any type of power without subsidies or 
support systems (Vattenfall 2013, p.12). Eriksson (2015) notes, that major Nordic utilities are 
no longer profiting from regular electricity sales and have to find alternative sources of 
revenue streams, distributed energy generation being one them. Consequently, various utility 
companies are nowadays marketing small PV systems suited for residential rooftops, 
typically with generating capacity between 1.5 kWp to 15 kWp. Majority of them also 
introduced feed-in or net-metering schemes with requirement that the system and the fuse do 
not exceed 43.5 kWp and 100 A, respectively (Lindhal 2014).  

Arguments can be made both for and against higher penetration of distributed solar energy 
generation from the utility perspective. One of the major benefits of distributed energy 
generation (DEG) is that it is located close to the load (i.e. the consumer). These are avoided 
transmission and distribution costs for utilities and grid companies. As Wid®n (2010, p.29) 
points out, ñalthough generation costs may be higher with distributed energy generation as 
compared to centralized generation, transmission and distribution costs may decrease so 
much that distributed energy generation is on the whole cost-effective for a utility.ò 
Nevertheless, one can often hear that PV systems are ineffective, not a greener alternative and 
not reducing the price of peak electricity. Truly, at least in Sweden, peak production of solar 
systems (April ï October) does not correspond with peak demand (winter months) and their 
higher market penetration may result into need of additional back-up capacity of spinning 
reserves in case of cloudy days or rain. There are however, various proposals on how to offset 
the variability of more solar integration in the grid, for instance through a demand-response 
system. Here, utilities typically gain control over certain consumersô electrical facilities (e.g. 
air conditioners, charging of electric cars, thermal regulators) during peak hours (early 

                                                             
25 European grid is running on frequency of 50 Hz. When more electricity is fed to the grid than is withdrawn, 
the frequency increases and the grid becomes unstable.  
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morning, early-evening hours) so they do not have to either turn on expensive stand-by 
generators or purchase expensive electricity at the international market. In exchange, 
customers gain a price reduction on their electricity bill. Alternatively, direct price 
motivations enabled through smart-metering are possible as well. In Sweden, Svenska 
Kraftnªt (SvK) collaborates with energy companies to regulate the so-called balance 
settlement. If a producer of energy undersupplies scheduled amount of energy, a fee is 
installed. When the opposite happens, producer can be reimbursed.  The cost of keeping the 
system in balance is calculated by SvK and is shared between the companies that caused the 
imbalance (Carlstedt et al. 2006, p. 32). The question remains however, of how would SvK 
deal with a much larger penetration of localized and variable microgenerators out of the 
regulatorôs control.   

Conclusively, Sweden should have no problems integrating more distributed generation, or 
RES in general, into its grid, in the near-term future. Decentralized, grid-connected PV 
systems could present a win-win scenario for both the consumers with direct cost-savings, 
and for utilities where transmission and distribution cost-savings would occur. In the long-
term, Swedish utilities should explore the potential of various demand-response strategies, 
when the penetration levels of variable RES increase further.  

 

4.3.3 State level 

 

Doty and Turner (2013, p.426) identify five policy mechanisms as being most responsible for 
growth in utility-scale and distributed renewable energy, (i) state renewable portfolio 
standards (for utility-scale; in Sweden the green energy certificates); (ii) state tax credits (for 
both utility-scale and distributed; in Sweden the feed-in tax credit for distributed generation); 
(iii) state accelerated depreciation (for both utility-scale and distributed; not applicable in 
Sweden); (iv) state and local net metering tariffs (for distributed; in Sweden these are 
introduced by energy trading companies themselves); (v) state and/or local cash rebates (for 
distributed; in Sweden rebates exist on state level as well as there are other local incentives).  

Notably, Sweden has most of the major incentives for distributed generation in place. This is 
analogous with Swedenôs vision of fossil-free vehicle fleet by 2030 (powered by biofuels and 
electricity) and the aim for an energy supply with zero net atmospheric GHG emissions by 
2050 (Renewable Energy Policy Network for the 21st Century 2014, p.29). Other, regional 
targets for renewable energy also exist, often even higher than governmental, as in the cities 
of Vªxjº (100% renewable energy by 2030), Malmº (100% renewable electricity by 2020) or 
Eskilstuna (generate annually 48 GWh of wind power, 9.5 GWh of solar by 2020) (Ibid., p. 
132). The cities of Malmº and Kristianstad further plan to produce 100% of their energy 
locally, therefore having a great potential for the development of DER (Ibid.).  

Divestment from fossil fuels, low-emission energy source, increased energy security and 
empowerment of people are amongst frequently quoted benefits of distributed electricity 
generation from RES. These are in accordance with Swedish government goals. In case of a 
new technology in need of at least initial support, the role of the legislature is to provide 
consistent policy targets and stable investment environment. This may eventually result into 
greater confidence of individual adopters, traders, energy companies and investors for the 
technology. Similarly, increased governmental capital spending has impact on job creation in 
the county. European Commission and the PV industry estimates that one 10 kWp 
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photovoltaic system generates about one man (woman) job for one year (Solelprogrammet 
2015), although this number is rather overestimated, as examples from the USA show 
(Salasovich and Mosey 2011). Furthermore, these jobs are usually associated with the 
installation of the products and since the operations and maintenance of a PV system are not 
labor intensive26, constant new installations are needed in order to sustain the jobs created. 
Nevertheless, the legislature ought to explore the potential of job creation correlating with the 
expansion of DEG to quantify the possible benefits27. 

  

                                                             
26 The estimated ratio of 1:600 (O&M jobs: installation jobs) shows that for every 600 jobs in installations of PV 
systems, only 1 job in O&M is created (Salasovich and Mosey 2011, p. 16).  
27 In Sweden, only 750 jobs were associated with PV industry in 2014.  (Renewable Energy Policy Network for 
the 21st Century 2014).  
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5 Methods; financial appraisal of distributed photovoltaic 

generation 
 

5.1 Financial appraisal 
 

It would be the Swedish households who decide whether to purchase a photovoltaic (PV) 
system in the end. As shown in Section 4.3.1, other reasons, than pure economic may exist 
for the uptake of microgenerators. However, if the goal is to have a major penetration of the 
PV technology on the market, the prerequisite is that these are cost-effective. 

Financial appraisal (FA) is used to assess the costs and benefits of microgenerators in terms 
of outlays and receipts accrued by a private entity (households, in this case) as measured 
through market prices (Brent 1996 in Harajli 2009, p.51). Environmental impacts and other 
externalities are excluded from the analysis, yet transfers of incomes (e.g. subsidies or feed-in 
tariffs) would be included. Therefore the FA follows a discounted cash-flow approach where 
costs and benefits or each time period [t] are estimated and discounted to the present to 
indicate the net present value (NPV) as previously worked out by Harajli (2009). Simple 
payback period (SPP) is used to determine the number of years a PV system will take to pay 
back for its initial capital cost and benefit-cost (BC) ratio is calculated to indicate whether the 
investment is cost-effective. Cost of conserved energy (CCE) measures the cost per unit of 
energy saved by a production investment over its lifetime and serves as a comparative 
indicator of an energy investment to present and future assumed electricity prices. CCE is 
often used as a synonym to levelized cost of energy, because both approaches follow the 
same logic, although are used in different circumstances. 

Consumers may possess various investment options, when facing the decision to take action 
with their capital. This is defined by the opportunity cost as the cost of an alternative that 
must be forgone in order to pursue a certain action (Investopedia n.d.). Put in other words, 
opportunity cost is the difference between a chosen investment and one that is passed up 
(Ibid.). Government bonds, bank savings account or alternative energy yielding or saving 
investment are all examples of the opportunity cost here. Hence, minimum acceptable rate of 
return (MARR) is employed to establish the opportunity cost in comparison to PV systemôs 
internal rate of return (IRR). The MARR in this thesis is in the form of different interest rates 
representing loan financing of the system, yet any MARR can be compared to the IRR of the 
investment (e.g. an IRR of an alternative investment). The logic is further explained later in 
Section 5.4. In addition, FA is developed under four sets of parameters (i.e. scenarios), (i) 
very conservative; (ii) conservative (iii) baseline; and (iv) optimistic. These scenarios serve 
as an integrated sensitivity analysis of the calculations, where different assumptions for 
influential parameters (system electricity output, electricity price, escalation rates, etc.) are 
constituted.  

The analysis focuses at first at appraising the microgenerators under default market 
conditions. Attention is turned next to the government financial support and mechanisms 
currently available in Sweden. Here, capital rebates and tax credits from feed-ins are 
accounted for. Summary of all sets of parameters is presented at the end of this chapter. 

The assessed system is a grid-connected PV microgenerator with nominal power capacity 5.5 
kWp, 34 m2 of arrays and a 6 kW inverter.  The expected and assumed lifetime of the plant is 
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25 years as this coincides with most common manufacturers warranties. Further, a ratio 1:4 
between feed-ins and self-consumption is used in the calculations, in other words 80% of the 
produced electricity is consumed on the spot and 20% is fed back to the main grid.   

 

5.2 Discount rate and inflation 
 

Economic analysis recognizes that money has a time dimension (Randolph et al. 2008) Most 
people also recognize this, given a choice between 1000 SEK today and 1000 SEK in a year, 
almost everyone would prefer the 1000 SEK today (Doty and Turner 2013). There are two 
primary factors associated to this time preference of money ï opportunity cost and inflation 
(Ibid.). For existing capital, opportunity cost is equivalent to the benefit was the capital spent 
differently or invested elsewhere (i.e. the next preferred investment). For borrowed money, 
opportunity cost is the cost of borrowing that money (i.e. the loan rate). The second factor, 
inflation, can be described as a decrease of purchasing power of money.  The impact of 
inflation is that the óbasket of goodsô a consumer can buy at present with 1000 SEK contains 
more than the óbasketô in a year from present. Together, interest and inflation result into 
notion, where a one SEK tomorrow in considered less valuable than one SEK today (i.e. the 
capital is discounted).  

There are many factors contributing to an appropriate discount rate - prevailing interest rates, 
rates of overall inflation, inflation or deflation of fuel and electricity prices, the opportunity 
cost, etc. (Randolph et al. 2008, p.193). For FA of energy systems, discount rates between 3 ï 
8% are most often being used (Doty and Turner 2013; Harajli 2009; Randolph et al. 2008). In 
general, the time value of money (TVM) is important for higher discount rates and/or long 
time periods.  

The analysis here utilizes a real discount rate, including the effects of inflation. Hence, all 
other costs and rates must also include inflation. The relation between real and nominal rates 
is derived from standard Fisherôs equation:  

 𝒓 = [
(𝟏𝟎𝟎+𝒓𝒊)

(𝟏𝟎𝟎+  𝝅)
− 𝟏] × 𝟏𝟎𝟎  (5-1) 

(Source: Crowder and Hoffman 1996) 

Where 𝑟𝑖  is nominal rate, r is real rate and ˊ denotes inflation rate. Similar approximation is 
applied to all rates throughout this work.  

The real discount rate is further adjusted for escalation of energy prices (see Section 5.3) in 
order to create a uniform present value factor (UPV). The analysis uses different real discount 
rates for each of presented scenarios, 6.4% for very conservative, 4.9% for conservative, 
3.4% for baseline and 1.9% for optimistic. These values have been chosen arbitrarily, 
following the logic in Doty and Turner (2013), Ossenbrink (et al. 2013) and Harajli (2009).   

