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Foreword 
This project has been a collaboration between the Deparment of Energy Technology at Kungliga 
Tekniska Högskolan, Beteendelabbet, Tyréns, Karlstads Energi and Karlstads Kommun. The 
research conducted by KTH and Beteendelabbet is financed by the Swedish Energy Agency. 

The world has changed considerably since the launch of this project in 2019, and so has our 
scope. Tyréns, Karlstads Energi and Karlstads Kommun were all added to the project shortly 
after it began and increased the impact quite dramatically by creating real-world experimental 
environments that could not have been created ourselves. Thank you to Jonas Lindberg, Julia 
Ahldén and the development team at Tyréns, David Bohn Stoltz and Tobias Hedenström at 
Karlstads Energi, and Jonas Kumlin at Karlstads Kommun for your contributions. 

Thank you also to Jan Lindqvist from Liseberg and Örby Slotts Villaförening for organizing the 
workshop and providing insights on how a community change agent approaches PV 
communication.  

There is a substantial amount of additional research and detail in the appended publications, 
and interested readers are encouraged to explore those documents further. 
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Sammanfattning 
Efterfrågan på solceller (PV) ökar för varje år, och de flesta system i Sverige installeras på 
hushållens tak. Genomsnittliga människor som är intresserade av PV och som behöver kunskap 
om deras taks potential är vanligtvis begränsade till direktkontakt med installatörer – 
informationen som finns tillgänglig online är så spridd och ofullständig att den nästan är 
värdelös och opålitlig. Detta projekt syftar till att förbättra informationstillgång och kvalitet för 
husägare samtidigt som det skapar ett skalbart, användarcentrerat kommunikationsramverk. 

Ett resultat är två nya solkartor som förenklar de steg som behövs för att få information, ger 
personliga rekommendationer och är designade med verktyg för att utbilda användare. Dessa 
kartor gav en experimentell miljö för att utveckla kommunikationsramverket, där det visar sig 
att användare i första hand betraktar PV som en metod för att spara energi och pengar, och 
inte som en investering. De tycker också att egenkonsumtion är ett viktigt mått, särskilt i 
förhållande till sin egen självförsörjning, för att bättre förstå förhållandet mellan ett 
solcellssystem, deras hem och elnätet. Medan transparensen och anpassningen av kartorna 
bidrar till att öka förtroendet, gör begränsningar i takdetaljen att förtroendet för resultaten 
begränsas till en förstudie. Även om vissa användare är tillräckligt kunniga för att utnyttja 
verktygens fulla kapacitet, kommer de flesta att kräva guidad användning för att bygga kunskap 
och erfarenhet kring vad man kan förvänta sig av ett solcellssystem. 

Det finns ett behov av större transparens och konsekvens inom solcellsindustrin för att undvika 
att vilseleda konsumenter. Detta projekt har visat nyttan som bättre onlineinformation ger 
svenska husägare och är en modell för framtida kommunikation kring prosumer energiteknik 
som solenergi, batterier, elfordon och värmepumpar. 



 
 

 
 6 (34)  

Summary 
The demand for solar photovoltaics (PV) is rising every year, and most systems in Sweden are 
installed on household rooftops. Average people interested in PV that need knowledge about 
their roof’s potential are typically limited to direct contact with installers – the information 
available online is so scattered and inconclusive, that it is almost useless and untrusted. This 
project aims to improve information access and quality for homeowners while creating a 
scalable, user-centric communications framework. 

One outcome is two new solar maps which simplify the steps needed to get information, 
provide personalized recommendations, and are designed with tools to educate users. These 
maps provided an experimental setting to develop the communications framework, where it is 
found that users primarily consider PV as a method for saving energy and money, and not as 
an investment. They also find self-consumption an important metric, particularly in relation to 
their own self-sufficiency, to better understand the relationship between a PV system, their 
home, and the electricity grid. While the transparency and customization of the maps helps to 
increase trust, limitations in the roof detail mean that confidence in the results are limited to a 
pre-feasibility study. While some users are knowledgeable enough to utilize the full capabilities 
of the tools, most will benefit from guided use to build knowledge and experience around what 
to expect from a PV system. 

There is a need for greater transparency and consistency within the PV industry to avoid 
misleading consumers. This project has demonstrated the utility that better online information 
provides Swedish homeowners and is a model for future communication around prosumer 
energy technologies like solar, batteries, electric vehicles, and heat pumps. 
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Introduction 
Buildings represent 39% of final energy consumption in Sweden and are a critical factor in the 
transition to a sustainable energy system [1,2]. One of the most promising techniques for 
increasing renewable energy generation is rooftop solar photovoltaics (PV). The government’s 
energy goals have PV providing up to 10% of electricity in 2040, a 10x increase from today [3,4]. 
Solar PV installations are growing rapidly, due primarily to generous state subsidies, rapidly 
declining prices, and strong public interest. However, the subsidies are expensive and being 
questioned as the most effective use of state funds [5] while PV prices are stabilizing [4]. Even 
though values and attitudes towards environmentally positive technologies are strong in 
Sweden, there is a risk that the extrinsic motivators (i.e., subsidies) are hiding the so-called 
value-action gap [6]. For successful diffusion of solar PV, communication and education 
techniques will need to be more user centric to build stronger intrinsic motivations towards 
adoption. 

The goal of this project is to apply the most effective techniques from behavioral economics to 
create a scalable, prosumer-centric communications framework. A design thinking approach 
will be used to identify the needs and barriers from multiple stakeholder’s viewpoints, followed 
by an agile prototyping phase to test ideas and techniques. The resulting framework aims to 
deliver a scalable method of communication that provides better heuristics to users for 
complex decision making while nudging homeowners towards sustainable choices and greater 
PV adoption. 

