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Abstract 

There is a need to reduce unsustainable use of fossil fuels. Increased usage of 
renewable energy by combined use of photovoltaic solar panels (PV) with bat-
tery storage is one way. Another way is to increase awareness of energy usage 
and reduce the energy performance gap by building energy-efficient buildings. 
Buildings have a long lifetime and high energy usage will have an impact for 
a long time.  
 
Barriers, drivers and non-energy benefits (NEBs) for investments in battery 
storage in photovoltaic systems (PV) in the context of farmers in Sweden with 
PV systems was investigated by a questionnaire study. The questionnaire was 
sent to farmers in Sweden who already have photovoltaics installed and about 
100 persons answered, a response rate of 59%.  
 
Among the drivers for investments in battery storage in PV systems in agricul-
ture it was found that the highest-ranked driver, i.e., to use a larger part of the 
electricity produced oneself, turns out to be the highest priority for grid owners 
seeking to reduce the need for extensive investments in the grid. The primary 
NEBs found were the possibility to become more independent of grid electric-
ity. 
 
A method for the building process, called ByggaE, which aims to reduce the 
energy performance gap, has been developed and described. The method is 
based on two main processes with activities. Documents that support the ac-
tivities can be found and stored in the energy documentation, a digital map 
structure. The two main processes are: 
 
• The client’s activity to formulate requirements and ways to verify these 

requirements. 
• The main process for other actors is to identify, handle and follow up 

risks or critical parts.  

An overall relation between the energy efficiency gap and the energy perfor-
mance gap has been identified. Realistic assumptions and follow-up related to 
the assumptions are found to be important to reduce both the energy efficiency 
gap and the energy performance gap. 
 
Keywords: Energy efficiency gap, energy performance gap, ByggaE, battery 
storage, barriers, drivers, Non-energy benefits NEB, questionnaire, quality as-
surance, PV 
 



Sammanfattning 

För att uppnå klimatmålen är det nödvändigt att minska den ohållbara använd-
ningen av fossila bränslen. Ett sätt är att öka användning av förnybar energi 
genom att kombinera solel med batterilager. Ett annat sätt är att öka medveten-
heten om energianvändningen med dess negativa påverkan på miljön och upp-
fylla energikraven för nya byggnader bättre. Eftersom byggnader har lång livs-
längd ger onödigt hög energianvändning påverkan under lång tid. 
 
Hinder, drivkrafter och andra icke energirelaterade fördelar med att investera i 
batterilager till solel har undersökts i en enkätstudie bland svenska lantbruk. 
Det kom in 100 svar från lantbrukare som har solel, vilket motsvarar en svars-
frekvens på 59 %. 
 
Den viktigaste drivkraften för att investera i batterilager till solelanläggningen 
är en högre egenanvändning av el. Detta visade sig också vara högst prioriterat 
av elnätsägare för att minska behovet av kostsamma investeringar i elnätet. 
Den största icke energirelaterade fördelen med batterilager är större oberoende 
av elnätet. 
 
En kvalitetsäkringsmetod för byggprocessen har utvecklats och beskrivits. 
Syftet med metoden, som kallas ByggaE, är att minska skillnaden mellan verk-
lig energianvändning och energikrav i nya byggnader. Metoden bygger på två 
huvudprocesser med aktiviteter. Beställarens huvudprocess är att formulera 
krav och metoder att kontrollera och följa upp dessa krav. De andra aktörernas 
huvudprocess är att identifiera, hantera och följa upp risker eller kritiska mo-
ment som kan påverka energianvändningen. Dokument som stödjer aktivite-
terna lagras i en digital mappstruktur.  
 
Det är viktigt med realistiska antaganden och uppföljning som relaterar till 
dessa antaganden för att fler lönsamma energieffektiviseringsåtgärder ska bli 
genomförda och för att de energiprestanda som krävs eller förväntas ska bli 
uppfyllda. 
 
Nyckelord: energieffektivisering, energieffektiva byggnader, kvalitetssäk-
ring, byggprocessen, ByggaE, solel, batterilager, hinder, drivkrafter, enkätstu-
die  
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Abbreviations and Definitions 

Abbreviations: Explanation 
Atemp The area enclosed by the inside of the building envelope

of all stories including cellars and attics for temperature-
controlled spaces are intended to be heated to more than
10 ºC. The area occupied by interior walls, openings for
stairs, shafts, etc., are included. The area for garages,
within residential buildings or other building premises
other than garages, are not included.   (BBR26) 

BBR Boverkets Bygg Regler, (Boverkets Building regula-
tions) 

EE Energy efficiency 
HVAC Heating, ventilation, and air conditioning 
NEB  Non-energy benefit 
nZEB Nearly Zero-Energy Building 
PV Photovoltaic solar panels 
Um Average overall heat transfer coefficient (W/m2K) 
UPS Uninterruptible power supply 

 
Definitions:  
Activity energy The electricity or other energy used for activities in the

premises. Examples are process energy, lighting, com-
puters, copying machines, TV, refrigerated/frozen food
displays/counters, appliances and other devices for the
activities, as well as ovens, refrigerators, freezers, dish-
washers, washing machines, dryers, other household ap-
pliances and the like. 

Household energy The electricity or other energy used for household pur-
poses. Examples are the electricity used for dishwashers,
washing machines, dryers (including in a shared laundry 
room), stoves, refrigerators, freezers and other household
appliances as well as lighting, computers, TV and other
home electronics and the like.  (BBR26) 

The building’s  
property energy, 
Ef  
 

The part of the building’s energy use that is related to the
building’s needs where the energy-intensive device is 
within, below or placed on the outside of the building.
Property energy includes fixed lighting in public spaces
and operating spaces. Energy used in heating cables, 
pumps, fans, engines, control and monitoring equipment
and the like is also included.  External locally placed de-
vices that supply the building, such as pumps and fans for
free cooling, are included. Devices intended for other use
than for the building, such as engine and cab heaters for
vehicles, battery chargers for external users, lighting in



the garden and on walkways, are not included. Property 
electricity refers to the part of the property energy that is
electricity-based.  (BBR26) 
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Introduction  

In 2015 the United Nations set 17 global goals for sustainable development. 
One of these goals, number seven, aims to ensure access to affordable, reliable, 
sustainable and modern energy for all people in the world (UN, 2015). It states 
that the unsustainable impact of reliance on fossil fuels must be changed into 
renewable production and awareness concerning usage of energy (UN, 2015). 
To reduce the unsustainable impact of fossil fuels, target 7.2 states that the 
global share of renewable energy must increase and target 7.3 aims to double 
the rate of improvement in energy efficiency. One way to approach this is to 
increase the use of photovoltaic solar panels (PV) and another is to reduce en-
ergy usage in buildings.  

The “Housing and service” sector accounted for 36% of the energy usages 
in the world in 2017 (SEA, 2020). In the European Union households and ser-
vices accounted for 42% of the total final energy consumption in 2017 (EEA, 
2020). In Sweden the same sector accounted for 39% in 2017 and 2018 (SEA, 
2020) while 50% of the finale energy use for “Housing and services” in 2018 
in Sweden was electricity (SEA, 2020). Access to renewable electricity is 
therefore an important issue to meet the goals for clean and affordable energy 
in this sector.  