Projections of future inflation rates are depended on many parameters, can often be 
inaccurate and their accurate prediction is not manageable in the scope of this work. Hence, 
the reference inflation rate here is derived as a median value of inflation rates in the period 
from 1992 to 2014. The median inflation value set here is 1.3% annually and is projected to 
be constant over the entire researched period (Sveriges Officiella Statistik 2015a). 
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5.3 Electricity price, escalation rates and annual electricity savings and 

revenues 
 

The retail (end-user) electricity price (i.e. the final price) in Sweden consist of three main 
parts ï electricity tax and value added tax (43%), the electricity cost (34%) and transmission 
charges (23%), on average (Energimarknadsinspektionen 2014). The country is divided into 
four bidding areas with minor differences in electricity prices between them. Generally, 
electricity is slightly cheaper in the north than in the south.  

Sweden has a deregulated electricity market, enjoying a high level of competition. As of 
February 2015, 42.5% of consumers had a flexible price (floating) contract, followed by 
relatively equal share between one-year fixed price agreement (15.5%), standard (default) 
price agreement (15.3%) and three-year fixed agreement (14.1%) (Sveriges Officiella 
Statistik 2015b). Other agreements, for instance hourly rate contract, are still relatively rare in 
Sweden (Ibid.). The electricity price further depends on the volume of annual withdrawal 
with decreasing price per kWh for larger consumers, energy tax (standard - 0.29 SEK/kWh) 
and 25% value added tax (VAT) on top. Here, average prices from all four bidding areas 
from January 2014 to February 2015 are summarized for different types of contracts, 
inclusive of VAT, energy tax and charges for green electricity certificates, with ranges 
depending on the type of consumer (apartment; one- or two-dwelling house without 
electricity heating; one- or two-dwelling house with electric heating): (i) flexible price 
agreement (0.83 ï 0.97 SEK/kWh), (ii) one-year fixed agreement (0.87 ï 1.02 SEK/kWh), 
(iii) three-year fixed agreement (0.89 ï 1.02 SEK/kWh) and (iv) standard price agreement 
(1.13 ï 1.28 SEK/kWh) (Ibid).  

In addition to electricity price, customers are obliged to pay for the costs of transmission and 
distribution. Unlike for energy trading companies, customers cannot choose their local and 
regional network operators as these are assigned to them (Energimarknadsinspektionen 
2012). Transmission and distribution fees consist of a fixed (connection fee) based on the size 
of the fuse and a variable fee relative to the amount of electricity consumed. The applicable 
rules are slightly different for regular consumers and for micro-producers, (i) fixed fee cannot 
be avoided whether the individual is consumer-only or grid-connected micro-producer as this 
is the charge for the connection to the grid itself. It this therefore excluded from the 
calculations as it is not an avoided cost, nor any other benefit, (ii) variable fee for low voltage 
customer, charged per kWh consumed or reimbursed for kWh exported, can be utilized either 
under simple (constant) tariff, or under time tariff with higher connection fee and floating 
price. Here, Vattenfall rate is used as a reference, where simple tariff in the south zone is 
assumed, resulting into 0.25 SEK/kWh charge for consumed electricity and 0.07 SEK/kWh 
compensation for export (Vattenfall 2014b). The rates for other network providers are 
relatively homogenous to this example, hence one can use these figures with rather high 
confidence.  

The total electricity price for the energy savings calculations (avoided energy) therefore 
consist of two parts, the stand-alone electricity price inclusive of electricity tax, VAT and 
charges for green electricity certificates, and (avoided) network charges. Similarly, revenues 
from exported electricity (the feed-in tariffs) are enhanced with reimbursements for export. 
As one shall stay rather conservative about electricity prices in order to not overestimate the 
potential revenues and savings, baseline scenario operates with the higher end of the range in 
flexible contracts (1.22 SEK/kWh), whereas very-conservative and conservative set the value 
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to the lower end of range in flexible contracts (1.08 SEK/kWh). Optimistic scenario utilizes 
the lower end of range in standard price agreement (1.38 SEK/kWh). All figures are inclusive 
of network charges savings (0.25 SEK/kWh). Table 2 below summarizes electricity price 
components and their values. Electricity price is shown in average value of four bidding 
areas. óHighestô refers to ódwelling, flatô consumer unit and ólowestô denotes óone- or two-
dwelling house with electric heatingô.  

Table 2 Electricity price components with values 

 

Electricity 

price 

(SEK/kWh)* 

Energy tax 

(SEK/kWh) 

VAT 

(25%) 

Transmission 

charge 

(SEK/kWh) 

Total electricity 

price 

(SEK/kWh) 

Flexible price 
agreement 
(highest) 0.48 0.29 0.19 0.25 1.22 
Flexible price 
agreement 
(lowest) 0.37 0.29 0.17 0.25 1.08 
One-year fixed 
(highest) 0.52 0.29 0.20 0.25 1.27 
One-year fixed 
(lowest) 0.41 0.29 0.18 0.25 1.13 
Standard price 
agreement 
(highest) 0.73 0.29 0.26 0.25 1.53 
Standard price 
agreement 
(lowest) 0.61 0.29 0.23 0.25 1.38 
Three-years 
fixed (highest) 0.52 0.29 0.20 0.25 1.27 
Three-years 
fixed (lowest) 0.42 0.29 0.18 0.25 1.14 
* including the charges for green electricity certificates 

Electricity prices have been stagnant or decreasing in the last 5 years in Sweden, according to 
the Organization for Economic Co-operation and Development statistics (2015). However, 
this trend is unlikely to sustain, given various economic reasons such as increase in oil prices, 
inflation or increased spending on support of renewable energy sources. Therefore, an energy 
escalation rate is set to in order to more accurately represent the actual monetary savings 
occurring from the PV generation. A standard assumption is that utility rate increase is 
matched with inflation (Doty and Turner 2013). Only when utility rate outpaces the inflation, 
escalation occurs. Following that logic, escalation rates are expressed in real terms, hence 
lowered by inflation. In addition, the incremental electricity cost only accounts for about 34% 
of the total electricity cost. As escalation mostly occurs in the electricity cost itself (i.e. the 
escalation rate is lower in the total electricity cost), one should use high escalation rates rater 
sparingly.  Since predictions for energy price developments are subjected to changes in many 
key variables with high volatility, baseline escalation rate is simply established using median 
value of change in electricity prices in Sweden, collected by Organization for Economic Co-
operation and Development (2015) since 1996 to 2014 for baseline scenario.  Baseline 
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scenario thus assumes an annual real escalation rate of 2.4%, and 0.4% for very conservative, 
1.4% for conservative and 3.4% for optimistic.   

The relation between discount rate and annual escalation rate is expressed in the uniform 
present value factor, which also takes into account the studied period (i.e. expected lifetime 
of the system). A UPV factor is a scalar which is used to estimate the present value of an 
annually recurring savings with the combination of discount rate, escalation rate and the 
system lifetime: 

  𝑼𝑷𝑽 = [
𝟏+𝒆

𝒅−𝒆
]  × {𝟏 − [

(𝟏+𝒆)

(𝟏+𝒅)
]

𝒏

} (5-2) 

 (Source: Slaughter 2013, p.10) 

Where UPV stands for uniform present value, e denotes real escalation rate, d is real discount 
rate and n represents the years of system lifetime. 

Chapter 4 explained that feed-in revenues present a critical part PV system economy. 
Baseline scenario assumes net metering between electricity sold to and purchased from the 
main grid (i.e. revenues per kWh from feed-ins are equal to the price of electricity per kWh 
from the main grid). Conservative scenario utilizes similar approach, whereas the prices are 
approximately equal to long-term Nord Pool Spot market prices (0.4 SEK/kWh) in very 
conservative scenario and above retail electricity price in the optimistic scenario, similar to 
the rate Vattenfall offers for customers who purchase the PV system from directly from the 
company (1.4 SEK/kWh). In the second part of the analysis, where current government 
incentives for PV are accounted for, additional earnings are added in form of tax credit (0.6 
SEK/kWh). Maximum utilization up to the legal limit (18 000 SEK/year) of tax rebate is 
assumed. All values are inclusive of VAT. Together with annual energy savings (i.e. avoided 
electricity consumption), feed-in revenues are combined to form a positive cash-flow: 

 𝑨𝑬𝑺𝑹 = 𝑨𝑨𝑬𝑷 × 𝑷𝒓 × 𝟎. 𝟖 + 𝑨𝑨𝑬𝑷 × 𝑭𝑰𝑻 × 𝟎. 𝟐  (5-3)                           

𝒘𝒊𝒕𝒉 𝒕𝒂𝒙 𝒄𝒓𝒆𝒅𝒊𝒕:  𝑨𝑬𝑺𝑹 = 𝑨𝑨𝑬𝑷 × 𝑷𝒓 × 𝟎. 𝟖 + 𝑨𝑨𝑬𝑷 × (𝑭𝑰𝑻 + 𝑻𝒄) × 𝟎. 𝟐   (5-4) 

 (Adapted from: Randolph, 2008, p.195) 

Where AESR stands for annual electricity savings and revenues, AAEP denotes adjusted 
annual energy production, Pr is the electricity price, FIT denotes the feed-in tariff and Tc is 
tax credit.  

 

5.4 Minimum acceptable rate of return, internal rate of return  
 

MARR is often called the hurdle rate and in corporate finance, it is usually determined by 
evaluating the opportunity cost of capital, investment risk and/or payback requirements (short 
paybacks reflect higher MARR). When analyzing a new investment (such as PV system), one 
can compare the rate of return of that investment to another conservative project (such as 
government bonds, savings bank account, or other low-risk investments). Simultaneously, if a 
loan is obtained to finance an investment project, its interest rate may serve as projectôs 
MARR, that is the minimum yield rate project must obtain to repay the loan.  
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The logic behind IRR is designed to calculate a rate of return that is óinternalô to the project. 
That is, 

If IRR > MARR, the project is attractive, 

If IRR < MARR, the project is unattractive, 

If IRR = MARR, there is indifference.  

The value logic behind IRR is established to find the highest possible rate or return when the 
net present value is approximate to 0 through a series of net cash-flows. Typically, this is 
determined by a trial and error process, however most spreadsheets and financial calculators 
are pre-programmed to solve the IRR value. Doty and Turner (2013, p.60) warn about a 
possible drawback of the IRR method. That is, for some cash flows there may exist more than 
one value of IRR. However, it can be shown that if a cash flow series consists of an initial 
investment (negative cash flow at t = 0), followed by a series of future returns (positive or 
zero cash flows for all t > 0), then a unique IRR exists. Thus, system operations and 
maintenance costs (O&M) are evenly distributed over its lifetime to avoid situation where 
negative cash flow at any t > 0 would occur (the time of inverter replacement).  

In cases where loan is obtained to finance the PV system, compounded interest rate is often 
used. Routinely, interest rate is compounded either annually, quarterly or monthly, yet special 
circumstances may result into different compounding period. In Sweden, 30% tax deduction 
can be made on the interest rate (Skatteverket 2015). Hence, compounding is utilized to 
present the relation between the original loan amount (principal) and the cumulative amount 
of money which are repaid if the loan is taken, expressed in real terms with tax deduction: 

  𝑨 = 𝑷 × (𝟏 + 
𝒓

𝒏
)

𝒏𝒕

   (5-5) 

 (Source: DePaul University n.d.) 

Where A denotes the cumulative amount of money to be paid back, P refers to the principal, r 
is real interest rate lowered of tax deduction, n is the number of times interest is compounded 
per year and t stands for number of years the loan is taken for. 