The work follows a theoretical decision-making framework based on the well-known diffusion 
of innovation (DoI) model by Rogers [7] involving five stages – knowledge, persuasion, decision, 
implementation, and confirmation. As shown in Figure 1, it has been expanded here to include 
phases for initial interest and feedback loops [8–10]. The project’s goals are targeted towards 
the knowledge gaining and opinion forming phases. 

Figure 1 - Diffusion of Innovation model, with adaptations 
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Implementation 
The project’s structure is directly linked to the design thinking methodology, where users’ 
needs are at the core of the project. The traditional structure for design thinking has five 
processes – empathize with users, define the problem, ideate solutions, prototype, and test – 
and these processes mapped directly to the work packages. Naturally there is frequent overlap 
and feedback between steps, and for clarity the define/ideate and prototype/test processes 
are presented together as one step. 

Empathize with Users 

The process begins by understanding user’s needs and perspectives with regards to gathering 
information about solar PV systems. This is accomplished using a two-pronged approach: 

- User journey mapping where we identify incentives, barriers, and places that hide 
behind the energy decision making, and 

- a comprehensive review of existing online communication platforms for solar PV in 
Sweden with additional input from abroad. 

User perspectives for the journey mapping are collected via community workshop held in 
conjunction with Liseberg and Örby Slotts Villaförening in Stockholm, and individual interviews 
with a range of building owners who have interest in and had purchased, wanted to purchase, 
or decided to not purchase solar PV. The workshop was held in October 2019 and attended by 
over 40 residents. It included presentations from community members and a solar installation 
company, followed by a session lead by research partner Ida Lemoine of Beteendelabbet to 
collect insights. There were three questions posted to the community: 

- When have you considered installing solar PV? 

- What prevents you from choosing PV? 

- What would make you choose to buy PV? 

Interviews are conducted by Ida Lemoine, semi-structured and conducted online via video chat 
due to the COVID-19 pandemic. The opening questions are organized by five thematic areas – 
motives, triggers, activities, contact points, and barriers – with the specific questions listed in 
Table 1. In total, 28 interviews are conducted with three types of property owner/manager – 
villas (n=12), multi-family house cooperatives (n=9), and professional residential property 
managers (n=7). In total 12 of the interviewees had already procured a solar PV system, leaving 
16 who had not. The results are organized and filtered to include points directly related to 
information searching about solar PV. 
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Table 1 - Interview question by thematic area 

Thematic Area Opening and Following Questions 

Motives What motivated you to invest in PV from the beginning? 

Triggers Describe when you first started thinking about investing in PV. What 
information are you looking for? And when? 

Activities What steps did you take to find information about PV? 

Contact Points Where, who, and through which channel(s) did you contact when 
searching for information? 

Barriers When on the journey did you feel reluctant to invest in PV? What was 
the cause? 

Online information supply and quality is researched by Nelson Sommerfeldt at KTH and tested 
using publicly available information channels with a focus on techno-economic calculators. Two 
sample homes in the south of Stockholm are used as test subjects and are selected for their 
close proximity (within a few hundred meters) and identical construction. The basic parameters 
of each house are shown in Figure 2, that shows that the only difference is the orientation of 
the roof, where one faces south and the other west. In total, 14 websites are surveyed with 
only 10 having calculations that are comparable due to incompatible information being 
presented or lack of geographical coverage. The results are viewed through the lens of a 
homeowner shopping for a PV system. 

Figure 2 - Sample buildings' location, orientation, and load characteristics 
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Define and Ideate 
With the user’s needs and preferences, this work package aims to define the problem of 
information collection and comprehension from the user’s perspective, the intrinsic values 
behind energy decision making, and identifying the barriers that prevent users from adopting 
solar PV. 

In the ideation process, internal workshops led by Ida Lemoine at Beteendelabbet with Hatef 
Madani and Nelson Sommerfeldt from KTH, are held in iterative rounds and used to match 
identified barriers and intrinsic values with different behavioral change principles and 
interactive communication techniques. The outcome from the ideation phase includes various 
communication designs and calculation techniques to be applied in the prototypes. Further 
workshops are then held with the solar map developers, Tyréns, Karlstads Kommun and 
Karlstads Energi, but transfer the behavioral insights into actionable design features and 
experiments. 

More complete details on the methods are provided in the results, as the specific problem 
definitions and ideas are highly influenced by the results form user empathizing. 

Prototype and Test 
Implementation of the new designs and behavioral research questions are made in two new 
websites based on the solar map concept. One site is created by Karlstads Kommun, which is 
hosted by the municipality as well as Karlstads Energi, and the other by Tyréns. A stylized 
example of the website’s interface is shown in Figure 3. Karlstad Kommun’s map is limited to 
Karlstad, while Tyréns’ map covers Gothenburg, Malmö, Södertälje, and Huddinge in southern 
Stockholm. 