In EU two main pieces of legislation have been issued to address the reduc-
tion in energy usage and environmental impact generated by the building sec-
tor, the Energy Performance of Buildings Directive (EPBD) (Com, 2010) and 
the Energy Efficiency Directive (EED) (Com, 2012). Stricter requirements 
were issued in a joint amendment  by the European Parliament in 2018 
(Parliamnet, 2018). Through these directives, EU aims to achieve Nearly Zero-
Energy Building (nZEB) for all new buildings by 2021 in order to accomplish 
savings in energy demand and CO2 emissions reduction. All Member States 
have to set a national nZEB definition and also stimulate higher market uptake 
of such buildings. In Sweden definitions for nZEB are in progress and a pro-
posal for new regulations on nZEB for 2021 suggests that delivered energy 
should be less than 35–80 kWh/m2 for residential buildings and 32–44 kWh/m2 
for non-residential buildings (Boverket, 2017b). 

In 2018 larger buildings like facility buildings and multifamily buildings 
used 62% of the energy usage in Swedish buildings for heating and domestic 
hot water (SEA, 2020). 

Energy produced by PV systems is  a minor share of the total global elec-
tricity production, about 1.3 % (SEA, 2019), but follows a steep rising curve 
as the installed capacity increases.  

There is a high potential for PV installations on land or farm buildings. The 
theoretical annual potential  energy production from PV in Sweden agriculture 
has been estimated to amount to about 162 TWh, including both roof-mounted 
and ground-mounted PV (Lingfors, 2015; Norberg, 2015). But there are chal-
lenges with PV as an intermittent source of electricity. Periods of high PV pro-
duction often do not coincide with periods of high electricity demand. This 
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may affect the power grid in weak low-voltage grids, for example in the coun-
tryside, and demand for reinforcements to increase the hosting capacity 
(Lingfors, 2015). Increased self-consumption of the locally generated PV 
power would be preferred but, as shown by Norberg et al. (2015), few energy-
consuming activities are flexible in time in agriculture, in particular when it 
comes to ensuring animal welfare.  

An alternative to demand response flexibility would be to store the PV 
power locally. Short-term energy storage would thereby increase the self-con-
sumption, contribute to peak shaving in the power exchange with the grid and 
stabilize the local low-voltage grid (Fitzgerald, 2015). There are different op-
portunities to store solar power over time, such as pump storage, hydrogen and 
battery storage. Battery energy storage is a possibility to reduce the variation 
in access to electricity due to a lack of solar radiation. To make solar power 
available during the night there is a need for energy storage. For short-term 
storage, e.g. 24 hours, battery storage is an upcoming technology (Darcovich 
et al., 2013; Diouf & Pode, 2015; Shaw-Williams et al., 2018). The Swedish 
governmental energy commission states that increased storage capacity in the 
power grid is a prerequisite to enable considerable expansion of PV power 
generation from 0.1 to 20 TWh (Energikommissionen, 2017). Still, the devel-
opment of battery storage is driven not only by the implementation of PV in 
the world, but even more so by the target of fossil-free transportation, e.g. elec-
tric cars and vehicles.  

High electricity grid prices and favorable access to solar radiation supported 
by policy regulations are factors for faster implementation of PV and battery 
storage. This can be seen for example in Australia (Shaw-Williams et al., 
2018). Due to high electricity prices investments in battery storage can be prof-
itable in Spain and Germany according to a European study (Zsiborács et al., 
2018).  

In Sweden, a political intention is to support technology by regulatory and 
economic conditions to enable short-term storage in the grid. The Government 
supports development in part through investment support for grid-connected 
batteries with the aim of increasing the use of locally produced electricity 
(Hjalmarsson, 2016). There are varying supports for PV and battery storage for 
different actors in Sweden (Gov, 2009) (Gov, 2016). Whether battery storage 
is profitable to increase self-consumption also depends on the electricity price 
for bought and sold electricity, including taxes and other policy implications. 

Motivation of this study 

PV and battery storage 
From a global perspective, reliable battery technology is crucial to achieve sus-
tainability target 7.1 aiming at universal access to modern energy 
(Chattopadhyay et al., 2019). Thus, PV provides a possibility to also supply 
electricity in countries with unstable power grids, while battery storage in-
creases the stability of the energy system even more and also makes energy 
accessible during the night. At the same time battery storage may however 
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harm the environment and have negative environmental consequences 
(Dehghani-Sanij et al., 2019). 

Battery storage has not yet reached economic profitability, but rapidly fall-
ing market prices are expected to change the conditions for batteries 
(Brunisholz et al., 2018; Kristoffersson, 2018; Nordling, 2015). When a prod-
uct becomes economically profitable, it becomes increasingly important to un-
derstand the values and benefits of the target group to develop and design tech-
nical solutions, services and business models. 

Even though there has been a lot of previous research on battery storage 
and PV systems, no study on barriers, drivers, and non-energy benefits was 
found regarding battery storage in PV systems. 

Quality assurance in the building process 
Although there are regulations about the energy usage in buildings (Boverket, 
2019), there is a difference between predicted and measured energy usage in 
new buildings. This energy performance gap has been shown in several studies, 
both in Sweden and in other European countries (Calì et al., 2016; De Wilde, 
2014; Filipsson & Dalenbäck, 2014; Filipsson et al., 2013). 

There have been different approaches to reduce the energy performance 
gap. For retrofitting of multifamily buildings a method for quality assurance of 
indoor environment and energy usage was developed in the SQUARE project 
and used in Brogården, Alingsås, Sweden (Kovacs & Mjörnell, 2020; Ruud et 
al., 2008)  

There are different initiatives in Sweden for energy-efficient buildings that 
have developed different tools like Sveby, BeBo (for housing) and BeLok (for 
commercial premises).  

Sustainability assessment schemes like LEED, BREEAM, GREEN STAR 
and the Swedish Miljöbyggnad have requirements to be fulfilled to get a cer-
tificate for the building. These systems include a wide range of environmental 
aspects of the building, like materials, indoor environment, energy and so on. 

The building process is highly affected by national circumstances and 
boundaries even if there are international building companies that are estab-
lished in many countries. National boundaries are connected to language, dif-
ferent architecture due to outdoor climate, national building regulations and 
national organization culture in the building industry.  

Even if there are methods, certifications and initiatives for energy-efficient 
new buildings none of them have focus on the process to reach those goals. 
There is a need for more structure in the process to reach goals from other tools 
and reduce the energy performance gap. 
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Aim of the thesis  
The seventh global goal for sustainable development states that the global 
share of renewable energy must increase and states the importance of aware-
ness concerning usage of energy. One way to approach this is to increase the 
use of photovoltaic solar panels (PV) and to combine them with battery stor-
age. One aim of this thesis is therefor to explore barriers, drivers and non-en-
ergy benefits (NEBs) with battery storage in PV systems.   

One way to be aware of energy usage is to construct energy-efficient build-
ings. New buildings are a small part of the building stock, but since buildings 
have a long lifetime it is important to fulfill goals for energy usage in new 
buildings. Unnecessary energy usage will have consequences for a long time. 
The aim of this thesis is therefor also to explore how to fulfill goals for energy 
usage in new buildings. 

 
Research questions: 

• What are the major barriers for battery storage investments in PV sys-
tems in agriculture? 