 

5.5 Investment costs, O&M, residual value and decommission cost 
 

If one omits the other factors which may influence the price of the PV system such as self-
installation or additional accessories (smart meters, module temperature meters, etc.), size 
and module type will determine the total system cost. Generally, the larger the system is, the 
lower the prices per installed kWp will be (Lindhal 2014). Similarly, modules with higher 
efficiency will usually cost more. As shown in Chapter 4, the average price of module with 
capacity of one Wp in Sweden is 20 SEK including installation and VAT. Hence this value is 
utilized in the baseline scenario. The price is slightly inflated in very conservative (22 
SEK/Wp) and conservative (21 SEK/Wp) scenarios, and deflated in optimistic (19 SEK/Wp), 
all corresponding with the current offers on the Swedish market. In the second part of the 
analysis, state subsidy reduces the initial capital cost by 20%. Further, the need for upfront 
capital can be reduced or completely eliminated by taking a loan to finance the system. Hence 
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in these cases, the real interest rate of the loan is compared to investmentôs IRR to identify 
such loan rates which will not hinder systemôs cost-effectiveness. 

Operations of a PV plant are free of costs and for the maintenance part, replacement of 
inverter once during the lifetime of the PV system is assumed. The cost of inverter is set at 
2.7 SEK/Wp, which is consistent with current market prices for top-performing devices (PV 
Store n.d.). Other possible maintenance costs are not accounted for. Connection costs or 
building permits are also excluded here, as there is no necessity of these for single facility 
installations (Skatteverket 2015).  

Residual value and decommissioning costs are assumed to be equal, although PV system are 
sometimes projected to stay in operation even after 25-year lifetime and certain installers may 
include decommissioning in the initial price of the project. Thus one can argue that the 
monetary benefits on the residual value prevail, however for the sake of simplicity both 
values are set to zero.  

 

5.6 Simple payback period  
 

The SPP gives the number of years a PV system will take to pay back its initial cost based on 
its energy and economic savings (Randolph et al. 2008, p.194). Although very popular 
among private entities and in some analytical literature, SPP faces at least one major 
drawback as it ignores the TVM (Doty and Turner 2013, p.63). This implicitly assumes that 
the applicable interest rate for converting future amounts to present amounts is zero, in other 
words it implies that people are indifferent to 1000 SEK given today or in one year from 
today. This observation is highly inconsistent with observable behavior (Ibid.). Nevertheless, 
SPP is included in the analysis as a popular measure of investment payback and is compared 
to the results of other methods which incorporate the time value of money. SPP for studied 
PV system can be expressed as follows: 

  𝑺𝑷𝑷 = 𝑰𝑪 ÷ (𝑨𝑬𝑺𝑹 − 𝑶&𝑴)  (5-6) 

 (Adapted from: Randolph 2008, p. 195) 

Where SPP denotes the simple payback period, IC is the initial capital cost, AESR refers to 
annual electricity savings and revenues and O&M stands for annual operation and 
maintenance costs.  

Nevertheless, SPP can be enhanced to include a discount and escalation rate in order to 
observe the change in SPP when TVM is accounted for. Chapter 6 displays the results of both 
methods and shortly discusses them. SPP with TVM, where positive cash flows (savings and 
revenues) are adjusted of escalation rate and net annual cash flows are discounted, is 
expressed below: 

 𝑺𝑷𝑷 = 𝑰𝑪 ÷ [(∑ 𝒏𝒆𝒕 𝒂𝒏𝒏𝒖𝒂𝒍 𝒄𝒂𝒔𝒉 𝒊𝒏𝒇𝒍𝒐𝒘) ÷ 𝒏]   (5-7) 

Where SPP is the simple payback period, IC refers to the initial capital cost and n is the study 
period. 
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5.7 Present value savings, net present value 
 

Present value savings (PVS) traditionally calculate the total lifecycle monetary savings of the 
investment put in present-day amounts, based on the assumed discount rate (Randolph et al. 
2008, p. 198). Here, the real discount rate is adjusted of escalation rate with the help of an 
UPV factor for improved accuracy. This enables the cash-flows to better represent the actual 
savings and revenues (also called benefits) from the investment as the benefits are allowed 
for escalation and are therefore gradient, rather than uniform. PVS can be expressed as 
below: 

  𝑷𝑽𝑺 = (𝑨𝑬𝑺𝑹 − 𝑶&𝑴) × 𝑼𝑷𝑽   (5-8) 

 (Adapted from: Randolph 2008, p. 198) 

Where PVS stands for present value savings, AESR denotes annual electricity savings and 
revenues, O&M refers to annual operations and maintenance costs and UPV is uniform 
present value.  

NPV is one of the most recognized metrics to analyze capital investment projects. Here, NPV 
is the difference between the initial capital cost and the PVS, given that required capital is 
already available to the investor. If the NPV is positive, the investment is said to be cost-
effective. The larger the value of NPV is, the more benefits the investment has. 
Simultaneously, if mutually exclusive projects are weighted against each other, their 
calculated NPVs can be compared in order to localize the more cost-effective investment.   

 NPV = PVS – IC  (5-9) 

 (Source: Randolph 2008, p. 198) 

Where NPV is the net present value, PVS denotes present value savings and IC stands for 
initial capital cost.  

 

5.8 Cost of conserved energy, capital recovery factor 
 

CCE is another popular measure for energy and efficiency investments as it enables one to 
directly compare the cost of energy generated (or avoided) by the project to existing or 
expected energy prices. CCE considers the time-value of money through the capital recovery 
factor (CRF), using a discount rate. The CRF is the traditionally used mortgage rate factor 
that spreads out a one-time capital expense over number of years with equal annual payments 
(Randolph et al. 2008, p. 196). To observe when the CCE of a PV plant is equal or lower than 
utility price, the utility price is subjected to escalation. Here, also annual O&M cost are 
included in the calculations: 

 𝑪𝑹𝑭 =  
𝒅 × (𝟏+𝒅)𝒏

(𝟏−𝒅)𝒏−𝟏
  (5-10) 

 (Source: Randolph 2008, p. 200) 
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 𝑪𝑪𝑬 =  
𝑰𝑪 × 𝑪𝑹𝑭+ 𝑶&𝑴

𝑨𝑨𝑬𝑷
 (5-11) 

 (Adapted from: Randolph 2008, p. 200) 

Where CRF is the capital recovery factor, d stands for discount rate, n is the study period in 
years, CCE denotes cost of conserved energy, IC is the initial capital cost, O&M refers to 
annual operation and maintenance costs and AAEP stands for adjusted annual energy 
production.  

The calculated CCE is put in comparison to average estimated grid price with established 
escalation rates from year 2015 to 2040 (the expected lifetime of the system). The above is 
utilized to determine for which escalation rates the CCE of the PV system is lower than the 
grid electricity price in respect to given scenario.  

 

5.9 Benefit-cost ratio 
 

The benefit-cost ratio compares annualized monetary savings and annualized costs to provide 
a ratio of benefit to costs. Cost-effective investment is indicated by BC ratio greater than one 
(Randolph et al. 2008, 198).  

 𝑩𝑪 =  𝑷𝑽𝑺/𝑰𝑪  (5-12) 

 (Source: Randolph 2008, p. 199) 

Where BC refers to benefit-cost ratio, PVS is present value savings and IC denotes initial 
capital cost.  

 

5.10 Analysis scenarios 
 

To account for uncertainty in the values that are primary drivers of the PV investment cost-
effectiveness, the analysis is carried out in four sets of parameters with progressively more 
optimistic assumptions in the parameters themselves. Table 3 summarizes the values of the 
parameters, where bold figures represent those parameters unique to each scenario. 

Summary of all used values and formulas presented in Chapter 5 can be found in the 
Appendixes (Chapter 10.1).  
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Table 3 Summary of used sets of parameters for analysis scenarios 

 

Very 

conservative Conservative Baseline  Optimistic 

Nominal system output (kWp) 5500 5500 5500 5500 
Global horizontal irradiance 
(kWh/m2) 950 1000 1050 1050 

Module conversion efficiency (%) 15.9 16.2 16.5 16.8 

System size (m2) 34 34 34 34 
Performance ratio (%) 81.5 81.5 81.5 81.5 
Lifetime (years) 25 25 25 25 
Investment cost (SEK/kWp) 22 21 20 19 

Annual O&M (SEK/year) 632.8 632.8 632.8 632.8 
Electricity price (SEK/kWh) 1.08 1.08 1.22 1.38 

Feed-in rate (SEK/kWh) 0.47 1.15 1.29 1.47 

Feed-in tax credit (SEK/kWh) 0.6 0.6 0.6 0.6 
Real discount rate (%) 6.4 4.9 3.4 2 

Real escalation rate (%) 0.4 1.4 2.4 3.4 

Real interest rate with tax 
deduction (%) 5.4 3.3 1.9 1.2 

Implied long-term inflation rate 
(%) 1.54 1.54 1.54 1.54 
 

Parameters that vary according to respective scenario are, (i) global horizontal irradiance 
(950 ï 1050 kWh/m2); (ii) module conversion efficiency (15.9 ï 16.8%); (iii) investment cost 
(22 ï 19 SEK/Wp); (iv) electricity price (1.08 ï 1.38 SEK/kWh); (v) feed-in rate (0.47 ï 1.47 
SEK/kWh); (vi) real discount rate (6.4 ï 2%); (vii) real escalation rate (0.4 ï 3.4%) and (viii) 
real interest rate with tax deduction (5.4 ï 1.2%). 
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6 Results of financial appraisal  
 

6.1 Default financial appraisal 
 

The results of the default (i.e. with no state incentives) financial appraisal are presented in 
Figure 6-1, where the net present value (NPV) is on the left hand side and corresponding 
benefit-cost (BC) ratio on the right. Presented results are respective to different sets of 
parameters (scenarios) laid out in Chapter 5.  

 
Figure 6-1 NPV and BC ratio under default conditions, scenario analysis.  

Under the default conditions, the expected financial returns of assessed photovoltaic (PV) 
plant are relatively unfavorable. In the óhighest confidenceô (baseline) set of parameters, the 
PV system just recovers expenses at the very end of the assumed system lifetime, with 
marginal NPV of 6,913 SEK and BC ratio 1.06. Cost-effectiveness is not achieved in very 
conservative (NPV -77,706 SEK; BC 0.36) and conservative scenarios (NPV -44,582 SEK; 
BC 0.61). The investment would only be economical under the optimistic set of parameters, 
with rather high NPV of 93,921 SEK and BC 1.9. 

Figure 6-2 shows simple payback period (SPP) using standard calculation method without 
discount and escalation rates and also enhanced SPP accounting for time-value of money 
(TVM). 
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Figure 6-2 SPP under default conditions, scenario analysis 

The PV plant fails to payback within its lifetime under both the very conservative and 
conservative set of parameters, regardless of the inclusion of time-value of money in SPP. In 
the baseline scenario plant exhibits slightly better performance (20.8 years) when discount 
and escalation rate are not included in the calculations, than when they are (23.4 years), 
resulting into payback within systemôs  lifetime. Optimistic scenario shows improved 
payback period with better performance when TVM is accounted for (13.2 years) than not 
(16 years). 

Figure 6-3 shows the cost of conserved energy (CCE) when compared to the expected 
escalation in grid electricity prices.  

 
Figure 6-3 Default CCE under projected grid electricity prices.  

CCE of corresponding scenario is shown subtracted of average projected grid electricity 

price (=average 2015:2040) under various escalation rates (2%; 3%; 4%; 5%). 