The websites have multiple front-end alternatives and experiments are made using randomized 
controlled trials, i.e., users are randomly presented one of the design treatments and their 
interaction/behavior is recorded using commercial website tracking software. The calculations 
and information presented in each treatment is identical, only the framing of the information 
is changed. The clicking behavior on the website is used to motivate the effectiveness of each 
design treatment, in particular the “go to action” button which signals that the user intends to 
go further in the PV purchasing process. Users are made aware that the websites are being 
used for research, but efforts are made to create as natural a process as possible to capture 
real world behaviors.   
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Figure 3 - Sample image of the solar maps used for testing 

In addition to real-world feedback, semi-structured interviews are conducted with selected 
users to collect a more comprehensive understanding of the user experience, i.e. what the user 
is thinking while using the site. The Interviews are conducted online via video chat, recorded 
and transcribed. Table 2 lists the interview structure, which starts with a monitored usage of 
the site, presentation of the four front-end treatments using results from the respondents own 
home, and nine opening questions to the semi-structured interview. The study is framed 
around three concepts of information gathering – utility, framing, and trust. Utility refers to the 
ease of use and effectiveness of the site to deliver the information users are seeking. Framing 
refers to the method of communication, e.g., the way in which the costs and benefits of solar 
PV are discussed/presented. Trust refers to the believability of the information being 
presented, and the opportunity or interest to consider alternatives. 
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Table 2 - Interview structure for website evaluation 

Interview Stages and Opening Questions Utility Framing Trust 
Using the webpage X 

Different versions of webpage X 

Q1. What information that convinced you to continue with 
the interest form? X X 

Q2. Did you get the information you need to make an 
informed decision? X X 

Q3. Is there a graph, data or feature that you are missing from 
the website? X X 

Q4. Did the information provided help your understanding of 
the system and the investment? X X 

Q5. Do you think about how the performance could be 
different from expectations? X 

Q6. Were the features of the website useful towards your 
understanding of the system? X X 

Q7. How credible did you perceive the website and results? X 

Q8. Did you compare the results with any other provider or 
independent source? X 

Q9. Does anything else influence your decision? X X X 
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Results 

Empathize with Users 

User Journey Mapping 

The most common motivation for installing solar PV revealed across all groups is a good 
economic outcome. The exact meaning of a “good” economic outcome varied, with the 
majority referring to payback time as their main metric. Villa owners preferred shorter payback 
times, where 5-10 years was considered acceptable. Professional property managers generally 
accepted longer times in part because of political pressure or regulation to improve the energy 
performance of their building portfolio. For cooperatives, the economic aspect is critical since 
it is often written in the bylaws that the governing board must make decisions that “benefit the 
members’ finances.” Two other secondary performance benefits were mentioned – the 
environment and self-sufficiency. 

All interviewees reported triggers that can be placed into three categories – advertisements, 
internal factors, and external factors. Advertisements can be information from PV seller or 
educational material from a third-party (e.g. industry group or housing association). For villa 
owners and cooperatives, internal factors are a more prominent trigger. This includes roof 
renovations or the purchase of an electric vehicle. For property managers, external political and 
public pressure triggers them to investigate PV to meet energy performance mandates. 

The activities of professional property managers and homeowners differs significantly. Due to 
the larger scale they work at, most professionals now have their own PV competence or hire 
engineering consultants to evaluate their buildings. For individual villa owners or cooperative 
boards, much of the work must be done on their own. These homeowners are being pushed 
and pulling for information; the pushing comes from activist neighbors or advertisements, 
whereas the pulling comes from internet searches and contacting PV providers for quotations. 

When personal and detailed information is needed, most non-professional owners relied on 
private companies to provide calculations, usually delivered with a quotation. This also provides 
an opportunity for discussion, tantamount to a consultation. Several respondents expressed a 
lack of trust in the calculations presented to them, citing the results seem too good to be true. 
One cooperative representative said they would like to have a third-party review their offers 
since they do not have the expertise but did not know where to go. With regards to online 
information, few placed trust in the calculators, considering them to be marketing more than 
a serious analysis. There is also a general challenge around the volume of information available 
online, which needs to be curated by someone already knowledgeable in the field to be useful. 
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The interest in self-sufficiency as a motivator also leads to barriers for some homeowners. Most 
are aware that most of the PV they generate will be at times when they are not at home or 
need the energy the least (i.e., summer). The general idea of sending energy into the grid is 
considered poor for the economy, with one respondent claiming “90% [of the PV generation] 
should be consumed in your own facility for it to be profitable1.” This brings many to think 
about batteries, both in terms of self-sufficiency as well as economy. However, batteries, even 
with their high investment subsidy, and a substantial cost to the system and have a marginal 
economic benefit over their lifecycle. This leads many to conclude that solar PV as a concept is 
too expensive or does not fit their home/lifestyle. 

Another barrier is more practical, which being able to find trustworthy information sources 
such that they can move forward in the process. This applies to both practical matters about 
how the PV can fit physically (e.g., on the roof and placement of inverter/cables) and the long-
term performance. This barrier is being lowered through Solcellskollen (www.solcellskollen.se), 
a third-party website that enables reviews and recommendations for solar installers by region. 

Online Calculator Review 

There are three main types of solar calculator in terms of functionality – manual input, solar 
maps, and a manual/map hybrid. With manual input, the user directly enters information about 
their home and energy usage, often with pre-defined ranges of values to make estimations 
easier. Solar maps use 3D urban geometry to pre-analyze rooftops for solar radiation, therefore 
they only have one input, which is to identify the building of interest. However most only report 
the radiation value, very few provide an estimation of the PV generation potential, and none of 
the maps make an economic calculation. Hybrid maps are the most common, and help the user 
get roof information through a satellite image that allows them to draw on the area where the 
PV should be mounted. The remaining inputs are manual. Many of the websites do not allow 
direct typing of inputs, preferring to rely on a selection of limited values or range estimates. 
This is why the inputs shown in for all of the websites visited in Table 3 do not always match 
the specifications of the buildings given in Figure 2. 