• What are the major drivers and non-energy benefits (NEBs) for bat-
tery storage investments in PV systems in agriculture? 

• How can a method for reducing the energy performance gap be de-
veloped? 

Scope and limitations  
The scope of this thesis relates to the building process and transition to low-
carbon energy systems. Limitation for the scope is that the study is related to 
Swedish conditions in energy systems and building processes. The study about 
energy storage is limited to battery storage in PV systems, and to agriculture 
with installed PV systems. The developed method to decrease energy usage in 
buildings is related to the building process for new buildings in larger building 
projects like facilities and multifamily buildings. 
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Summary of papers 

Paper I 
Battery storage is pointed out as one way to increase the share of renewables 
in the energy system. The use of local battery storage is also beneficial to re-
duce power variations in the grid and thereby contribute to a more robust and 
cost-effective energy system. The purpose of this paper was to investigate bar-
riers, drivers and non-energy benefits (NEB) for investments in battery storage 
in photovoltaic systems (PV) in the context of farmers in Sweden with PV 
systems. The study was based on a questionnaire about barriers, driving forces 
and NEB for investment in battery storage connected to PV. The questionnaire 
was sent to farmers in Sweden who already have photovoltaics installed and 
about 100 persons answered, a response rate of 59%. The major barriers found 
are related to technical and economic risks for the investment in battery stor-
age. A major conclusion was that the highest ranked driver, i.e., to use a larger 
part of the electricity produced themselves, is also the highest priority for the 
grid owner in order to reduce the need for extensive investments in the grid. 
The primary NEB found was the possibility to become independent from elec-
tricity from the grid. 

Paper II 
Policies for energy efficiency requirements in buildings have become more 
stringent according to EU2020 goals. Despite policy regulations, requirements 
for energy efficiency are not met in many new buildings. Some of the reasons 
for this energy performance gap are related to the building process. The aim 
with Paper II was to describe a purposed method for quality assurance of sus-
tainable buildings according to energy efficiency. The proposed method is 
called ByggaE, where “Bygga” is the Swedish word for “build” and E is the 
first letter in “energy efficient.” It is a tool intended to lower the energy per-
formance gap related to the building process by guiding the client and provid-
ers through the process to fulfill goals. The essence of ByggaE is the formula-
tion of requirements by the client and the working process of identifying, han-
dling and following up critical constructions and key issues. This working pro-
cess involves all participants in the building project by using appropriate 
quality guidelines and checklists for documentation, communication and veri-
fication. ByggaE is a step forward ensuring that the building fulfills the defined 
functions and that conscious decisions are taken when goals have to be changed 
during the building project. The next steps are to ensure the usefulness of the 
method in practice by more testing and to spread knowledge about the method.  
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Theoretical background  

In this section the two theoretical concepts that are the basis for this thesis are 
described. Paper I is based on the first described theory and Paper II on the 
second.  

The energy efficiency gap - Barriers for energy-efficient 
investments 
The energy efficiency gap is related to non-investments of cost-effective tech-
nical measures that improve energy efficiency (Hirst & Brown, 1990; Jaffe & 
Stavins, 1994; Sorrell et al., 2004). In Figure 1, a decision-making model by 
Cooremans (2012) is presented. A decision about an investment is a complex 
process, influenced by many factors. Cooremans divides the process into five 
steps, which starts with an initial idea. This idea is diagnosed and then solutions 
are built up before the evaluation and choice comes and may lead to imple-
mentation. The evaluation and choice step, marked with grey in the figure, is 
where the barriers finally may come into play or not. 
 

 
Figure 1. The investment  decision-making model  (Cooremans, 2012) 

 
In previous research, barriers for investment and thereby implementation of 
the cost-effective energy-efficient technologies are identified. The barriers can 
be divided into three groups: economic, organizational and behavioral barri-
ers.(Sorrell et al., 2004; Thollander & Palm, 2013) In Table 1 these theoretical 
barriers are described for each category.  
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Table 1. Barriers to energy-efficient investments 

Category Theoretical 
barriers 

Explanation 

Economic 
barriers 

Imperfect 
information 

When the information for customers is imperfect 

Adverse  
selection 

If the seller knows more about energy performance 
than the customer. The customer may take deci-
sions based on other factors 

Principal – 
agent  
relationship 

Strict monitoring and control by the principal, since 
he or she cannot observe what the agent is doing, 
may result in overlooking energy efficiency 
measures 

Split  
incentives 

If the investment must be done by a facility owner 
but a tenant pays for energy and gets the profit 

Hidden costs Costs not included in the calculation but are needed 
to make the investment possible. 

Access to  
capital 

Limited access to capital may inhibit cost-effective 
renewable or energy-efficient technology. 

Risk The customers will take economic risks that may in-
hibit cost effective investments 

Heterogeneity When a technology is cost effective in most cases 
but not all cases 

Behavioral 
barriers 

Form of  
information 

The way an energy efficient or renewable technol-
ogy is presented to the customer has an impact on 
the willingness to invest  (Stern & Aronson, 1984) 

Credibility and 
trust 

Credibility and trust for the information is important 
for implementation 

Values Environmental values within the organization or in-
dividuals can promote investments based on gut 
feeling instead of complete information can be a 
barrier for investments in energy efficient or renew-
able technology 

Inertia Individuals are often hesitant to change 
Bounded  
rationality 

Investments based on gut feeling instead of com-
plete information can be a barrier for investments in 
energy efficient or renewable technology. 

Organiza-
tional 

Power Low status of energy efficiency and renewables 
may lead to low priority for even cost-effective tech-
nologies 

Culture Energy efficiency and renewables can be within the 
culture in an organization or be prevented. 

Non-energy benefits 
If benefits other than energy efficiency are included in the decision about an 
investment in energy-efficient technology, the energy efficiency gap may be 
reduced. These benefits, called non-energy benefits (NEBs), have been ex-
plored for Swedish industry (Nehler, 2014) and in the building sector (Jakob, 
2006; Urge-Vorsatz et al., 2009), where these benefits also are referred to as 
co-benefits and ancillary benefits. Examples of NEBs could be reduced 
maintenance, reduced noise and better indoor environment (Thollander et al., 
2020).  
 



9 

The energy performance gap 
Energy usage in buildings is related to technical and operative performance. 
The technical performance is dependent on properties and functions for instal-
lations and other energy-consuming devices. The operative performance is re-
lated to the usage of the building and the energy-consuming units.   

Occupants are the very reason for the existence of many buildings. Build-
ings are meant to be used by people as a protection against outdoor climate and 
often for a specific activity. But there are also buildings or parts of buildings 
where the main purpose is to protect and preserve material and goods, for ex-
ample food, that need a certain climate, where human beings must adapt the 
circumstances, for example in refrigerated storage.  

The occupant behavior and handling of the building have an impact on the 
energy usage of the building (Ahn & Park, 2016). The effects of occupant be-
havior are well investigated in the literature. For example, 34 different key 
words related to “Occupant behavior,” used 63 times, were found in papers 
with citations by De Wilde (2014). Proper prediction of occupant behavior is 
crucial in energy simulations of buildings. Knowledge about occupant usage 
of the building is important when energy usage is followed up. Indoor envi-
ronment parameters and occupant satisfaction are important parameters in 
evaluation of building performance (Agha-Hossein et al., 2013; Wyon, 2004). 
To go one step further and reach energy efficiency goals there is need for  
dialog and engagement with occupants (Valle et al., 2019). 