In the figure above, scenario CCE is shown in comparison to escalation rates (these are 
displayed as nominal for illustration purposes, whereas the calculations use real escalation 
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rates). Under very conservative set of parameters, the PV system cannot produce cheaper 
electricity using any of the assumed escalation rates. Similarly, under conservative scenario 
only the highest (5%) escalation rate would possibly outweigh the CCE of the 
microgenerator. Baseline scenario shows however, that escalation rates with higher pace 
could potentially lead into situation where PV system produces cheaper electricity (0.16 
SEK/kWh cheaper for 4% escalation; 0.66 SEK/kWh for 5% escalation). Somewhat 
unexpectedly, the microgenerator would produce more expensive electricity even in the 
optimistic scenario if the escalation rate is very low (-0.02 SEK/kWh; 2% escalation). 

The default financial appraisal yielded rather unfavorable financial performance of the 
assessed microgenerator with low or negative cost-effectiveness under most scenarios, where 
only the optimistic set of parameters achieved notable positive financial results. As 
reductions of upfront capital cost coupled with higher revenues could be presumably 
impactful on the economic performance of the PV system, Section 6.2 incorporates the 
current government support mechanisms into the calculations and the results are revisited 
there. 

 

6.2 Government support mechanisms, financial appraisal revisited 
 

Chapter 4 presented the two main components of government support mechanisms in regards 
to PV microgeneration in Sweden, the state rebate on the investment cost and tax credit for 
feed-ins. Hence their impact is shown in Figure 6-4 displaying the NPV and BC ratio of 
assessed PV system under current government support. 

 
Figure 6-4 NPV and BC ratio with government support, scenario analysis 

The inclusion of current government support mechanism in the financial appraisal 
considerably improved the performance of the PV system. Under the baseline scenario, both 
the NPV (41,641 SEK) and BC ratio (1.47) highlight cost-effective and favorable investment. 
Under the most affirmative set of parameters, the microgenerator is performing extremely 
well, yielding a NPV of 133,504 SEK and BC ratio of 2.47. Nevertheless, with slightly more 
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skeptical assumptions in the conservative scenario NPV is still negative (-12,553 SEK) with 
BC ratio under one (0.86).  

Simple payback periods shown in Figure 6-5 below display the improved performance of the 
PV plant. Note how in conservative scenario the inclusion of TVM drags the payback period 
outside the assumed lifetime of the microgenerator.  

 
Figure 6-5 SPP with government support, scenario analysis 

The SPP for baseline scenario is well below the estimated lifetime of the system at 15 years 
with no TVM and 17 years with TVM. Under all considered scenarios the PV plant 
eventually breaks even (yet only one month before the expected end of service in the very 
conservative scenario), when regular consumer approach to SPP is undertaken. However, 
when TVM is introduced only baseline and optimistic sets of parameters ensure that the 
microgenerator pays back for itself.  

Figure 6-6 shows the now lower CCE in comparison to the expected escalation in grid 
electricity prices. 
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Figure 6-6 CCE with government support under projected grid electricity prices.  

CCE of corresponding scenario is shown subtracted of average projected grid electricity 

price (=average 2015:2040) under various escalation rates (2%; 3%; 4%; 5%).  

The figure above displays scenario CCE subtracted of grid electricity price. Escalation rates 
are shown as nominal (for illustration purposes, calculations use real rates) and the value of 
grid electricity price is averaged over the projected system lifetime. Lower CCE, due to 
government support, created a situation where for every different set of parameters at least 
one escalation rate exist which makes the microgenerator a cheaper option. In the baseline 
scenario now all escalation rates, except for very low (2% nominal), result into positive 
financial performance of the PV plant in comparison to grid electricity prices.  

The analysis suggests that the current governmental support mechanisms are vital for the 
cost-effectiveness of PV systems in Sweden. Without these, the investment would yield only 
marginal or negative financial results. However, in cases where money are subjected to their 
time-value (i.e. in all analysis tools except for standard SPP), changes in discount rates (lower 
or higher) may result into severe implications for the cost-effectiveness of the project. Hence 
Section 6.3 discusses the results of the internal rate of return (IRR) under different set of 
parameters and also included the possibility of loan financing in cases where the upfront 
capital costs are too high for the individual. 

  

6.3 IRR results and loan financing 
 

As explained in Chapter 5, the IRR serves as an indicator of the estimated rate of growth the 
project is expected to generate. Practically, IRR is homogenous to a discount rate which 
would bring the investment to a projected net present value of zero over the studied period. 
Positive IRR stipulates that there exist at least some positive discount rates which can be 
applied to the investment. Figure 6-7 shows the real IRR values for different sets of 
parameters under both default conditions and government support mechanisms. 
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Figure 6-7 Real IRR for default conditions and with government support  

As apparent from the figure above, government support significantly enhances the 
investmentôs internal rate of return, up to a point where except for optimistic set of 
parameters the government incentives need to be included to result into any sensual IRR. 
Baseline scenario has a real IRR of 2.4% by default and 5.3% with government support. In 
the very conservative scenario, yielded IRR is negative under both circumstances, thus 
marking a net negative investment.  

Section 5.4 further described the logic behind using IRR in comparison to projectôs minimum 
acceptable rate of return (MARR) (i.e. the hurdle rate). Recall that MARR will be very 
different for private and corporate investments, however for private purposes we may 
simplify it into assumption that MARR is the opportunity cost of the investment, or in case a 
loan is obtained to finance the system, the interest rate of that loan. Hence calculated IRR 
here can be compared with financial returns of a different investment available for the 
individual. In every case it is valid that, if IRR > MARR, the investment is cost-effective. 
Note that the IRR presented here is real (i.e. subtracted of inflation) and majority of 
comparable low-risk or risk-free investments (i.e. savings bank account) may have nominal 
interest rates lower than the actual inflation rate, resulting into net financial loss. Figure 6-8 
shows the IRR performance when a loan is obtained to finance the PV plant assuming various 
nominal interest rates (these are converted into real rates also including tax deductions in the 
calculations). Therefore scenario IRR is subtracted of various interest rates to determine 
where a loan can be obtained to finance the PV system.  
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Figure 6-8 IRR under various interest rates, scenario analysis.  

IRR of corresponding scenario is shown subtracted of various interest rates (10%; 7%; 5%, 

4%) after tax deduction.  

The results show that for both conservative scenarios a loan obtained at almost any sensible 
interest rate would deem the investment into financial loss (IRR < MARR). However, in the 
baseline scenario including government support an interesting opportunity is present. Under 
such circumstances, a PV system could be profitable with no requirements on upfront capital 
at all interest rates, except for the highest one (10%, nominal).  
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7 Conclusion, discussion and recommendations 
 

7.1 Conclusion 
 

The financial appraisal of the selected 5.5 kWp photovoltaic (PV) system was applied in this 
thesis to analyze its performance under default market conditions and with the inclusion of 
government support mechanisms. The costs, including the value added tax (VAT), and 
benefits in the form of avoided electricity consumption and feed-in revenues (including tax 
credits in the government support part) were assumed. Electricity escalation rates and 
discount rates were expressed in real terms to better represent the reality of the investment in 
the time-value of money conditions. Opportunity cost has been explored via comparison of 
various interest rates to the projectôs internal rate of return. In addition, four sets of 
parameters were applied and integrated into scenarios to outline the financial implications 
outside of the most likely outcome.  

A default analysis (no government support) revealed that the PV system performs rather 
poorly. In the baseline scenario, the PV plant just breaks-even in the net present value (NPV), 
with indifferent benefit-cost (BC) ratio (near 1) and simple payback period just below the 
estimated lifetime of the system. Other scenarios, apart from the most optimistic one, yielded 
negative financial returns. Similarly, in order for the system to generate cheaper electricity in 
comparison to grid prices, very high (5% nominal) escalation rate would have to be applied. 
As such, the studied PV system would not present a risk-free and cost-efficient investment.  

The PV plant clearly required (and requires) some governmental support. Here, a state rebate 
was added to the calculated system cost and tax credit enhanced the feed-in revenues. This 
shed a different light on the investment. Within the baseline set of parameters, the PV 
microgenerator yielded a positive NPV of 34,802 SEK, BC ratio of 1.4 and simple payback 
15.8 years (17.9 when time-value of money was accounted for). Also, cost of conserved 
energy (CCE) was lower or on par with average projected grid electricity prices for all except 
for very low (2% nominal) escalation rates.  

With a set of various interest rates, loan financing of the system was also explored. As 
expected, obtaining a loan would not be an option under the default conditions. The situation 
is different however with government support. Tax reductions (30%) on interest rates for 
private loans enabled the PV system in the baseline scenario to be utterly financed through a 
loan at various rates (7 - 4%; nominal). Similar rates can be applied for the calculation of 
personal opportunity cost (minimum acceptable rate of return of 7 ï 4%; nominal).  

 

7.2 Main contribution of the study 
 

The main contribution of this thesis can be seen in the application of a detailed financial 
appraisal tools on residential, grid-connected PV systems. The results of the study may be 
interpreted as an updated analysis of the financial performance of such systems in Sweden, 
where the most recent data on electricity prices, system costs, electricity yields and state 
support mechanisms have been utilized. Innovatively, not only discount rates have been used 
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in the work, but also escalation rates for electricity prices have been estimated to better 
understand the real situation. 

Moreover, the analysis has been carried out in four scenarios to present the most-likely 
outcome, but also the financial behavior of the investment when conditions were changed. In 
addition, internal rates of return were established for easier identification of suitable loan 
interest rates that can be obtained to finance the PV plant or to evaluate comparable 
investment options.   

 

7.3 Limitations of the study 
 

There is a number of limitations to this study. Firstly, performance figures and global 
horizontal irradiance data for the analyzed PV system were taken from manufacturerôs 
specifications lists and the SHMI website, respectively. To improve the precision for the 
actual system electricity production, on spot performance measurements would be a 
preferred. Secondly, a wide range of assumptions in terms of economy of the system were 
necessarily made. For instance, net metering assumed in baseline scenario presents only 
partial representation of the current market, prices both higher and lower can be obtained 
from various energy companies. Also, electricity prices may vary from provider to provider 
and different conditions (e.g. transmission costs, annual fees, etc.) may apply. Similarly, 
system costs are different across distributors, along with module types and services included 
or not included in the purchase (e.g. installation, maintenance, decommissioning). 

Thirdly, rates used in the thesis were also selected arbitrarily. For instance, discount rates can 
be subjected to personal preference (e.g. more or less ópatientô individual) or the opportunity 
cost. In similar manner, escalation and inflation rates depend on many parameters and are 
rather hard to predict. Nevertheless, the median and average rate values used in the work may 
present inaccurate representation of the actual reality.  

Lastly, other possible technical issues were omitted from the analysis. Of those, one can 
argue that the inverter may need to be replaced more than once during a 25 year system 
lifetime or that solar system actually requires some additional maintenance at extra cost. As 
such, the results of this work should be taken as the best possible end-user indication of the 
financial aspects of distributed PV generation in Sweden, where actual measurements and 
simulations were not possible (which is most often the case for the consumers too). 

 

7.4 Future outlook and recommendations 
 

Solar energy and distributed PV generation in particular could arguably present a major 
addition to countriesô energy system. Being a clean energy source at least in their operation 
stage (see Section 3.4), solar generation is in accordance with carbon-reduction policies and 
variety of regulations concerning clean energy sources. Furthermore, distributed generation 
can lead to better balancing of the grid, higher energy literacy among consumers, the ódouble-
dividend effectô28 and creation of bi-directional model when previous consumers-only 
                                                             
28 óThe double-dividend effect occurs when a small scale domestic renewable systems generating electricity 
induces overall demand reduction, particularly if accompanied by a smart meter (Harajli 2009, p.168). However, 
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become also producers. This is also true for Sweden. Yet the market here is at its very early 
stages, where PV systems have only marginal share in the energy mix and questions about 
their cost-effectiveness present a concern. Nevertheless, the analysis here showed that 
governmental support mechanisms, if used correctly and to their maximum extent, can make 
the investment into PV plant profitable.  