1 Maximizing the internal rate of return (IRR) has been shown to require a high self-consumption rate of 
approximately 90%, however the microproducer tax credit current offered to prosumer systems makes it possible 
for systems to be profitable with self-consumption rates as low as 40% [17]  

http://www.solcellskollen.se/
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Table 3 - Solar calculator websites visited and inputs used for sample houses 

Website House One House Two 

Address Owner Style Area 
(m2) 

Azimuth 
(deg) 

Slope 
(deg) 

Elec. Use 
(MWh/yr) 

Area 
(m2) 

Azimuth 
(deg) 

Slope 
(deg) 

Elec. Use 
(MWh/yr) 

eon.se/solceller/solcellskalkyl Seller Direct 40-60 South 31-60 12 40-60 West 31-60 12 
fortum.se/privat/solceller Seller Hybrid 114 -15 45 12 120 75 45 12 
gosol.se/solcellskalkylator Seller Direct 41-60 South 31-60 10-15 41-60 West 31-60 10-15 
hemsol.se 3rd Party Hybrid 61 -15 45 12 59 -15 45 12 
solceller.kraftringen.se Seller Hybrid NA NA 31+ No In NA NA 31+ No In 
solcellskollen.se 3rd Party Direct NA South 45 12 NA West 45 12 
solkollen.nu/test 3rd Party Hybrid 57 South 45 No In 61 West 45 No In 
sveasolar.com/se/solcellskalkylator Seller Hybrid 41 South 45 12 41 West 45 12 
telgeenergi.se/privat/solceller Seller Direct 60 No In No In 12.2 60 No In No In 12.2 
vattenfall.se/solceller Seller Hybrid 44 South 31+ No In 44 West 31+ No In 
otovo.se Seller Hybrid - - - - - - - - 
gi.karlstad.se/solkartan/# Govt. Map - - - - - - - - 
energiradgivningen.se/solkartan Govt. Map - - - - - - - - 
energimyndigheten.se/fornybart/solelportalen Govt. Direct - - - - - - - - 

If online solar calculators are meant to inform homeowners, the question to be answered could 
be “do I want PV on my house?” There are a few supporting questions that help answer the 
main question, such as – how much PV should I have? How much will it cost? How much will it 
save? The results of this review provide a glimpse into the variety of information available 
online. All websites are tested in April of 2020, and it is possible, even likely, that many have 
been updated since the review. 

The information returned to users, i.e., key performance indicators (KPI), are given in Figure 4. 
There is an emphasis on investment cost and total savings, both in terms of energy and money. 
Relatively few websites present lifecycle investment metrics, with simple payback time being 
the most common. It is also noteworthy that only a few websites discuss the environmental 
benefits of PV, possibly due to the limited greenhouse gas savings in Sweden’s already low-
emissions electricity supply. The sites that do make an environmental case provide a range of 
devices or activities that the PV generation will support, for example distance of electric vehicle 
driving. For PV sellers and third parties, the general structure of the results is as follows: 

- A recommended system size (by panel count or area) 

- A quote for the total cost (varying by inclusion of subsidy) 

- Annual electricity generation, and 

- Annual money saved from the PV generation. 
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Figure 4 - KPI instances by website provider class (includes all 14 websites) 

A sample of the most relevant results for the south facing house from 10 of the calculators are 
given in Figure 5, which compare the system size, generation, cost, and economic benefits. Few 
websites directly provide the system size in kilowatts-peak (kWp), which is the most relevant 
metric for describing a PV systems size due to differences in efficiency, so in those instances 
the module information is converted into capacity for consistent comparison. The broad range 
of results for a single home demonstrate the confusion and mistrust found during the user 
journey mapping. Regardless of what a correct answer could be, the range of values is 
surprisingly wide. For example, this homeowner could be advised to pay between 96 to 153 kkr 
and save between 4,9 and 16 kkr per year. 
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Figure 5 - Select techno-economic results from online calculators for the south facing house 

Some of the variance in these results is due to the differences in inputs. For example, some 
tools do not consider the slope of the roof when calculating area, leading them to only consider 
40 m2 instead of the actual 60 m2 of area available. However, there is also variance in the 
models concerning specific prices and PV generation, which are unrelated to the inputs. The 
specific price (in kr/Wp) and PV yield (in kWh/kWp) are given in Figure 6. It is important to note 
that these values are not directly given to users in online tools but can be indirectly calculated 
with varying degrees of difficulty, meaning it is unlikely a non-expert user would know how to 
use these metrics for comparing results2. 

Figure 6 - Specific prices and yields from online solar calculators for the south facing house 
 

2 Yield is also the main metric for PV performance used in Energimyndighetens Solelportalen calculator. The 
lack of a yield metric from PV suppliers makes this calculator more challenging for novice users who do not 
know what yield is, how to derive it, or what a reasonable value for their roof could be. 
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Here the variance due to price and productivity are clear, with prices ranging from 14.3 to 19.2 
kr/Wp and yields varying from 836 to 1145 kWh/Wp. The prices are less of a surprise given that 
each provider may have different cost structures or equipment. The range of yields are 
however surprising given the maturity of models to predict PV generation. To place these 
results into perspective, the most common yield in the Stockholm region is 810 kWh/kWp [11]. 
The example roof is nearly optimal in orientation and therefore should be more productive. 
The highest value of 1145 kWh/Wp, however, would make it one of the most productive fixed-
position systems in Sweden, even though Stockholm receives 10% less irradiation than the 
sunniest locations on Gotland [12]. 

Another useful comparison is between the south and west facing house, shown in Figure 7. The 
variance for the western roof is comparable, and production declines are generally a 
reasonable 15% to 25%. Surprisingly two of the calculators show no difference in yield and one 
actually shows an increase. The increase is most likely a bug, however the calculators showing 
no reduction could be considered misleading, particularly given that they ask the user for roof 
orientation as an input. 