There are other important factors that have an impact on energy usage for 
the building. Building design, construction and materials in the building enve-
lope have an impact on the need for heating and cooling to create and maintain 
desired indoor environment. Energy is used in systems for heating, ventilation 
and sometimes air-conditioning to make the building thermally comfortable. 
Lightning and equipment in the building use electricity and interact with the 
indoor climate with heat losses. 

There are requirements for energy usage in buildings (Boverket, 2019) 
which are not always fulfilled (Lantz & Wahlström, 2018). This difference be-
tween the predicted and real energy usage of a building is referred to as the 
energy performance gap (De Wilde, 2014).  



10 

De Wilde (2014) relates occurrence of the energy performance gap to three 
different stages in the building process: design, construction and operation, and 
causes related to overall problems. See illustration in Figure 2 . Connected to 
these stages several causes have been noted.  

Figure 2. De Wilde (2014) relates causes for the energy performance gap to overall rea-
sons and to three different steps in the building process.  
 

Overall reasons for the energy performance gap 
Among overall reasons for the energy performance gap De Wilde (2014) de-
scribes quality issues. According to De Wilde (2014), there are also problems 
with poor client knowledge and poor labor skills. Quality problems in produc-
tion has been investigated in Sweden in 2015 in a report about self-assessment 
(Swedish “egenkontroll”) in building production (Koch & Jonsson, 2015). De 
Wilde (2014) also thinks that policy regulations about energy efficiency give 
optimistic predictions especially in combination with lack of post-occupancy 
evaluation.  

Reasons for the energy performance gap in the design stage 

Performance requirements and targets 
One identified reason for the energy performance gap that appears in the design 
stage is related to targets and requirements for the building project. These are 
to be decided by the client, except those related to legal requirements that must 
be fulfilled. Lack of appropriate targets, miscommunication about performance 
targets, miscommunication about future use and target conflicts are important 
reasons for the energy performance gap (UK Green Building Council, 2016); 
(Newsham et al., 2009). 
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Energy simulation 
Prediction tools for energy usage in buildings can give good input for how to 
design the building to reach energy efficiency, but only if programs are used 
in a proper way. To give correct predictions the program has to fulfill certain 
requirements and be validated. The user of the program needs qualifications 
and skills to use it and there is a need for proper input data in the model in 
order for the results to be accurate and reliable. Data are needed for the building 
construction, where the resulting heat transmission coefficient named Um-
value is the most critical value together with the temperate area Atemp, air leak-
age of the building and percentage window area of the building envelope. 
Knowledge about systems for heating, ventilation and air conditioning are also 
important, including air-change rates, operation time and control functions. As 
mentioned above, data about usage of the building and internal loads like light-
ing, equipment that uses energy and people that give off heat will have impact 
on the result. These aspects are sometimes unknown since the future use is 
unknown. Since the tool is used during the building process the input data to 
the simulation are predictions about the future, and some data are very uncer-
tain. This is important to keep in mind. To fulfil energy requirements, it is 
important to ensure that the used predictions are fulfilled or to remake the sim-
ulation with proper data and if needed reconstruct the building.  

In Sweden there is a demand to use energy simulations in the design stage 
of the building process to get building permits. Requirements for the building 
according to BBR (Boverket, 2019) should be fulfilled in the calculation to get 
permission to start the building project.  

Building design 
In the design stage the overall architectural design is made. There could be 
reasons for the energy performance gap built into the overall design. The de-
sign could make it hard to reach energy efficiency goals by the shape of the 
building, proportion of window area and materials. Functions in the building 
could cooperate with natural behavior of people or attract non-energy efficient 
behavior (Isaksson, 2017).  

Buildability and dimensioning 
Other reasons for the energy performance gap that occur in the design stage 
are related to construction details for building envelope and installations. Lack 
of details and unconsidered constructions with low buildability are examples. 
Performance for installations like HVAC systems (heating, ventilation and air 
conditioning) are designed for the maximum load on the coldest and warmest 
day of the year. Energy efficiency on part-load, which will be the most com-
mon operation case, is important. 
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Reasons for the energy performance gap in the construction 
stage including hand-over 

Construction  
In the construction stage the building is shaped. If the preparatory work is well 
done there is a basis to construct an energy efficient building. But this requires 
well-done work on the construction site in accordance with specifications. 
Changed materials, to reduce costs, can result in poorer performance according 
to energy efficiency. For the building envelope it is important to reach the U-
values and air tightness used in the calculations. Critical issues could be as-
semblage of insulation and extra thermal bridges caused by on-the-job solu-
tions (De Wilde, 2014). These could be a result of lack of details from the 
design stage or in the worst case an unconsidered construction. Windows and 
doors are important building elements both in terms of product performance 
and installation (Steen Englund et al., 2020). 

For building installations, like HVAC systems, product performance and 
installation are also important (Alencastro; et al., 2018), but adjustment and 
coordination of functions and testing are important additions, which are often 
not included in tight schedules (Stensson et al., 2018).  

De Wilde (2014) refers to the overall culture as a problem in the construc-
tion stage. Even in Sweden there are problems with self-assessment, which is 
used for quality assurance in the construction stage. But there are a few actors 
who use it to avoid costs for building mistakes (Koch & Jonsson, 2015). 

Hand-over 
Hand-over is also identified as a critical part to reach goals for energy usage.  
Lack of verification measurements by reliable and simple methods are a part 
of the problem. Hand-over also means that responsibility for the building is 
transferred from the contractor to the owner and manager.  

As mentioned above, energy usage in buildings depends on many compo-
nents such as the building envelope, building installations, outdoor and indoor 
climate, and the usage. This makes follow-up complicated. In Sweden there 
are new regulations for determination of normalization of energy usage in new 
buildings  (Boverket, 2016, 2017a, 2018). 
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Reasons for the energy performance gap in operation of the 
building 
When the operation phase of the building starts, the actual energy usage will 
be known, if it is measured. Defects that have been established earlier will now 
appear as technical performance problems and new operative performance 
problems can occur. In this section focus is on problems that occur and are 
established during operation. 

If the building is used in a way other than it was designed for, the energy 
usage will probably differ. Other kind of activities, number of people and op-
eration time will affect this and can result in both higher and lower energy 
consumption.  

Facility management becomes important to maintain the building and its 
installations. Cleaning or changing filters in air handling units and heating sys-
tems and keeping up with optimization are examples of activities that have an 
impact on energy usage. 
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Methodology  

Paper I 
In Paper I a literature review inspired by Yin (2013) was carried out by search 
in the Web of Science database. The search terms “battery storage,” “photo-
voltaics” and “barriers” were used, leading to five papers, only one of which 
was considered to be relevant for the paper. Furthermore, using the search 
terms “battery storage,” “photovoltaics” and “driver” resulted in six papers 
where only two were considered to be relevant for the paper. Also, using the 
search terms “battery storage,” “photovoltaics” and “agriculture” only led to 
one paper. 

When changing to using the search terms “battery storage,” “photovoltaics” 
and “farm,” seven papers were found of which two were considered useful.  

Finally, when using the search terms “battery stock” and “photovoltaics,” 
six papers were found, among which three were initially selected. 