Carlstedt (et al. 2006, p. 49) in a very thorough analysis of the Swedish PV market in 2006 
predicted that in 2020 the cost of conserved energy (CCE) for solar PV would be in the range 
of 3 ï 5 SEK/kWh. In the long term, 2050, he adds that the CCE could reach a value of 2 
SEK/kWh (Ibid.). It seems however, that the steep downward trend in PV module prices has 
been grossly underestimated in the aforementioned study. This thesis shows that CCE of 2 
SEK/kWh and lower (especially in the scenario with government support) was already 
achieved as of 201529. As such, the future may be bright for solar generation in Sweden 
(literarily).  

It could be hard for a regular consumer to arrive to a conclusion that an installation of a PV 
system is a cost-effective investment, however. Firstly, establishment of the actual retail (or 
total) electricity price in Sweden is rather complicated. This is especially due to the (non-) 
inclusion of the transmission charges in the electricity price. The state-regulated and biggest 
electricity comparison website, Elpriskollen, only displays the electricity price before the 
transmission charges. As the latter vary depending on region and cannot really be influenced 
by the consumer, individuals may be lead into confusion on how to accurately calculate the 
total electricity price. Further, network charges usually slightly change when consumer 
becomes a micro-producer. Secondly, one can arrive to the conclusion that somewhat 
misleading information about the performance of PV plants are presented by the sellers. 
Typically, the óexpected electricity productionô (in kWh of alternating current) is shown as 
constant during the entire system lifetime. However, as explained in Section 3.3, one must 
also account for the annual degradation of the modules. Conclusively, this may lead to 
overestimation in terms of electricity generation which only shows later on, not exactly in the 
first years after the system installation. Together these two factors may lead to uncertainty 
among the potential adopters. As the PV market is still in the early-adopters stage, the above 
should be rectified if more widespread uptake of the microgenerators is desired.  

Correspondingly, consumers may face uncertainty in terms of governmental support 
mechanisms as well as feed-in revenues, while these are both crucial to PV systems cost-
effectiveness. As shown in Chapter 6, PV plants in Sweden do not financially perform well 
under the default market conditions. Government support therefore presents a necessity, at 
least for now. Yet the state subsidy has been lowered to 20% of the initial system cost in 
2015 (from previous 35%) and tax rebates have been introduced only very recently. In 
addition, all of these are only guaranteed for couple of years ahead. Moreover, green 
electricity certificates (GEC) which are supposed to trigger more renewable energy 
generation, have very little value for almost any kind of PV micro-producer. The cost of the 
special metering system, its installation cost and annual fee paid to Kraftnªt for eligibility of 
GEC would usually outweigh any possible benefits. A clearer vision and commitment to solar 

                                                             
studies from United Kingdom and other countries showed, that the correlation between distributed energy 
generation and reductions in consumption is unclear and in some cases the installation of a microgenerator even 
lead to an increased electricity consumption (Harajli, 2009).  
29 CCE range with no support: 2.51 ï 1.22 SEK/kWh. CCE range with government support: 2.04 ï 1.00 
SEK/kWh.  
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energy from the government is hence something one can be supportive of. One can also have 
ambivalent feelings about the feed-ins and their revenues. Since there are no governmental 
regulations on the structure of the feed-in revenues, each energy provider may choose freely 
what to pay the micro-producers for their excess electricity. This leads to a situation where 
the conditions may change very spontaneously, changing the financial reality of the PV 
system. Hence, one can either financially re-appraise the system without feed-ins, which 
would probably deemed it cost-ineffective, or think about the possibility of self-storage at 
additional cost (see Section 7.5). Therefore, state regulation on minimum feed-in tariff is a 
second proposition made here. Similar recommendations: (i) deployment of long-term targets 
for PV; (ii) ensuring of stable and predictable financing environment; (iii) ensuring that 
combination of self-consumption and fair remuneration for feed-ins allows for increased 
uptake of distributed PV generation; and (iv) identification and provision of suitable level of 
public funding for research and development, are also emphasized in International Energy 
Agencyôs Roadmap action plan for solar power in Europe (2014a, p. 51).  

 

7.5 Further work 
 

Section 7.3 noted as one of the limitations of this study the absence of real on-spot 
measurements for PV systems performance. A similar work to the one here could be 
therefore carried out including the aforementioned. In addition, a real-time load simulations 
would: (i) enable to more precisely determine the ratio between self-consumed and exported 
electricity; and (ii) improve the cash flows where no net-metering is applied, as the feed-in 
revenues would correspond to Nord Pool Spot prices, for instance. 

An expansion of this work would also be desired, perhaps including a more general cost-
benefit analysis (CBA) of distributed PV generation encompassing transfers of funds (e.g. 
where public funds are used to support PV deployment) and environmental externalities (e.g. 
savings due to utilization of cleaner energy source). In other words such study could be called 
a social CBA which would serve as a comparative tool for the evaluation of proposed public 
expenditures or regulatory activities with the goal to identify the alternative which would 
make the most efficient use of societyôs scarce resources in promoting social objectives 
which maximized net social benefits (Campen 1986, in Harajli 2009, p. 34).  

Lastly, a very recent announcement on the field of battery storage triggered an interesting 
possible addition to this work. Tesla motors, one of the world leaders in the electric car 
industry, presented a home battery pack with 7 kWh and 10 kWh storage options, which 
would allow individuals to consume all generated electricity on the spot, loosening the 
dependence on feed-in tariffs (FIT).  The word revolutionary is often used in newspaper 
headlines for this battery pack. What actually really is quite revolutionary is its price. The 
battery is offered at retail price of 3000 and 3500 USD, respectively (Tesla Motors 2015). 
Hence another financial appraisal with the inclusion of battery storage and exclusion of FIT 
revenues could unveil different investment option for individuals currently weighing up the 
uptake of a PV system.  
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10 Appendixes 
 

10.1 Summary of used parameter values and formulas 
 

Abbreviation Units Formula in Value Column Very conservative Conservative Baseline Optimistic 

GHI kWh/m2  950 1000 1050 1100 

Ef %  15.9 16.2 16.5 16.8 

a m2  34 34 34 34 

AEP kWh AEP = GHI * Ef *a 5135.7 5508 5890.5 6283.2 

Wp Wp  5500 5500 5500 5500 

L %/100  0.9 0.9 0.9 0.9 

D %/100  0.9058 0.9058 0.9058 0.9058 

PR %/100 PR = L * D 0.815 0.815 0.815 0.815 

AAEP kWh AAEP = AEP * PR 4186.7 4490.2 4802.1 5122.2 

SC SEK/Wp  22 21 20 19 

IC SEK IC = Wp * SC 121000 115500 110000 104500 

SR SEK SR = 0.2 * IC 24200 23100 22000 20900 

ˊ %/100  0.0156 0.0156 0.0156 0.0156 

di %/100  0.080 0.065 0.050 0.035 

d %/100 [(100 + di) / (100 + ˊ) - 1] * 100 0.064 0.049 0.034 0.019 

ei %/100  0.020 0.030 0.040 0.050 

e %/100 [(100 + ei) / (100 + ˊ) - 1] * 100 0.004 0.014 0.024 0.034 

Pr SEK/kWh  1.08 1.08 1.22 1.38 

FIT SEK/kWh  0.47 1.15 1.29 1.47 

Tc SEK/kwh  0.6 0.6 0.6 0.6 

AESR SEK/year AESR = 0.8 * AAEP * Pr + 0.2 * AAEP * FIT 4010.9 4912.3 5925.7 7160.8 

AESR SEK/year AESR = 0.8 * AAEP * Pr + 0.2 * AAEP * (FIT + Tc) 4513.3 5451.1 6502.0 7775.5 

O&M (total) SEK  15820 15820 15820 15820 

n years  25 25 25 25 

O&M SEK/year O&M = O&M (total) / n 632.8 632.8 632.8 632.8 

ri %/100  0.1 0.07 0.05 0.04 

ril %/100 ril = ri * 0.7 0.07 0.049 0.035 0.028 

r %/100 [(100 + ril) / (100 + ˊ) - 1] * 100 0.054 0.033 0.019 0.012 

UPV  [(1 + e) / (d - e)] * {1 - [(1 + e) / (1 + d)] ^ n} 12.82 16.57 22.09 30.40 

CRF  d * (1 + d) ^n / [(1 + d) ^n - 1] 0.081 0.070 0.060 0.051 

SPP years SPP = IC / (AESR - O&M)     
SPP years SPP = IC / [(× net annual cash flow) / n]     
PVS SEK PVS = (AESR - O&M) * UPV     
NPV SEK NPV = IC - PVS     
CCE SEK/kWh CCE = (IC * CRF + O&M) / AAEP     
BCR  BCR = PVS / IC     
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10.2 Complete results of default financial appraisal 
 

 Very conservative  Conservative  Baseline Optimistic  

Nominal power capacity  (kWp) 5500 5500 5500 5500 

Investment cost (SEK) 121000 115500 110000 104500 

Global horizontal irradiance (kWh/m2) 950 1000 1050 1050 

Module conversion efficiency 0.159 0.162 0.165 0.168 

System size (m2) 34 34 34 34 

Performance ratio (%) 0.815 0.815 0.815 0.815 

Adjusted annual energy production (kWh AC) 4186.73 4490.23 4802.05 5122.19 

Electricity price (SEK) 1.08 1.08 1.22 1.38 

Annual electricity savings (SEK; 80% of total prodcuction) 3617.33 3879.56 4686.80 5654.90 

Feed-in tariff (SEK/kWh) 0.47 1.15 1.29 1.47 

Annual feed-in revenue (SEK; 20% of total production) 393.55 1032.75 1238.93 1505.92 

Annual electricity savings and revenues (SEK) 4010.88 4912.31 5925.73 7160.82 

Annual O&M (SEK) 632.8 632.8 632.8 632.8 

Real discount rate (%/100) 0.06 0.05 0.03 0.02 

Real escalation rate (%/100) 0.00 0.01 0.02 0.03 

Lifetime (years) 25 25 25 25 

SPP 35.8 27.0 20.8 16.0 

SPP (time value of money) 69.7 40.5 23.4 13.2 

UPV 12.82 16.57 22.09 30.40 

CRF 0.08 0.07 0.06 0.05 

CCE 2.51 1.95 1.51 1.16 

PVS 43294 70918 116913 198421 

NPV -77706 -44582 6913 93921 

BCR 0.36 0.61 1.06 1.90 

IRR (nominal) -0.02 0.01 0.04 0.07 

IRR (real) -0.04 -0.01 0.02 0.06 

 

10.2.1 Cash flows  

 

A) Very conservative scenario, default conditions (SEK) 