Yield (kWh/kWp) 

Figure 7 - Yield comparison between the south- and west-facing roofs 

Additional details on the empathizing phase and user journey mapping can be found in the 
open access scientific article and conference paper provided in the publication list. 
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Define and Ideate 
In a 2018 study, Palm and Eriksson mapped the informational needs of various solar PV 
consumer classes in Sweden, noting that a gap existed between what was desired and what 
was available for some classes [13]. The empathizing results show that while the quantity of 
public information has increased since then, the quality has not. One possible solution would 
be to standardize the boundary conditions and models used within the industry, which has 
been attempted once in 2016 [14] and is still be worked on in 2022 [15]. Another alternative is 
to provide easy to access, neutral information from an authoritative and trustworthy source. 
Energimyndigheten has a very useful website in Solelportalen with lots of useful practical 
information often mentioned by respondents, and includes a solar calculator3. The calculator’s 
design is intuitive and useful, however it lacks the ability to model PV generation, which the 
user must bring with them in the form of yield. As mentioned above, no other websites provide 
a yield value, meaning this acts as a barrier to the utility of Energimyndigheten’s calculator. 
Both solutions are outside the scope of this project, and focus is placed on creating better 
communication methods for solar PV and to nudge them towards adoption. 

The problem as revealed by the previous analysis is that users need easier access to trustworthy 
information that is personal to them. The user insights described in the previous chapter are 
combined with four defined areas for behavioral design – uncertainty, mental accounting, trust, 
and social norms. Uncertainty refers to the risk aversion, where the loss of value/resources 
carries greater weight than the gain of an equal value. Mental accounting refers to the way 
people categorize economic aspects of their lives. Trust refers to information asymmetry, 
where one party has greater information about a transaction than the other. Social norms refer 
to a type of herd mentality, where one wants their personal values and decisions to be 
approved by the community. 

These four behavioral design aspects are cross linked with the five user journey aspects 
presented in the previous chapter to create useful insights for the experimental design. 
Individual perspectives (e.g., quotations or common themes) were reviewed and categorized 
through multiple rounds of ideation to identify what could reasonably be incorporated into a 
website. For example, a global market issue like waiting for the further development of solar 
PV technology is outside the direct influence of a solar calculator, however certain features 
could be incorporated to help manage the uncertainty of that aspect. A snapshot of this process 
is provided in Figure 8. 

 
3 https://www.energimyndigheten.se/fornybart/solelportalen/vad-kostar-det/solelkalkyl/  

https://www.energimyndigheten.se/fornybart/solelportalen/vad-kostar-det/solelkalkyl/
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Figure 8 - Internal workshop for categorizing user insights 

The next step is to pull in project partners Tyréns, Karlstads Kommun, and Karlstads Energi to 
incorporate the insights into a baseline website design. A workshop led by Beteendelabbet 
resulted in a general framework to build the websites upon and identified areas for 
experimentation. The behavioral themes listed above provide a guide: 

- Trust in the information is handled in two ways, first is the branding/source of the 
information, which is based on analysis from KTH, a trusted neutral party. There is also 
an effort to make the sites educational in that they are transparent on how the results 
are generated and provide background information via tool tips. 

- Uncertainty is also handled in two ways depending on the site – Tyréns implemented a 
Monte Carlo analysis developed at KTH [16], which aims to condense all possible 
outcomes into a probability of having a positive economic outcome. Karlstad uses 
sliders for all inputs, much like Solelportalen, allowing the user to change their values 
from the defaults or recommendations. 

- Mental accounting is a key experimentation point with regards to key performance 
indicators and framing. The experiments (presented further in the following chapter) 
aim to understand how homeowners prioritize the technical and economic benefits of 
solar PV, which relates to the specific indicators presented to them. 



 
 

 
 21 (34)  

- Social norms are not treated as strongly as they could due to a lack of time and 
resources. One idea was to make the map a platform where users with a PV system (i.e., 
community activists) could share their own system data so it would be easier for 
neighbors to compare their own roofs directly. As a consolation, users can share the 
results they find for others. 

From a technical perspective, the sophistication with which the users surveyed were aware of 
PV self-consumption, including their focus on self-sufficiency and not the net solar fraction, led 
to the idea that better estimates of self-consumption would be needed for the calculator. This 
is because self-consumption is critical for sizing a PV system for the building’s load [17] and is 
also useful for communicating how a PV system functions. None of the existing websites 
reviewed make explicit calculations of self-consumption, but rather use fixed, rough estimates. 

New prediction models for self-consumption were generated using regression machine 
learning. Anonymized electricity demand data from Karlstads Energi was combined with 
simulated PV generation using an hourly resolution. The resulting models only require annual 
demand and generation as inputs to provide an annual self-consumption prediction. Due to 
their software structures, each map uses a different model, but both of the applied models 
have been shown to have higher predictive ability than the previous state-of-the-art. No results 
of this effort are presented here, and readers are encouraged to read the conference papers 
and/or master theses listed in the publication list for details. 

Prototype and Test 

Solar map design 

The two prototypes from Tyréns and Karlstads Kommun/Energi are designed with nearly 
identical functionality but differing graphical design. Images from each site are used 
interchangeably as examples of the user experience, but the reader should note that the inputs 
and models with each site are identical unless specifically noted. 