In Paper I a questionnaire study (Trost & Hultåker, 2016) was designed to 
identify the driving forces, barriers and NEBs of installing battery storage 
among Swedish farmers with PV.  

The content of the questions was based on barrier theory (Sorrell et al., 
2004), here applied to investments in renewable energy or support systems for 
renewable energy, for example battery storage. The theory is more thoroughly 
described under the heading “The energy efficiency gap” in this thesis. The 
questionnaire was also inspired by Brudermann et al. (2013), focusing mainly 
on factors that can affect whether battery technology becomes an attractive 
investment or not for a farmer. The questionnaire also contained questions 
about the reasons for installing solar power in terms of PV systems, and atti-
tudes to sustainability. 
In total, 192 farmers with PV installations were contacted, by regular mail or 
phone, to answer the questions and 99 replies were received, 14 of them by 
telephone. Thus, the final proportion of respondents amounted to 59 percent, 
see Table 2. 
 
Table 2. Selection, number responding and response rate for the study's various meth-
ods of data collection. 

 

Selection 

Number of re-
spondents (re-
ceived and com-
pleted question-
naires/full phone 
calls) 

Proportion of  
respondents (%) 

Questionnaire  178 99 56 
Telephone inter-  
views  14 14 100 

Total 192 113 59 
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The study was limited to farmers who had already installed solar power plants 
and thus provides an end-user prosumer perspective on battery storage in PV 
systems. Notably, the perspective of grid owners and their perspectives on bat-
tery storage and PV was not within the scope of the paper. Most barriers and 
driver studies are related to current technologies that are perceived as cost-
effective. In the current case of battery storage, it was still in the early phase in 
terms of market adoption. The system boundary was therefore eliminated and 
assumed the technology to be cost-effective in the future. It should be noted 
that the term energy efficiency gap is connected in this case to battery storage 
in PV systems while in principle it is more related to renewable energy sources 
(RES). Furthermore, a few questions related to the current policy mix were 
included in order to draw conclusions regarding potential policy implications.  

The types of questions posed were multiple-choice questions, estimates and 
free text responses. The telephone interviews were based on the same ques-
tionnaire with the purpose to provide scope for an extended reasoning about 
the issues (free text answers), which is difficult to capture in questionnaires. 
All responses were entered into the computer tool SurveyMonkey for data pro-
cessing. Both qualitative and quantitative data have been considered in the 
compilation of the results. 

The part concerning NEBs in this study was inspired by Nehler (2014). No-
tably, there are also a number of drawbacks such as noise from the battery 
cooling, increased maintenance cost (for batteries) and also increased waste 
when battery lifetime is reached. However, these were not included in the ac-
tual study. 

The study was inspired by the energy efficiency gap and studies on barriers 
to and drivers for energy efficiency (Johansson & Thollander, 2018). The bar-
rier theory (Sorrell et al., 2004) tries to describe the difference between poten-
tial cost-effective energy efficiency measures and measures that are imple-
mented. Barriers are related to economy, organization and behavior. This 
method has previously been used in studies in industry in Sweden (Trygg et 
al., 2010) and in Europe (Sorrell et al., 2004). The barriers were categorized 
into risk, access to capital, hidden costs and imperfect information while the 
drivers were categorized into financial, environmental and other driving forces. 

Paper II 
The developed methodology in Paper II is based on a methodology for mois-
ture management in the building process, in Swedish called ByggaF (Mjörnell 
et al., 2012). The purpose of ByggaF is to help all those involved to work with 
moisture safety activities and document them in a structured way.  

The background was that a lot of moisture damage was found for example 
in school buildings (Hilling, 1998). The damage was a result of various reasons 
related to all stages in the building process and usage. Often there was multiple 
reasons for one type of damage. All parts involved could also be related to 
damage. A dialogue started between building owners and experts who did the 
analysis. Could these damages be prevented? Much of the damage was expen-
sive to fix and hard to repair afterwards. There was an economic interest from 
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the building owners to prevent these damages. It was found out that better qual-
ity assurance during the building process with all parts involved would prevent 
the damage. This dialogue finally ended up in the development of ByggaF in 
2008 (Mjörnell et al., 2008) and in 2013 it became an industry standard 
(ByggaF, 2013). In 2010, a method for air-tightness in buildings (Sikander, 
2010) was developed based on the same methodology. The method is called 
ByggaL in Swedish. 

The starting point and hypothesis for the development of ByggaE was that 
the problems to fulfill energy requirements for buildings could be handled in 
the similar way as moisture and air tightness problems are handled in ByggaF 
and ByggaL. Therefore similar activities and documentation as in ByggaF and 
ByggaL were developed but with focus on energy efficiency for the building 
(Gustavsson et al., 2013). The similarities between moisture safety and energy 
efficiency in buildings were thus supposed to be related to quality in the build-
ing process.  

As a secondary step case studies inspired by Yin (2013) were implemented 
in three building projects to verify the method. The test sites were schools or 
preschool buildings, all located in the south of Sweden and owned by the same 
municipality. ByggaE was introduced in different phases of the building pro-
jects by a researcher at an ordinary project meeting. 

The property manager had their own energy coordinator who was to prepare 
the documents for the specific project and follow up on the use of them. The 
documentation was handed out in different ways according to how other doc-
umentation in the project was handled. 

For analysis of the implementation of ByggaE, copies of the documentation 
used were collected. Interviews were performed with participants in the build-
ing projects with a semi-structured interview guide. The answers were briefly 
notated during the interview. These data were analyzed accordingly to find 
improvements from ByggaE. Based on results from the case studies ByggaE 
was revised and material for introduction was produced. The latest version of 
ByggaE is available at www.byggae.se.  
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Results and discussion  

This chapter presents and discusses the results from both papers. 

What are the major barriers for battery storage investments 
in PV systems in agriculture?  
In Paper I it was found that the four major barriers for investments in battery 
storage in PV systems in agriculture are related to technical and economic 
risks, i.e., risk that the performance of the battery storage will deteriorate over 
time, risk of poor performance of the battery storage, uncertainty regarding 
investment aid, and the size of the investment. See Figure 3. Barriers of lower 
importance were lack of confidence in technology in general. This barrier is 
notably related to the fact that the respondents have great confidence in tech-
nology in general but perceive the specific technology as uncertain. Investing 
by using their own or borrowed capital is therefore seen as a risk, due to the 
uncertainty about function and performance. Therefore, investment support is 
preferred, but requires long-term regulations to dare to invest in the technol-
ogy. With better reliability and function of battery storage, especially regarding 
uninterruptible power supply (UPS), it is possible that the desire to invest eq-
uity would increase.  

Another aspect is that in the respondent group as a whole many see them-
selves as early adopters when it comes to energy and environmental issues 
(Rogers, 1995). They think their own company takes a little more responsibil-
ity compared to what is required of others, even if they see energy and envi-
ronmental issues as an issue where politicians have a great responsibility. 
There are notably some doubts about battery technology as environmentally 
sound technology, which could turn into a major barrier. As one respondent 
states, “One should not talk about solar and battery storage and then in five 
years say that it was not good. If you have batteries that are a bit ugly, but turn 
out to be very ugly, then you have to remove them” (Lane et al., 2019). 