Period Investment Savings Revenues Net Cash Flow Present Value d 0.06 

0 -121000.00   -121000.00 -121000.00 NPV -77584 

1 -632.80 3617.33 393.55 3378.08 3173.82 IRR -0.02 

2 -632.80 3633.14 395.27 3395.61 2997.37 Escalation rate 0.00 

3 -632.80 3649.01 397.00 3413.21 2830.72 SPP (time value) 69.67 

4 -632.80 3664.95 398.73 3430.89 2673.33   
5 -632.80 3680.97 400.48 3448.64 2524.68   
6 -632.80 3697.05 402.23 3466.48 2384.28   
7 -632.80 3713.20 403.98 3484.39 2251.68   
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8 -632.80 3729.43 405.75 3502.38 2126.45   
9 -632.80 3745.72 407.52 3520.44 2008.17   
10 -632.80 3762.09 409.30 3538.59 1896.47   
11 -632.80 3778.53 411.09 3556.82 1790.97   
12 -632.80 3795.04 412.89 3575.12 1691.33   
13 -632.80 3811.62 414.69 3593.51 1597.23   
14 -632.80 3828.27 416.50 3611.97 1508.36   
15 -632.80 3845.00 418.32 3630.52 1424.43   
16 -632.80 3861.80 420.15 3649.15 1345.16   
17 -632.80 3878.67 421.99 3667.86 1270.30   
18 -632.80 3895.62 423.83 3686.65 1199.61   
19 -632.80 3912.64 425.68 3705.52 1132.84   
20 -632.80 3929.74 427.54 3724.48 1069.78   
21 -632.80 3946.91 429.41 3743.52 1010.23   
22 -632.80 3964.15 431.29 3762.64 953.99   
23 -632.80 3981.47 433.17 3781.84 900.88   
24 -632.80 3998.87 435.06 3801.13 850.72   
25 -632.80 4016.34 436.96 3820.51 803.36   

     -77583.84   
 

B) Conservative Scenario, default conditions (SEK) 

Period Investment Savings Revenues Net Cash Flow Present Value d 0.05 

0 -115500.00   -115500.00 -115500.00 NPV -44224 

1 -632.80 3879.56 1032.75 4279.51 4078.20 IRR 0.01 

2 -632.80 3935.30 1047.59 4350.09 3950.46 Escalation rate 0.01 

3 -632.80 3991.84 1062.64 4421.69 3826.59 SPP (time value) 40.51 

4 -632.80 4049.20 1077.91 4494.31 3706.47   
5 -632.80 4107.37 1093.40 4567.97 3590.01   
6 -632.80 4166.39 1109.11 4642.70 3477.10   
7 -632.80 4226.25 1125.04 4718.49 3367.64   
8 -632.80 4286.97 1141.21 4795.38 3261.51   
9 -632.80 4348.57 1157.60 4873.37 3158.64   
10 -632.80 4411.04 1174.24 4952.48 3058.92   
11 -632.80 4474.42 1191.11 5032.73 2962.26   
12 -632.80 4538.71 1208.22 5114.13 2868.58   
13 -632.80 4603.92 1225.58 5196.70 2777.77   
14 -632.80 4670.07 1243.19 5280.46 2689.77   
15 -632.80 4737.17 1261.05 5365.42 2604.48   
16 -632.80 4805.23 1279.17 5451.60 2521.83   
17 -632.80 4874.27 1297.55 5539.02 2441.74   
18 -632.80 4944.30 1316.19 5627.69 2364.13   
19 -632.80 5015.34 1335.10 5717.64 2288.93   
20 -632.80 5087.40 1354.28 5808.88 2216.07   
21 -632.80 5160.49 1373.74 5901.44 2145.47   
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22 -632.80 5234.64 1393.48 5995.32 2077.08   
23 -632.80 5309.85 1413.50 6090.55 2010.81   
24 -632.80 5386.14 1433.81 6187.15 1946.61   
25 -632.80 5463.53 1454.41 6285.14 1884.42   

     -44224.47   
 

C) Baseline scenario, default conditions (SEK) 

Period Investment Savings Revenues Net Cash Flow Present Value d 0.03 

0 -110000.00   -110000.00 -110000.00 NPV 7275 

1 -632.80 4686.80 1238.93 5292.93 5117.09 IRR 0.04 

2 -632.80 4801.00 1269.12 5437.32 5082.04 Escalation rate 0.02 

3 -632.80 4917.99 1300.04 5585.23 5046.84 SPP (time value) 23.45 

4 -632.80 5037.82 1331.72 5736.74 5011.53   
5 -632.80 5160.57 1364.17 5891.94 4976.11   
6 -632.80 5286.31 1397.41 6050.92 4940.60   
7 -632.80 5415.12 1431.46 6213.78 4905.01   
8 -632.80 5547.07 1466.34 6380.60 4869.37   
9 -632.80 5682.23 1502.06 6551.49 4833.67   
10 -632.80 5820.68 1538.66 6726.55 4797.95   
11 -632.80 5962.51 1576.16 6905.87 4762.20   
12 -632.80 6107.79 1614.56 7089.55 4726.45   
13 -632.80 6256.62 1653.90 7277.72 4690.70   
14 -632.80 6409.07 1694.20 7470.47 4654.97   
15 -632.80 6565.23 1735.48 7667.91 4619.26   
16 -632.80 6725.20 1777.77 7870.17 4583.59   
17 -632.80 6889.07 1821.09 8077.36 4547.96   
18 -632.80 7056.93 1865.46 8289.59 4512.40   
19 -632.80 7228.88 1910.91 8506.99 4476.89   
20 -632.80 7405.02 1957.47 8729.70 4441.46   
21 -632.80 7585.45 2005.17 8957.82 4406.11   
22 -632.80 7770.28 2054.03 9191.51 4370.85   
23 -632.80 7959.61 2104.08 9430.89 4335.69   
24 -632.80 8153.56 2155.35 9676.11 4300.64   
25 -632.80 8352.23 2207.86 9927.29 4265.69   

     7275.07   
 

D) Optimistic scenario, default conditions (SEK) 

Period Investment Savings Revenues Net Cash Flow Present Value d 0.02 

0 -104500.00   -104500.00 -104500.00 NPV 93477 

1 -632.80 5654.90 1505.92 6528.02 6404.00 IRR 0.07 

2 -632.80 5849.23 1557.67 6774.10 6519.14 Escalation rate 0.03 

3 -632.80 6050.23 1611.20 7028.64 6635.59 SPP (time value) 13.20 

4 -632.80 6258.15 1666.57 7291.92 6753.36   
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5 -632.80 6473.21 1723.84 7564.25 6872.47   
6 -632.80 6695.66 1783.08 7845.94 6992.97   
7 -632.80 6925.75 1844.36 8137.31 7114.87   
8 -632.80 7163.75 1907.74 8438.69 7238.20   
9 -632.80 7409.93 1973.30 8750.43 7362.99   
10 -632.80 7664.57 2041.11 9072.88 7489.27   
11 -632.80 7927.96 2111.25 9406.41 7617.07   
12 -632.80 8200.40 2183.80 9751.40 7746.41   
13 -632.80 8482.20 2258.85 10108.25 7877.33   
14 -632.80 8773.69 2336.47 10477.36 8009.85   
15 -632.80 9075.20 2416.76 10859.16 8144.00   
16 -632.80 9387.06 2499.82 11254.08 8279.82   
17 -632.80 9709.65 2585.72 11662.57 8417.34   
18 -632.80 10043.31 2674.58 12085.09 8556.57   
19 -632.80 10388.45 2766.49 12522.14 8697.57   
20 -632.80 10745.44 2861.56 12974.20 8840.35   
21 -632.80 11114.71 2959.89 13441.80 8984.95   
22 -632.80 11496.66 3061.61 13925.47 9131.40   
23 -632.80 11891.74 3166.82 14425.76 9279.74   
24 -632.80 12300.39 3275.65 14943.24 9429.99   
25 -632.80 12723.09 3388.21 15478.51 9582.20   

     93477.43   
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10.3 Complete results of financial appraisal with government support 
 

 Very conservative  Conservative  Baseline Optimistic  

Nominal power capacity (kWp) 5500 5500 5500 5500 

Investment cost (SEK) 121000 115500 110000 104500 

State rebate (SEK) 24200 23100 22000 20900 

Global horizontal irradiance (kWh/m2) 950 1000 1050 1050 

Module conversion efficiency 0.159 0.162 0.165 0.168 

System size (m2) 34 34 34 34 

Performance ratio (%) 0.815 0.815 0.815 0.815 

Adjusted annual energy production (kWh AC) 4186.73 4490.23 4802.05 5122.19 

Electricity price (SEK) 1.08 1.08 1.22 1.38 

Annual electricity savings (SEK; 80% of total prodcuction) 3617.33 3879.56 4686.80 5654.90 

Feed-in tariff (SEK/kWh) 0.47 1.15 1.29 1.47 

Annual feed-in revenue (SEK; 20% of total production) 393.55 1032.75 1238.93 1505.92 

Annual electricity savings and revenues (SEK) 4010.88 4912.31 5925.73 7160.82 

Tax credit revenue (SEK/kWh) 502.41 538.83 576.25 614.66 

Annual electricity savings and revenues with tax credit (SEK) 4513.29 5451.14 6501.98 7775.48 

Annual O&M (SEK) 632.8 632.8 632.8 632.8 

Real discount rate (%/100) 0.06 0.05 0.03 0.02 

Real escalation rate (%/100) 0.00 0.01 0.02 0.03 

Lifetime (years) 25 25 25 25 

SPP 24.9 19.2 15.0 11.7 

SPP (time value of money) 48.6 28.8 17.0 9.7 

UPV 12.82 16.57 22.09 30.40 

CRF 0.08 0.07 0.06 0.05 

CCE 2.04 1.59 1.24 0.95 

PVS 49733 79847 129641 217104 

NPV -47067 -12553 41641 133504 

BCR 0.51 0.86 1.47 2.60 

IRR (nominal) 0.00 0.04 0.07 0.10 

IRR (real) -0.01 0.02 0.05 0.09 

 

10.3.1 Cash Flows 

 

A) Very conservative scenario, including government support (SEK) 

Period Investment Savings Revenues Net Cash Flow Present Value d 0.06 

0 -96800.00   -96800.00 -96800.00 NPV -46973 

1 -632.80 3617.33 895.96 3880.49 3645.84 IRR 0.00 

2 -632.80 3633.14 899.87 3900.21 3442.79 Escalation rate 0.00 

3 -632.80 3649.01 903.81 3920.02 3251.04 SPP (time value) 48.57 

4 -632.80 3664.95 907.75 3939.91 3069.96   
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5 -632.80 3680.97 911.72 3959.89 2898.95   
6 -632.80 3697.05 915.70 3979.96 2737.46   
7 -632.80 3713.20 919.71 4000.11 2584.95   
8 -632.80 3729.43 923.72 4020.35 2440.93   
9 -632.80 3745.72 927.76 4040.68 2304.93   
10 -632.80 3762.09 931.81 4061.10 2176.50   
11 -632.80 3778.53 935.89 4081.61 2055.22   
12 -632.80 3795.04 939.97 4102.21 1940.69   
13 -632.80 3811.62 944.08 4122.90 1832.53   
14 -632.80 3828.27 948.21 4143.68 1730.40   
15 -632.80 3845.00 952.35 4164.55 1633.96   
16 -632.80 3861.80 956.51 4185.51 1542.88   
17 -632.80 3878.67 960.69 4206.56 1456.88   
18 -632.80 3895.62 964.89 4227.71 1375.66   
19 -632.80 3912.64 969.10 4248.95 1298.97   
20 -632.80 3929.74 973.34 4270.27 1226.55   
21 -632.80 3946.91 977.59 4291.70 1158.16   
22 -632.80 3964.15 981.86 4313.21 1093.59   
23 -632.80 3981.47 986.15 4334.83 1032.61   
24 -632.80 3998.87 990.46 4356.53 975.03   
25 -632.80 4016.34 994.79 4378.33 920.65   