First, the landing page asks for the user’s address, and the second page asks for annual 
electricity usage. An example of these inputs is given in Figure 9. These are the only two inputs 
required by the user, which without linking to electricity supplier/metering accounts, is the 
minimum necessary to make a recommendation for a solar PV system. Tyréns also included an 
embedded tool to help users estimate their demand based on house size, number of occupants, 
and type of heating system. 
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Figure 9 - Example of the main input page from Tyréns SunEngine 

Once the user clicks to continue, the first results shown are a diagram, presented in Figure 10 
with the four framing alternatives, designed to deliver five pieces of critical information: 

- The recommended PV system size in number of modules, area (m2), and capacity (kWp) 

- The total generation in kWh per year or month 

- The share of generation that is used in the house and sold to the grid (in kWh) 

- The value of each generation stream to the house and grid (in SEK) 

- The total value of the PV system per year and month (in SEK) 

The diagrams shown in Figure 10 are only an example, but do represent a typical home with a 
south facing roof suitable for PV. Both websites include tool tips on most of the results to help 
explain some of the key assumptions. For example, on the value of the energy saved, the default 
price of 1.3 kr/kWh is clarified in the tool tip. Likewise for grid sales, the three main sources of 
value (wholesale energy price, green certificates, and the micro-producer tax credit, are all 
reported. The defaults are meant to represent long term expectations on electricity prices but 
should be updated regularly when new information is available (such as the 2022 energy crisis). 
All inputs can be adjusted further down in the tool, as shown in Figure 12. 
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Original Monthly 

Investment Savings 

Figure 10 - Four treatment alternatives (from Karlstad Kommuns solar map) 
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This diagrams form comes from the user perspectives about self-consumption and the belief 
that sales to the grid are not economical. It can be the case in some systems that grid sales are 
not economical, and at some point the self-consumption can become so low that the PV system 
will no longer be profitable. All the online calculators surveyed either filled the available roof 
space or filled it to the point where the building becomes net-zero, which is the technical limit. 

It is also worth noting here that all other websites reviewed assume that the 0.60 kr/kWh micro-
producer tax reduction for renewable energy sold to the grid will last forever. This subsidy 
greatly improves the economics of PV in the residential sector, especially when reviewing 
lifetime savings, and makes self-consumption less critical to the economic outcomes. It is also 
highly uncertain how long the subsidy will last in that there is no planed phase out and it can 
be removed at any time.  

Following the diagrams are several sections with technical, economic, and environmental KPIs 
presented in headers. More detailed information and/or graphs are available if the user opens 
the drop-down menu. For example, a graph showing the user’s demand, the PV self-
consumption, the grid consumption, and the PV grid sales (shown in Figure 11) provides a richer 
understanding of how PV electricity will be supplied to the house over the year. 

Figure 11 - Example of monthly demand, supply, and grid sales shown to users (from Tyréns SunEngine) 

The four framing alternatives can also be seen in Figure 10, which include the original, monthly, 
investment, and savings framing. The original framing largely matches the solar calculators 
already available, with investment cost and payback time as the main economic metrics. In the 
monthly framing, all the KPIs are the same except they are presented in monthly values to 
match the timeframe most people use for budgeting. The investment framing presents PV as 
something that provides a gain or return, a positive addition to the household finances. The 
savings framing in contrast is about reducing electricity purchases and saving money. In 
addition to the framing, the KPIs are changed in the investment and savings alternatives, where 
payback time is replaced with internal rate of return and lifetime savings, respectively. 
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Underneath the main results, each site includes their own tools for uncertainty. As mentioned 
before, Tyréns has one more header which presents the Monte Carlo results, shown in Figure 
13, that list an “X out of 100” chance that the PV system will be profitable. Karlstad’s map 
provides sliders to modify every input to the model, shown in Figure 12, which updates the 
results automatically. The sliders are hidden in two levels of dropdown menu – the first showing 
all the most important or salient factors (e.g., PV capacity, price, self-consumption) and an 
advanced level with the remaining inputs. Both sites allow the user to view a summary of the 
results and save them as a PDF. 

Figure 12 - Calculator with slider inputs in Karlstads Solar Map 
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Figure 13 - Monte Carlo analysis results header in Tyréns SunEngine 

Since Tyréns does not sell PV systems, their “go-to action” button is a link to Solcellskollen, 
which transfers the user’s address and provides local installers as though they were searching 
on the Solcellskollen website. Karlstads Energi does sell PV systems, so their “go-to action” 
button is to provide contact information and request to speak with a sales representative. For 
the duration of the experiments, Karlstad Kommun’s map also had this button, but is removed 
due to the need for municipalities to remain neutral with regards to commercial actors. 

Experimental results 

Tyréns SunEngine was live and hosting experiments for three months between October 2021 
and December 2021. Karlstad’s solar map was launched in November 2021 and experimental 
data is taken for three months from January 2022 through March 2022. SunEngine had 2471 
unique visitors during the experimental period, while Karlstad had 4458. Only a fraction of the 
visitors go far enough through the sites to reach the experimental page, leaving 830 subjects 
from SunEngine and 1818 subjects from Karlstad. Of these, 38 subjects clicked on the “go-to 
action” button in SunEngine (a 4.6% conversion rate) and 127 subjects in Karlstad (a 7.0% 
conversion rate). 

The relatively low conversion rates and small differences between treatments mean that the 
randomized trials did not lead to a statistically significant result. Additionally, the national and 
international reach of the press announcing the sites meant that many users were visiting from 
outside the covered areas to see how the maps worked, not as serious users testing their own 
house. This high level of noise further contributes to the lack of a significant result. In the 
scientific publication, the noise of non-serious users will be filtered out and additional insights 
on usage behavior documented by reviewing specific clicking data. 