Another barrier of lower importance was uncertainty about the future for 
the farm. Even if some of these farmers have shut down normal farm activities, 
they still see PV investments as a possibility to continue to have a positive 
revenue stream from the farm after the shutdown of common farm activities. 
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Figure 3. Barriers for investments in battery storage in PV systems. 0% corresponds to 
very low barrier and 100% to very high barrier. 
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What are the major drivers and non-energy benefits for 
battery storage investments in PV systems in agriculture? 
One of the main results is that the highest-ranked driver, i.e., to use a larger 
part of the produced electricity oneself, turns out to be the highest priority for 
the grid owner seeking to reduce the need for extensive investments in the grid.  

 
Figure 4. Drivers for investments in battery storage in PV systems. 0% corresponds to a 
very low-ranked driver and 100% to a very high-ranked driver. 

This also relates to the sixth highest ranked driver, “Increased independence 
from the power grid.” See Figure 4. These drivers are both related to a desire 
to be more self-sufficient in terms of energy supply, as well as “Reducing 
costs,” which is the second-highest ranked driver. Furthermore, even the third 
highest-ranked driving force, “Investment support for battery storage,” is re-
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lated to finance and reducing investment risk. Also, in fifth place in the rank-
ing, a financial-related driver, “Reduced electricity grid charge through low-
ered hedging,” is found. 

Other semi-high ranked driving forces related to financial issues were, 
“Threat of rising energy prices, Possibility to use the battery storage for backup 
power on the farm, i.e., electricity supply during longer blackouts, Possibility 
to use the battery layer for emergency power on the farm, i.e., automatic short-
term electricity supply of the main functions while waiting for other backup 
power to be connected.” 

In fourth place among the highest ranked drivers was “I feel responsible for 
future generations.” 

Notably, even though the other top-ranked drivers are related to financial 
issues, even environmental values as a driver seem to be of importance. Also, 
the seventh ranked driver, “Supporting the development of technology,” is re-
lated to values among the decision-makers. “Environmental profiling of agri-
culture” as a driver was ranked as the eleventh most important driver, “The 
desire to be a role model” was in 12th place. 

However, environmental values as a driver are ambiguous, as in other parts 
of the questionnaire, and battery storage as an eco-adapted technology was 
questioned. Two respondents stated that: “Not to rush the first time when it 
comes to battery technology, batteries are today an environmental problem that 
will avalanche if you do not follow up on recycling” and “Will probably install 
more solar cells, doubtful about batteries...” (Lane et al., 2019). Notably, this 
may also be related to whether the respondents are so-called early adopters or 
not. 

Related to the concept of NEBs, the study revealed several such benefits, 
as well as drawbacks. The primary NEBs found were the possibility to become 
more independent of grid electricity. Furthermore, another important NEB is 
that battery storage is in fact an environmentally and climate-adapted solution, 
and that the respondents are acting for sustainability by investing in these tech-
nologies. Moreover, it was now also possible to run an electric car, for farmers 
who own such, on the electricity from PV as well as from the battery. This was 
also considered an important NEB. Furthermore, decades of farming shut-
downs among Swedish farmers, as a consequence of increased competition 
from outside of Sweden, have led to many of the studied farms now being 
inactive. 

Installation of battery storage and PV is seen as an alternative form of busi-
ness activity for the farm. Yet another NEB found was that it is perceived as 
enjoyable to make one’s own electricity. 
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How can a method for reducing the energy performance 
gap be developed? 
 
In Paper II the methodology ByggaE for quality assurance of the building pro-
cess was described and proposed to reduce the energy performance gap. 

As previously discussed in the theoretical background in this thesis, reasons 
for the energy performance gap are identified in all parts of the building pro-
cess and all actors are involved (Alencastro et al., 2018; van Dronkelaar et al., 
2016). Therefore the proposed method ByggaE is supposed to support all ac-
tors through all parts of the building process. The client is the one who has 
power over the requirements and decisions since they pay for the building pro-
ject. The other actors include project managers, architects, design engineers 
and contractors that design and build, and finally there are operators, users and 
property managers who will use and take care of the building. See Figure 5.  

There are two main activity processes in ByggaE to support the client and 
the other actors. These are illustrated in Figure 6. : 
 

 
1. The client’s activity to formulate requirements and ways to verify 

these requirements. 
2. The main process for other actors is to identify, handle and follow 

up risks or critical parts. This involves all parts.  
 
To support the two main process activities there are proposed meetings with 
agendas as support, checklists, etc. Documents that support the activities can 
be found and stored in the energy documentation, a digital map structure. By-
ggaE could be found at www.byggae.se 
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Figure 5. Actors, processes and tools in ByggaE 

 

Figure 6. The two main process activities and support tools in ByggaE 
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Requirements, verification and communication 
Lack of appropriate targets or requirements and miscommunication about these 
targets are pointed out as one important reason for the energy performance gap. 
Therefore the first activity in ByggaE is the formulation of requirements by the 
client. The requirements and how they will be verified have to be communi-
cated to the other actors. To support this activity there are templates for de-
scription of requirements and verification. Levels for technical requirements 
and methods for verification can be used from other systems such as sustaina-
bility assessment schemes, passive house standards, Sveby, BeBo, BeLok, etc. 
Legal requirements are the bottom line. In the Swedish report “The energy 
map” (Energikartan), there is an overview for the building process for tools 
from Sveby, BeBo, BeLok and ByggaE (Levin et al., 2018). 

Compared to the process in Figure 2 ByggaE highlights communication and 
hand-over as separate important activities to overcome miscommunication and 
knowledge about requirements among the other actors. 

Risk management 
The second process in ByggaE is to work with risks or critical parts and issues. 
These risks or critical parts are defined as anything that will affect the future 
energy use in the building. An example could be a complicated construction 
that may result in extra thermal bridges and affect the Um-value and thereby 
affect the future energy usage. A risk management measure connected to this 
construction example could be to discover risks during the design stage when 
the checklist for construction is used or during a coordination meeting with 
focus on energy efficiency. It could be handled by trying to reconstruct to avoid 
the thermal bridge and add an extra detail on the drawing. It could be followed 
up during an energy review on site. 

Other examples of critical parts could be an overestimated energy calcula-
tion or lack of coordination between installations. 
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General discussion: Overall relations between the energy 
efficiency gap and the energy performance gap 
Is there a connection between the theories about the energy efficiency gap and 
the energy performance gap described in this thesis?  

Motivation for decisions about energy-efficient solutions are built up on 
different assumptions regarding technical functions, usage and other parame-
ters. Technical products can be tested under certain circumstances. In practice 
these circumstances are different from a lab environment. The assumptions 
could be realistic, but quality problems in the implementation result in contri-
bution to the energy performance gap. Some assumptions are unrealistic and 
could not be realized and then contribute to the energy performance gap in that 
way. On the other hand, assumptions that underestimate energy efficiency pa-
rameters will contribute to the energy efficiency gap and energy efficiency will 
not be implemented at all. Therefore, realistic assumptions and follow-up re-
lated to the assumptions are important to reduce both the energy efficiency gap 
and the energy performance gap. An additional box for follow up in Coore-
mans’ model, (Cooremans, 2012) see Figure 1, will connect the models.  
The model in Figure 7 could be used for investments in energy-efficient tech-
nologies both in existing and new buildings.  Paper I has an example of an 
investment in an existing building and Paper II focuses mostly on the building 
process for new buildings but can also be used for renovation. 
 