     -46972.87   
 

B) Conservative scenario, including government support (SEK) 

Period Investment Savings Revenues Net Cash Flow Present Value d 0.05 

0 -92400.00   -92400.00 -92400.00 NPV -12322 

1 -632.80 3879.56 1571.58 4818.34 4591.69 IRR 0.04 

2 -632.80 3935.30 1594.16 4896.66 4446.82 Escalation rate 0.01 

3 -632.80 3991.84 1617.07 4976.11 4306.39 SPP (time value) 28.85 

4 -632.80 4049.20 1640.30 5056.70 4170.28   
5 -632.80 4107.37 1663.87 5138.44 4038.35   
6 -632.80 4166.39 1687.77 5221.36 3910.49   
7 -632.80 4226.25 1712.02 5305.47 3786.57   
8 -632.80 4286.97 1736.62 5390.79 3666.48   
9 -632.80 4348.57 1761.57 5477.34 3550.10   
10 -632.80 4411.04 1786.88 5565.13 3437.32   
11 -632.80 4474.42 1812.55 5654.18 3328.05   
12 -632.80 4538.71 1838.60 5744.51 3222.16   
13 -632.80 4603.92 1865.01 5836.13 3119.57   
14 -632.80 4670.07 1891.81 5929.08 3020.17   
15 -632.80 4737.17 1918.99 6023.36 2923.86   
16 -632.80 4805.23 1946.56 6118.99 2830.56   
17 -632.80 4874.27 1974.53 6216.00 2740.17   
18 -632.80 4944.30 2002.90 6314.40 2652.61   
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19 -632.80 5015.34 2031.68 6414.22 2567.79   
20 -632.80 5087.40 2060.87 6515.47 2485.63   
21 -632.80 5160.49 2090.48 6618.17 2406.04   
22 -632.80 5234.64 2120.51 6722.35 2328.96   
23 -632.80 5309.85 2150.98 6828.03 2254.29   
24 -632.80 5386.14 2181.88 6935.22 2181.97   
25 -632.80 5463.53 2213.23 7043.96 2111.93   

     -12321.75   
 

C) Baseline scenario, including government support (SEK) 

Period Investment Savings Revenues Net Cash Flow Present Value d 0.03 

0 -88000.00   -88000.00 -88000.00 NPV 41701 

1 -632.80 4686.80 1815.18 5869.18 5674.19 IRR 0.07 

2 -632.80 4801.00 1859.41 6027.61 5633.75 Escalation rate 0.02 

3 -632.80 4917.99 1904.71 6189.90 5593.23 SPP (time value) 16.96 

4 -632.80 5037.82 1951.12 6356.14 5552.63   
5 -632.80 5160.57 1998.66 6526.43 5511.98   
6 -632.80 5286.31 2047.36 6700.88 5471.29   
7 -632.80 5415.12 2097.25 6879.57 5430.57   
8 -632.80 5547.07 2148.35 7062.62 5389.85   
9 -632.80 5682.23 2200.70 7250.13 5349.12   
10 -632.80 5820.68 2254.32 7442.20 5308.42   
11 -632.80 5962.51 2309.25 7638.96 5267.74   
12 -632.80 6107.79 2365.52 7840.51 5227.10   
13 -632.80 6256.62 2423.16 8046.98 5186.51   
14 -632.80 6409.07 2482.20 8258.47 5145.98   
15 -632.80 6565.23 2542.68 8475.11 5105.53   
16 -632.80 6725.20 2604.64 8697.04 5065.16   
17 -632.80 6889.07 2668.10 8924.37 5024.88   
18 -632.80 7056.93 2733.11 9157.24 4984.70   
19 -632.80 7228.88 2799.71 9395.79 4944.63   
20 -632.80 7405.02 2867.93 9640.15 4904.68   
21 -632.80 7585.45 2937.81 9890.46 4864.85   
22 -632.80 7770.28 3009.39 10146.87 4825.16   
23 -632.80 7959.61 3082.72 10409.53 4785.61   
24 -632.80 8153.56 3157.83 10678.59 4746.20   
25 -632.80 8352.23 3234.78 10954.21 4706.95   

     41700.70   
 

D) Optimistic scenario, including government support (SEK) 

Period Investment Savings Revenues Net Cash Flow Present Value d 0.02 

0 -83600.00   -83600.00 -83600.00 NPV 132440 

1 -632.80 5654.90 2120.59 7142.68 7006.98 IRR 0.10 
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2 -632.80 5849.23 2193.46 7409.89 7131.00 Escalation rate 0.03 

3 -632.80 6050.23 2268.84 7686.27 7256.45 SPP (time value) 9.67 

4 -632.80 6258.15 2346.81 7972.15 7383.35   
5 -632.80 6473.21 2427.45 8267.86 7511.73   
6 -632.80 6695.66 2510.87 8573.73 7641.63   
7 -632.80 6925.75 2597.16 8890.10 7773.08   
8 -632.80 7163.75 2686.41 9217.36 7906.09   
9 -632.80 7409.93 2778.72 9555.85 8040.71   
10 -632.80 7664.57 2874.21 9905.98 8176.96   
11 -632.80 7927.96 2972.98 10268.14 8314.88   
12 -632.80 8200.40 3075.15 10642.75 8454.49   
13 -632.80 8482.20 3180.83 11030.23 8595.82   
14 -632.80 8773.69 3290.13 11431.03 8738.91   
15 -632.80 9075.20 3403.20 11845.60 8883.79   
16 -632.80 9387.06 3520.15 12274.41 9030.50   
17 -632.80 9709.65 3641.12 12717.96 9179.06   
18 -632.80 10043.31 3766.24 13176.76 9329.50   
19 -632.80 10388.45 3895.67 13651.32 9481.87   
20 -632.80 10745.44 4029.54 14142.18 9636.19   
21 -632.80 11114.71 4168.01 14649.92 9792.50   
22 -632.80 11496.66 4311.25 15175.11 9950.83   
23 -632.80 11891.74 4459.40 15718.34 10111.23   
24 -632.80 12300.39 4612.65 16280.24 10273.71   
25 -632.80 12723.09 4771.16 16861.45 10438.33   

     132439.59   
 

10.4 Estimated grid electricity prices and cost of conserved energy 
 

A) Projected grid electricity prices (SEK/kWh) 

Year Very Conservative Conservative  Baseline Optimistic 

2015 1.08 1.08 1.22 1.38 

2016 1.08 1.10 1.25 1.43 

2017 1.09 1.11 1.28 1.48 

2018 1.09 1.13 1.31 1.53 

2019 1.10 1.14 1.34 1.58 

2020 1.10 1.16 1.38 1.63 

2021 1.11 1.18 1.41 1.69 

2022 1.11 1.19 1.44 1.75 

2023 1.12 1.21 1.48 1.81 

2024 1.12 1.23 1.52 1.87 

2025 1.13 1.25 1.55 1.93 

2026 1.13 1.26 1.59 2.00 

2027 1.14 1.28 1.63 2.07 
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2028 1.14 1.30 1.67 2.14 

2029 1.15 1.32 1.71 2.21 

2030 1.15 1.34 1.75 2.29 

2031 1.16 1.36 1.79 2.37 

2032 1.16 1.38 1.84 2.45 

2033 1.17 1.40 1.88 2.54 

2034 1.17 1.42 1.93 2.62 

2035 1.18 1.44 1.97 2.71 

2036 1.18 1.46 2.02 2.81 

2037 1.19 1.48 2.07 2.90 

2038 1.19 1.50 2.12 3.00 

2039 1.20 1.52 2.17 3.10 

2040 1.20 1.54 2.23 3.21 

 

B) Cost of conserved energy for respective scenario subtracted of average projected grid 
electricity price 

ESCALATION RATE (nominal) 2% 3% 4% 5% 

AVERAGE GRID PRICE (2015 - 2040) 1.14 1.30 1.68 2.17 

Very conservative   -1.37 -1.21 -0.83 -0.33 
Very conservative (state support) -0.89 -0.74 -0.36 0.14 

Conservative  -0.81 -0.66 -0.28 0.22 

Conservative (state support) -0.45 -0.29 0.08 0.58 

Baseline  -0.37 -0.21 0.16 0.66 

Baseline (state support) -0.09 0.06 0.44 0.94 

Optimistic  -0.02 0.14 0.51 1.01 

Optimistic  (state support) 0.19 0.34 0.72 1.22 

 

10.5 Results of internal rate of return under interest rate 
 

A) Internal rate of return for respective scenario subtracted of example interest rates 
(shown in real rates, after tax deduction) 

Nominal interest rate 10% 7% 5% 4% 

Real interest rate after tax deduction (annual compounding) 5.44% 3.34% 1.94% 1.24% 

Very conservative  -9.13% -7.03% -5.63% -4.93% 
Very conservative (state support) -6.52% -4.42% -3.02% -2.32% 
Conservative  -6.09% -3.99% -2.59% -1.89% 
Conservative (state support) -3.35% -1.25% 0.15% 0.85% 

Baseline  -3.03% -0.93% 0.47% 1.17% 

Baseline (state support) -0.09% 2.01% 3.41% 4.11% 

Optimistic  0.26% 2.36% 3.76% 4.46% 

Optimistic scenario (state support) 3.48% 5.58% 6.98% 7.68% 
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10.6 Interview with Joakim Widén – transcript 
 

Interview transcript 

Interviewer: Jan Cihlar, master student at Uppsala University (Jan) 

Interviewee: Joakim Wid®n, postdoctoral research fellow at Uppsala University (Joakim) 

Interview setting: Interview conducted at Joakimôs office at the ¡ngstrºm laboratory, 
Uppsala. The interview held place on Wednesday, 11th of March, 2015. 

Length of the interview: 23m 36s 

(Start of the interview) 

Jan: Are you still working with the topic? 

Joakim: Yes, a bit. No so much myself, rather with PhD students I supervise. 

Jan: So what exactly are they focusing on? 

Joakim: So we have one master student who is looking at middle-voltage grid in the Swedish 
distribution system and he is first going to look at the hosting capacities of the grid and then 
at different options to increase the hosting capacity.  

Jan: That was actually one of my questions, what is the hosting capacity? 

Joakim: It seems, he made some preliminary calculations and it has been like, what is it now, 
50% on annual basis powered with PV gave at maximum 5% increase of voltage, worst case, 
in the middle voltage.  

Jan: And were they thinking about storage also? Hydro storage? 

Joakim: Mainly battery storage.  

Jan: I was reading through the Swedish energy policy and there is couple things they have to 
deal with. First of all they have the EU horizon 20-20, stating they need to get 50% of energy 
from renewables which is already there, because of hydro mostly, and some wind. But there 
is also an (EU) hydro directive which obliges countries not to build any more hydro 
capacities. Also, I know there has been a big debate in Sweden about nuclear power, whether 
to increase the capacity or take it down. What is your take on that? 

Joakim: Well I donôt have any, I try not to have any personal preference for it. But of course, 
if the nuclear power is going to be, I mean, renewed, is has to happen now. Otherwise, it 
probably has to be phased out. I guess, it seems like, if they go on like they do now with the 
energy politics, itôs probably going to be phased out. We have an increase in wind power and 
in solar, itôs probably going to increase further. But at the same time, it would be interesting, 
but I think itôs hard to see, when all the nuclear power would be replaced by wind and solar, 
in the future.  