Nonetheless, the click rates for each treatment and website are given in Table 4, where it shows 
that the SunEngine had a relatively even conversion rate between treatments. Karlstad has a 
high conversion from the investment page, however further research is needed to identify if 
this is random or due to the treatment. 
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Table 4 - Conversion rate of each treatment page and test site 

Tyréns SunEngine Karlstads Solar Map 
Users Conversion Rate Users Conversion Rate 

Original 179 8 4.5% 480 32 6.7% 
Monthly 224 12 5.4% 483 29 6.0% 
Investment 213 11 5.2% 458 42 9.2% 
Savings 214 7 3.3% 397 24 6.0% 
Totals 830 38 4.6% 1818 127 7.0% 

The interviews reveal a more detailed look at the website’s use but are limited to Karlstad’s 
solar map. Each respondent clicked the “go-to action” button and is therefore known to be a 
potential solar PV customer. The results from each user are provided in Table 5, including 
usage, analysis results, and treatment preferences. 

Table 5 - Map usage, results, and preferences by interviewee 

User Device 
Time 
Spent 
(min) 

Investment 
(SEK) 

Payback 
Time 

(Years) 

Assigned 
Treatment 

Preferred 
Treatment 

Undesired 
Treatment 

1 Comp 5 98 300 17.1 Savings Org / Save - 
2 Mobile 12 98 300 16.0 Savings Investment Monthly 
3 Mobile 5 92 800 19.1 Investment Original - 
4 Mobile 15 98 300 17.1 Investment Savings - 
5 Mobile 23 74 200 19.5 Savings Savings Monthly 
6 Mobile 4 86 500 16.2 Savings Savings Monthly 
7 Comp 20 98 300 18.0 Monthly Savings Monthly 
8 N/A N/A 110 000 14.6 Investment Savings - 
9 Comp 3 98 300 19.3 Original Savings - 

10 Comp 4 86 500 25.5 Investment Original Monthly 
11 Tablet 15 98 300 15.8 Original - Monthly 
12 Comp 3 80 800 19.9 Investment Original Monthly 
13 Comp 20 86 500 22.1 Savings - - 
14 Tablet 20 86 500 23.0 Original Monthly Investment 

The dominant preference is towards the Savings treatment, with the Original as second. 
Motives for the Savings treatment are that is presents the sum totals for the lifetime of the 
investment, rather than processed indicators like payback time or internal rate of return (IRR). 
Lifetime savings is considered easier to understand and is more impressive looking given that 
it is a large number as compared to the investment. Original is attractive because it provides a 
mixture of terminology around savings and earnings, which maps directly to how PV generation 
saves on grid purchases and earns money when excess is sold. Seeing IRR as a percentage was 
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considered a negative since the numbers are generally quite low as compared to other 
investment options. Since the indicators describe identical economic conditions (i.e. the same 
lifetime cash flow) these results could technically be considered irrational 

Most users who identified a treatment as being least preferred selected the Monthly framing. 
The numbers are perceived as too small and insignificant, making the PV system appear less 
interesting. The variation in generation over the year also makes the monthly average less 
intuitive since users know it will not be the same month to month. 

From a utility standpoint, the respondents found the website very easy to use and appreciated 
how simple it was to get a result. However, there was a discrepancy in opinion about the 
volume of information provided. Table 5 shows that there are some users who spend a lot of 
time on the site, 20 minutes or more, while others only spend a few minutes. The ones spending 
a lot of time map closely to the “professionally skilled” group identified by Palm and Eriksson 
[13]. They are already knowledgeable about PV and find the large range of features interesting. 
The other group match more to the “environmentally engaged adopters” group, who are 
interested and want to know more, but do not have the confidence or experience to use all the 
information or change the inputs from the defaults. 

With regards to trust, many interviewees were skeptical, or at least confused, about the results 
the map gave them. This was in large part due to the system recommendations being smaller 
than expected, most often smaller than what the roof could hold, and the economics being 
relatively poor. The small size is due to the optimization choice, where the system with the 
shortest payback time is recommended. As mentioned earlier, almost every other online tool, 
and many sellers, will by default fill the roof with as much PV as possible. When shown how the 
results look with a maximized PV system, all respondents said they would prefer that system as 
the economics are only marginally worse, but the amount of generation is maximized. 

This is something of a shift in preferences and is due in part to the geopolitical situation in 
Europe leading to record high electricity prices during the testing period. It was believed by all 
respondents that the systems would save them money on energy, and that it will take many 
years to payback, but the exact time was not important. The main economic concern was if 
they could afford to purchase the system, and they wanted as much PV as they could afford. 
Self-sufficiency was also lifted in priority as a benefit, again due to the geopolitical conflicts that 
threaten to reduce Europe’s energy supply. 

Another limitation of the map format is that it is not detailed enough to capture small obstacles 
on the roof which can significantly reduce the area available for PV. This limits the trust in 
results because respondents understand this is just a rough estimate and is not enough 
information to make a decision. One respondent, who had requested offers from several 
suppliers, said that she did not even consider an offer unless a person visited the home, and 
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ideally went up onto the roof to measure the area. This level of detail is very difficult to capture 
at scale, suggesting that the solar maps may always (or at least in the foreseeable future) 
require some level of manual input to select relevant areas of the roof. Several of the 
“professionally skilled” respondents mentioned that they wished the map had this feature. 

Overall, the maps have succeeded in improving the delivery of information to users through its 
ease of use and higher utility. The framing of information is found to be not very critical to the 
decision-making process, however if one approach is to be recommended it is to consider PV 
systems as an energy and money saving device. It is not clear that the maps have improved the 
trust of online information for all users. Those who are already knowledgeable do find it useful 
for cross-checking offers from companies, but those without expertise require guidance to get 
the full utility from the map. This highlights another potential use case, which is guided use, 
where an energy advisor, trusted peer, or salesperson could go through the map and results 
with the homeowner. There are already several commercial products that PV sellers use like 
this, however having a public and transparent alternative provides a check on the solar industry 
and reduce information asymmetry. 
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Discussion 
The world changed dramatically from the outset of this project in 2019 – first the COVID-19 
pandemic and now the invasion of Ukraine that threaten Europe’s energy supply. This has 
unsurprisingly affected how people view their own energy security and the strong demand for 
solar PV reflects that. Sweden has already been experiencing strong growth in PV installations, 
with installation rates increasing 40% to 50% per year. At the same time, as the costs for PV 
decline, the state subsidies have also declined, and this project’s goals were framed around the 
idea that the economic benefits of PV might stagnate at a level that does not allow it to reach 
the mass market in Sweden. 