 
Figure 7. Cooremans (2012) decision-making model with another box for follow-up will 
connect the two gaps: the energy efficiency gap and the energy performance gap.  

 
There are requirements for energy usage in new buildings in BBR (Boverket, 
2019) which make them to a special case according to the model in Figure 7. 
The legal requirements must be met even if they are not profitable economi-
cally, but the model can be used to find the most profitable way to meet the 
requirements and show profitability for stricter requirements. Follow-up cre-
ates long-term experience that helps to reduce both energy efficiency and en-
ergy performance gaps. Also, achieving resilient buildings that can handle 
changes in both external and internal environments is important for energy ef-
ficiency in the long term. 

The future is not known until it has happened. Assumptions are necessary 
to be able to build, but one needs to remember that they are just assumptions 
and not reality. Criteria for follow-up on energy usage in BBR are related to 
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the temperate area Atemp and the building’s property energy, Ef, which is related 
to the building’s needs. However, internal loads from occupants, household 
and activity energy have an impact on the result. Follow up criteria and meth-
ods that examine the performance of the building with well-known loads would 
therefore be useful (Steen Englund et al., 2020). 
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Conclusion  

One way to increase the share of renewable energy according to the seventh 
global goal is to combine use of photovoltaic solar panels (PV) with battery 
storage. One aim of this thesis was therefore to explore barriers, drivers and 
NEBs with battery storage in PV systems. Knowledge about these would help 
to reduce the energy efficiency gap. The four major barriers for investments in 
battery storage in PV systems in agriculture were found to be related to tech-
nical and economic risks, i.e., risk that the performance of the battery storage 
will deteriorate over time, risk of poor performance of the battery storage, un-
certainty regarding investment aid, and the size of the investment. 
Among the drivers for investments in battery storage in PV systems in agricul-
ture it was found that the highest-ranked driver, i.e., to use a larger part of the 
produced electricity oneself, turns out to be the highest priority for grid owners 
seeking to reduce the need for extensive investments in the grid.  

The primary NEBs found were the possibility to become more independent 
of grid electricity. Another important NEB was that the respondents are acting 
for sustainability by investing in these technologies, but it is also perceived as 
important that developed technology for battery storage in fact is an environ-
mentally sound and climate-adapted solution. Yet another NEB found was that 
it is perceived as enjoyable to produce one’s own electricity. 

The methodology used to identify barriers, drivers and NEBs for battery 
storage in PV systems was developed by adapting studies on improved energy 
efficiency in industry to this research field. This method can also be adopted 
in other countries and areas for renewable energy and energy efficiency in 
buildings.  

Awareness concerning usage of energy is another part of the seventh global 
goal for sustainable development. One way to approach this goal is to construct 
energy-efficient buildings, since buildings have a long lifetime and high energy 
usage will have an impact for a long time. Therefore, a method for the building 
process to reduce the energy performance gap has been developed and de-
scribed. The method, called ByggaE, is based on two main processes with ac-
tivities: 

 
• The client’s activity to formulate requirements and ways to verify these 

requirements. 
• The main process for other actors is to identify, handle and follow up 

risks or critical parts. This involves all parts.  

To support the two main processes there are activities such as proposed meet-
ings with support agendas, checklists, etc. Documents that support the activi-
ties can be found and stored in the energy documentation, a digital map struc-
ture.  

By adding follow-up to the investment decision-making model by Coore-
mans (2012), an overall relation between the energy efficiency gap and the 
energy performance gap has been identified. Realistic assumptions and follow-
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up related to the assumptions are found to be important to reduce both the en-
ergy efficiency gap and the energy performance gap. 
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Future work  

In this thesis energy efficiency for buildings has been explored for the building 
process and for investments in storage for renewable energy in existing build-
ings. The perspectives of both how to make more energy-efficient investments 
possible by closing the energy efficiency gap and how to reach energy-efficient 
buildings in practice by closing the energy performance gap have been used. 
The energy usage in buildings occurs during usage and follow-up is pointed 
out as a way forward to reduce the energy performance gap and a connection 
between the energy efficiency and energy performance gaps. Future work will 
therefore focus on the operation of the buildings. Which parameters and meas-
urements are valuable for follow-up? Barriers and drivers for long-term energy 
efficiency in buildings will also be studied, related to both technical and oper-
ative performance. For operative performance, the role of energy management 
in facility management and operation will be explored.  
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Abstract: Battery storage has been highlighted as one way to increase the share of renewables in
energy systems. The use of local battery storage is also beneficial when reducing power variations in
the grid, thereby contributing to more robust and cost-effective energy systems. The purpose of this
paper is to investigate barriers, drivers and non-energy benefits (NEB) for investments in battery
storage in photovoltaic systems (PV) in the context of farmers with PV systems in Sweden. The study
is based on a questionnaire about barriers, driving forces and NEB for investment in battery storage
connected to PV. The questionnaire was sent to farmers in Sweden who already have photovoltaics
installed and about 100 persons answered, a response rate of 59%. The major barriers found are
related to the technical and economic risks of investing in battery storage. One of the main conclusions
is that the highest-ranked driver, i.e., to use a larger part of the produced electricity oneself, turns out
to be the highest priority for the grid-owner seeking to reduce the need for extensive investments in
the grid. The primary NEBs found were the possibility of becoming independent from grid electricity.

Keywords: barriers; drivers; photovoltaics (PV), agriculture; energy efficiency; battery storage;
renewable energy

1. Introduction

In 2015 the United Nations set 17 global goals for sustainable development. To reduce the
unsustainable impact of fossil fuels, target 7.2 states that the global share of renewable energy must
increase, as part of the seventh goal of clean and affordable energy [1]. The United Nations further states
that the unsustainable impact of reliance on fossil fuels must be changed into renewable production
and awareness concerning usage of energy [1]. One way to approach this target is to increase the
use of photovoltaic solar panels (PV). The installed PV capacity and energy produced by PV systems
is still a minor share of the total global electricity production but is rapidly increasing. In 2015, 1%
of the global power production came from PV systems [2], and in 2016 it had increased to 1.3% [3].
In Sweden the total share of installed electricity production capacity from PV systems has increased
from 0.5% in 2016 to 0.7% in 2017.

However, challenges associated with PV power production include solar energy being an
intermittent source of electricity, causing considerable variations in power supply. Annual average
global horizontal radiation in the world varies between 800–2800 kWh/m2/year. The variation in
Sweden from north to south is between about 880 to 1050 [4], which is not so far from the data for
north and central Europe, where it can reach up to 1200 kWh/m2/year [5].

Additionally, periods of high PV production often do not coincide with periods of high electricity
demand, especially in the Nordic countries. This in turn may affect the power grid in terms of
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overvoltage, limiting the hosting capacity, particularly in weak low-voltage grids in the countryside.
At the same time, agriculture has a seemingly high potential for PV power generation due to different
options to install PV on land or farm buildings. The theoretical annual PV potential in Sweden has been
estimated to amount to about 162 TWh, including both roof-mounted and ground-mounted PV [6,7].
The potential is, however, substantially limited by the capacity of the power grid, as well as by current
Swedish legislation and economic conditions. Extensive expansion of PV in the countryside could
result in voltage rise and overload in the electricity grid, and thereby a demand for reinforcements of
the power grid to increase the hosting capacity [7]. An alternative to costly grid reinforcements is to
increase self-consumption of the locally generated PV power. However, it has been shown by Norberg
et al. [6] that few energy-consuming activities are flexible in time in agriculture, in particular when it
comes to ensuring animal welfare.