Jan: The other question is about technology. So, we have a lot of different types of 
photovoltaics. Some of them emerging, like the dye-synthetized, the printed ones, the thin-
film. What do you think, are we going to see a major breakthrough in solar technology? 
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Joakim: On my opinion it would be, if you have solar on a large scale you want to use the 
technology thatôs from abundant materials, that are not environmentally hazardous and so on 
and in that case, silicon is the technology to use. Because, I mean, some of the components in 
the solar cells are problematic, but silicon is of course the most abundant material in the 
Earthôs crust, so I guess on a large scaleé But at the same time, niche markets, there you 
could have other types of solar cells, where you donôt need as much volume, but rather more 
specialized applications.  

Jan: What is your opinion on the hybrid solar-thermal? Because I have been reading about 
them and they usually conclude that they are not, price-wise, itôs not efficient.  

Joakim: So you mean, solar-thermal systems and PV integrated? 

Jan: Exactly. When they (solar-thermal) cool down the photovoltaic cell so itôs more efficient. 

Joakim: No I havenôt looked at it myself, but I understood that itôs, I mean itôs more efficient 
to separate the systems. Itôs a good idea, but in practice itôs more simpler and more practical to 
separate the systems and I donôt think that the increase in efficiency is so high.  

Jan: Do you think that the photovoltaics in Sweden are at the moment competitive to the prices, 
to the electricity prices from the main grid? 

Joakim: Well it depends on which PV customer you look at. 

Jan: Iôm looking at the individual, a household. 

Joakim: Yes, for a household itôs at least on the limit to be cost-effective. I mean if you get the 
right prices and you, even if you donôt get any support, but if you consume most of the 
electricity yourself it should be cost-effective. 

Jan: And you are assuming the lifetime 20, 25 years, or something like that? 

Joakim: Yes. It depends a bit on what you assume as interest rate, but at least itôs possible to 
get it cost-efficient in this time period. And also, now in Sweden we get this tax reduction for 
solar. So they means you donôt have to dimension the system mainly for self-consumption, but 
you can submit a lot of electricity to the main grid.  

Jan: One more thing, I read that Kraftnat is issuing these green electricity certificates and I was 
wandering if these are applicable for small producers, too?  

Joakim: What Iôve heard is that, you sell them per megawatt-hour and so for really small-scale 
user itôs maybe not that interesting.  

Jan: We are all discussing that solar power is a low-carbon energy source and itôs one of the 
green solutions. 60 to 70% of the lifecycle CO2 emissions appear during the manufacturing 
process, which is mostly China, at the moment. I was thinking, isnôt it sort of like an energy 
grabbing, because in the production we donôt have that much, basically none, CO2 emissions 
so we can say we have a really clean energy. But somebody else has to manufacture it for us, 
therefore they have to deal with the emissions. What do you think about that? 

Joakim: Yeah, when you look at it that way, itôs a bit crazy. I mean, since we have a clean 
electricity production, mostly. So better way would be if we produced the solar cells and they 
would be used in China, of course.  
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Jan: Yes, they are burning coal to produce our solar panels. And also, from the data I have seen, 
large-scale hydro and even nuclear have lower per kW lifecycle CO2 emissions than 
photovoltaics, because of the manufacturing.  

Joakim: Thatôs a really good point, because thatôs something thatôs probably missed.  

Jan: I was reading this study from California, where they were discussing these peak energy 
hours and they actually thinking that solar could steal that from the gas generators. Do you 
think anything like that could happen in Sweden? 

Joakim: No. Thatôs if you, it would happen if you had a really sunny day in the winter, because 
the demand is highest during the winter here.  

Jan: Thank you. I think that pretty much it, of what I was interested.  

Joakim: Thank you too.  

 

10.7 Interview with Jörgen Eriksson – transcript 
 

Interview transcript 

Interviewer: Jan Cihlar, master student at Uppsala University (Jan) 

Interviewee: Jºrgen Eriksson, product manager solar PV at Vattenfall AB (Jºrgen) 

Interview setting: Interview conducted at Vattenfall headquarters in Solna. The interview 
held place on Friday, 10th of April, 2015. 

Length of the interview: 36m 31s 

(Start of the interview) 

Jan: From the obvious, I saw from the webpage that you have been updating a lot of the 
information on solar photovoltaics in regards to the current conditions for potential 
customers. So, the first question is, does the sun shine enough in Sweden? 

Jºrgen: Yes, we have the same sun shining as the northern part of Europe, up to the middle 
part of Sweden, more or less. And when the sun is up in the northern part of Sweden is so 
many more sun hours so itôs equal to the rest of Europe also. We have the same part of sun 
hours (compared to Northern Europe). 

Jan: What are your current efforts with photovoltaics? Why are you offering these systems to 
people? 

Jºrgen: One part is that we do not make that much money on our electricity contracts as we 
used to do. We need to find new markets. We offer PV, heat pumps, we offer some sub-
metering systems, products like that. And then we also need to be connected to the trends on 
the market. So in Sweden we have a big interest in solar, self-consumption also. And then, 
solar photovoltaics are natural part of that. So thatôs the main reasons. But we havenôt been so 
successful.  

Jan: How successful have you been so far? 
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Jºrgen: We are less successful than two years ago. We do not know why that has happened. 
But hopefully we will take that back this year. So we have some new things for our 
customers. 

Jan: You mean you have the highest rates for feed-ins for example? 

Jºrgen: Yes, and we also have a new type of inverter that is connected to a web-app and app 
in your smartphone so you can follow you own production more easily than with our old 
inverter.  

Jan: By your analysis, do people generally reduce their (electricity) consumption when their 
install solar systems or are they more aware of their consumption at least? 

Jºrgen: They reduce their consumption, but we havenôt measured how much yet. We havenôt 
been on that market for so long. Maybe our grid people could answer that better. We at the 
sales department havenôt done that yet.  

Jan: Does Vattenfall support any new research on the solar field? 

Jºrgen: Not that Iôm aware of. We cooperate with Solkompaniet, thatôs our partner (in that 
field). We are just a sales channel, more or less. Maybe in future we will take a better grip on 
our marketing. At the moment, we cooperate with the biggest (solar) company on the 
Swedish market. 

Jan: Have you analyzed the market? Do you know what the potential (of market uptake) is? 

Jºrgen: Potential is rather high. I know that Solkompaniet is involved with new energy 
commission in Sweden. They have been looking into the potential on the market. What they 
say is that if we use 25% of the roofs oriented towards south than we could produce about 
10% of Swedish electricity just with solar. But we have a problem to push out the products, 
for now. And itôs a new technology. We have problem to teach our customers what a kilowatt 
hour is. Now we are talking kilowatt peak, so itô a whole new language for the customer we 
need to teach our normal customers. So far, we have been selling (PV systems) to the 
technical nerds, but now we need to sell it to the middle class. So itôs a little bit trickier. We 
need to minimize the technical aspects and make it easy and understandable for the customers 
to purchase PV systems.  

Jan: In the more sunny countries, as in Spain or the USA, the peak production of solar 
systems corresponds with the demand load closely. In Sweden, it seems to be the opposite 
where the biggest demand occurs during winter where the production of solar systems is the 
lowest. Arenôt we just building redundant generating capacities for summer with solar? 

Jºrgen: In Sweden we have a big opportunity, because we have a lot of hydro power. So if we 
build additional (solar) capacity which is going to generate the cheapest electricity, we can 
save some of the water. We can reduce the hydro power stations, or we can reduce the 
nuclear power we have (during summer). Already, during the summer, nuclear capacity is 
often shut down for maintenance.  

Jan: The feed-ins are absolutely crucial for the economy of PV systems, in Sweden. You are 
currently offering 0.4 SEK per kWh and 1 SEK per kWh, respectively, for people who 
purchase the system directly from you plus the Nord Pool spot price, excluding VAT. But 
this is only set to be valid until August, 2017. What is happening after that period? 
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Jºrgen: We donôt know. We are living in an insecure world, because we donôt know what the 
government will decide after that. So we canôt make any longer agreements with our 
customers. We have a new energy commission in the government, so we will need to see 
what they decide.  

Jan: If I am a potential customer of yours that would make me think twice about purchasing 
the system. 

Jºrgen: I believe thatôs a wrong way of thinking. You focus so much on how much can you 
sell back to the electricity company, but the focus should be on how much money you can 
save by self-consumption. So we need to twist this, we need to make people think about how 
much they can use by themselves, instead of focusing of how much money they can get from 
feed-ins.  

Jan: According to Swedish Energy Agency, the average price of solar system in Sweden is 20 
SEK per installed kilowatt peak. Vattenfall is slightly above these average retail price. Why is 
that? 

Jºrgen: We want to be as close (to the average price) as possible. If you can higher, with our 
larger packages you will see that we are actually below the average retail price. It is hard with 
the smaller packages to come closer to 20 SEK. With our new prices we are little bit lower 
than last year. But Swedish Energy Agency survey (20 SEK) is the target for us.  

Jan: I have analyzed the 7.7 kilowatt peak system you are offering. It seems that you are 
accounting for the parasitic losses of the system, but do you also account for the efficiency 
losses of the solar cells over time (lifetime losses).  

Jºrgen: We got our information from Solkompaniet. Studies have shown that the solar 
modules in Sweden do not lose so much efficiency (on parasitic losses) as in hotter countries. 
But we have calculated with the loss in 25 to 30 yearsô time. We havenôt done any own 
calculations, but we trust the calculations from Solkompaniet.  

Jan: I have assumed a discount rate of 5%, 80% self-consumption, 20% feed-ins, 1.33 SEK 
per kWh feed-in revenues, state rebate of 20% and tax credit of 0.6 SEK per kWh fed back 
into the main grid and inverter would be changed once during the lifetime for the 7.7 kilowatt 
peak package you are offering. By the calculations, on net present value we will be at minus 
45,000 SEK and the benefit/cost ratio would be 0.61, which is quite low. Do you have 
different results? 

Jºrgen: Once again, we have trusted Solkompaniet on this. We have not seen this low 
numbers and when we calculated the payback time we arrived at around 10 to 12 to 15 years. 
Most of the customer want to know about the payback time. We say (to our customers) that if 
they do this investment they will have about 5% interest on their investment (to solar system). 
Compared to simply putting money in a bank, you are earning a profit. So it depends on how 
you calculate. But it is more profitable to invest into solar panels now than it was 5 years ago.  

Jan: Investment into solar system bears a high upfront capital cost. You have just recently 
started to work with Ikano Bank on loan offers for solar systems. Isnôt that going to make the 
system even more expensive? 

Jºrgen: The reason why we offer this loan is that you have a set payment for the loan amount 
every month. You know exactly how much you are going to be paying every month. There 
are no surprises during the loan period. It is like a buying a new bike or a TV.  
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Jan: If you look at SolarCity, the biggest solar provider in the USA, they offer their own lease 
and loan programs with very favorable conditions. Technically, you donôt have to have any 
upfront capital. Is Vattenfall evaluating the possibility of introducing something similar? 

Jºrgen: Maybe. I donôt know at the moment. We will probably look at it, but I donôt think 
that the Swedish market is ready for such schemes yet. We have regulatory issues also, 
insurance companies too. I know that the new solar commission have a demand for making it 
easier for a customer to lend his/her roof for solar panels (we are talking about the power 
purchase agreements). It could be a new type of market. But I am not aware about the 
SolarCity model. I think it is a business opportunity, but at the moment Vattenfall does not 
have the knowledge to offer such service. But it is in our interest to have more cooperation 
with our customers. We for example plan to be more behind the metering system in our 
customersô homes then we are now. I know that we are looking into different kind of business 
opportunities.  

Jan: Thank you so much for all the information. 

Jºrgen: You are welcome.  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