What has instead happened is that demand is so strong that suppliers and supply chains cannot 
keep up. There are now waiting times of up to one year from signing a contract to get PV 
installed. But this is also not entirely due to the global events of the past two years – it has 
become commonplace in the solar industry and media to claim that PV systems are economic 
for everyone, and that payback times are normally 7-10 years [18]. This timeframe also happens 
to be when most people will find PV systems economically acceptable [19]. The problem is that 
few neutral third parties find the same result, and that achieving a payback time of less than 10 
years is reserved only for the most productive roofs and optimistic economic scenarios [17].  

From the interviews conducted during this study, those who are earlier in their PV adoption 
journey have greater skepticism about the economic potential of PV. Those who are further 
along such that they are asking for offers generally have pre-conceived expectations that PV 
will have great economic outcomes and PV sellers provide analysis that confirms this bias. For 
example, our study showed that consumers generally consider PV as a way to save energy and 
money, preferring to compare investment cost with undiscounted lifetime savings. If an 
analysis includes inflated future energy prices or assumes current feed-in subsidies will last 
forever, then the lifetime savings can appear unrealistically positive. 

It must be asked then if this is actually a bad thing – almost everyone agrees that more solar PV 
in the energy system is good, and if people are happy with their investments in the short term, 
then what is the problem? Experience in other industries with information asymmetry has 
found a degradation in quality [20,21] and eventually trust [22], which harms the long term 
viability of the market. It is only speculation at this point to say that this is happening with PV, 
and the need to monitor the long-term performance means that these issues could remain 
hidden for many years. However, reports are beginning to emerge that PV systems are 
underperforming as compared to expectations and there is a need to investigate further 
[11,23]. During this project, there have been several instances where interviewees and personal 
correspondence with professional contacts spoke of systems being installed or recommend on 
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north facing roofs4. It is likely that these are rare instances and not representative of the whole 
industry, however one can imagine a future where enough disappointed PV owners undermine 
the trust of the industry that has over-promised and under-delivered. 

Providing easy-to-access and -use public sources of information can help correct information 
asymmetry and avoid poor system design. Even though there is already so much information 
about solar PV online, much of it conflicting, opportunities for improvement exist. Harmonizing 
the industry with consistent methods of calculation and boundary conditions will help, but it is 
yet to be seen if this can be achieved without government regulation. This project has 
demonstrated the utility of solar maps, and if spread across the country, hosted by 
municipalities or neutral third parties, with consistent boundary conditions, then they could 
become a standard reference for technical and economic performance. For knowledgeable 
users, they provide direct utility, and for novices they can be easily accessed for guided use 
with a trusted advisor. They can also be used to expand into other technologies, such as 
batteries or electric vehicles, to further enhance their value, educate the public, and aid in the 
transition to a sustainable energy system. 

 
4 A north facing PV will still generate electricity, and the penalty is less severe if the roof is relatively flat (15°), 
however the economic outcome will be poor and the system is unlikely to payback during its lifetime. 
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Publication List 
The primary, public facing publications from this project are the solar maps created to improve 
information deliver and host experiments. Links to both maps are provided below: 

Tyréns SunEngine: https://sunengine.tyrens.se/

Karlstads Solkartan: http://gi.karlstad.se/solkartan

General Interest 

10 minute presentation at Design för Energieffektiv Vardag annual conference

45 minute presentation at digital futures’ Deep-Dive Seminar

Scientific Articles 

Sommerfeldt N, Lemoine I, Madani H. Hide and seek: The supply and demand of information 
for household solar photovoltaic investment. Energy Policy 2021;161:112726. 
https://doi.org/10.1016/j.enpol.2021.112726. 

Conference Papers 

Tóth, M. and Sommerfeldt, N. (2022) PV self-consumption prediction methods using supervised 
machine learning. In: BuildSim Nordic 2022. Copenhagen. 

Sommerfeldt, N., Lemoine, I., Madani, H. (2021) A user-centered design approach to identify 
behavioral biases in household solar PV adoption. In: Xianli Zhu and Gabriela Prata Dias (ed.), 
6th European Conference on Behaviour Change for Energy Efficiency (pp. 134-137). 
Copenhagen. 

Galli, F. and Sommerfeldt N. (2021) Predicting PV self-consumption in villas with machine 
learning In: 38th European Photovoltaic Solar Energy Conference and Exhibition, Lisbon. 

Master’s Theses 

Hjort, L. Evaluation of a Solar Map: Investing in household PV from a prosumer standpoint. KTH 
Royal Institute of Technology, MSc. Thesis. 2022. 

Tóth, M. PV Self-Consumption: Regression models and data visualization. KTH Royal Institute of 
Technology, MSc. Thesis. 2022. 

Galli, F. Predicting PV self-consumption in villas with machine learning. KTH Royal Institute of 
Technology, MSc. Thesis. 2021. 

https://sunengine.tyrens.se/
http://gi.karlstad.se/solkartan
https://youtu.be/spNmctGKPlA
https://youtu.be/3KIzxk5J5cc
https://doi.org/10.1016/j.enpol.2021.112726
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