An alternative to demand response flexibility would be to store the PV power locally. A short-term
energy storage system would thereby increase the self-consumption, contribute to peak shaving in
the power exchange with the grid, and stabilize the local low-voltage grid [8]. There are different
opportunities for storing solar power over time, such as pump storage, hydrogen, and battery storage.
This study focuses on battery storage. Battery energy storage has the possibility to reduce the variation
in access to electricity due to a lack of solar radiation. To make solar power available during the night,
there is the need for energy storage. For short-term storage, e.g., 24 h, battery storage is an upcoming
technology [9–11]. The development of battery storage technology was described thoroughly by
Akinyele et al. [12], including prices for different types of battery storage at the time of the paper.
The Swedish governmental energy commission states that increased storage capacity in the power grid
is a prerequisite for enabling considerable expansion of PV power generation from 0.1 to 20 TWh [13].
Still, the development of battery storage is driven not only by the implementation of PV in the world,
but even more so by the target of fossil-free transportation, e.g., electric cars and vehicles.

The use of local battery storage is also beneficial for the Transmission System Operator (TSO),
since batteries will reduce the power variations in the grid and thereby contribute to a more robust
and cost-effective energy system. This in turn will increase the hosting capacity without costly grid
reinforcements [14,15]. Additionally, by increasing self-consumption, grid losses can be reduced
for customers located in low-voltage grids in the countryside due to the reduced need for power
transmission [15–19].

From a global perspective, reliable battery technology is crucial to achieving sustainability target
7.1, which requires universal access to modern energy [20]. Thus, PV also provides the possibility
of supplying electricity in countries with unstable power grids, while battery storage increases the
stability of the energy system even more and also makes energy accessible during the night. However,
at the same time, battery storage may harm the environment and have negative environmental
consequences [21].

Battery storage has not yet reached economic profitability, but rapidly falling market prices
are expected to change the conditions for batteries [22–24]. When a product becomes economically
profitable, it becomes increasingly important to understand the target group, its values and benefits to
develop and design technical solutions, services and business models.

In Australia the implementation of PV and battery storage is progressing faster than in other
parts of the world [9]. High electricity network prices, policy regulations and favorable access to solar
radiation are supporting interacting factors for the transition. Moreover, in a recent European study [5],
it was shown that investments in battery storage in Spain and Germany can be profitable due to high
electricity prices.

In Sweden, a political intention is to support technology by regulatory and economic conditions
to enable short-term storage in the grid. The Government supports development, inter alia, through
investment support for grid-connected batteries with the aim of increasing the use of locally produced
electricity [25]. Therefore, there is a set of policy support systems targeting different actors.
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In 2018, when this study was performed, there was state financial support for investments in
PV systems including storage for private persons, municipalities and companies [26]. There was
also specific economic support for battery storage in private homes connected to local production of
renewable power [27]. It is common practice that agricultural properties in Sweden have buildings
intended for business, e.g., agriculture, and at least one private residence. Investment support, as
well as taxes related to energy production and consumption, differ depending on in which of these
buildings the PV systems are installed. [28].

An economic question connected to PV and battery storage is whether self-consumption is
profitable compared to selling surplus. The electricity price per kWh in Sweden consists of a fee to the
electricity company, a fee to the electricity network company, energy tax and VAT. Power from the PV
system that is sold can be paid for by the electricity company. Net debit for local energy production is
not applied in Sweden. Instead there is a tax reduction on the incomes from the energy production up
to a certain level, depending on the amount of electricity purchased from the grid.

For renewable energy production, electric certificates can be obtained and sold on a market to
producers who must reach a certain level of renewable energy in their production [29]. This provides
extra income per sold kilowatt-hour, even for self-consumption if one installs an electric certificate
meter. To overcome the investment cost for the electric meter, self-consumption has to be relatively high.

All users of electric power have to pay energy tax in Sweden. For some companies, farmers
included, there could be a reduction or repayment of the energy tax [28]. Apart from actual cost
savings, research has shown that several other additional benefits may such as increased productivity,
reduced maintenance, etc. [30].

The aim of this paper is to investigate barriers, drivers and non energy benefits (NEB) investment
in battery storage in photovoltaic systems (PV) for end-users or prosumers in the context of farmers
with PV systems in Sweden. The study presented is based on the following research questions:

• What are the major barriers to battery storage investment in PV systems?
• What are the major drivers to battery storage investment in PV systems?
• What are the major non-energy benefits (NEBs) of battery storage investment in PV systems?

It should be noted that the use of the term non-energy benefits, derived from the energy efficiency
literature, in this case is applied to battery storage in PV systems. The paper is unique since, to the authors’
knowledge, no previous study on barriers, drivers, and non-energy benefits has been undertaken
regarding battery storage of PV systems among Swedish farmers or farmers in other countries.

2. Theory, Methods and Data

To identify the driving forces, barriers and benefits of installing battery storage among Swedish
farmers, a questionnaire [31] was designed (Appendix A). The content of the questions was based on
barrier theory [32], and was also inspired by Brudermann et al. [33], focusing mainly on factors that
can affect whether battery technology becomes an attractive investment or not for a farmer. The focus
of the survey was on battery storage, the reasons for installing solar power in terms of PV systems, and
attitudes to sustainability.

The study was limited to farmers who had already installed solar power plants, and thus provides
an end-user prosumer perspective on battery storage in PV systems. Notably, the perspective of
grid-owners and their perspectives on battery storage and PV are not within the scope of this paper.
Most barriers and driver studies are related to current technologies that are perceived to be cost-effective.
Battery storage is still in an early phase in terms of market adoption. We have therefore extended the
system boundary and assumed that the technology will be cost-effective in the future. Furthermore,
we have chosen to include several questions related to the current policy mix, in order to draw
conclusions regarding potential policy implications of our paper. The questions were in the form of
multiple-choice questions, estimates and free text responses.
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To get in touch with farmers within the target group, four different lists of postal addresses were
used: one list of farmers who had shown interest in participating as a demonstration of farming
for a feasibility study, a list of members of the farmers’ federal union who purchased PV system
solution offers, and two address lists of farmers who received government investment support for PV
installations in two different Swedish counties, one in the north, and one in the south of Sweden.

The questionnaire was sent out in paper format along with a cover letter that also contained a web
link to enable the recipients to respond electronically. Telephone interviews were also carried out with
fourteen of the farmers in the final address list in order to open up for further comments on the topics.
The interviews were based on the same (form as the) questionnaire and the answers were entered in the
same way as the questionnaire responses. The purpose of the interviews was to provide scope for an
extended reasoning about the issues, which is difficult to capture in questionnaires. All responses were
entered into the computer tool SurveyMonkey for data processing. Both qualitative and quantitative
data were considered in the compilation of the results.

The data collection was carried out in the summer of 2018. In total, 192 farmers were contacted to
answer the questions, of which 14 telephone interviews were conducted and a questionnaire was sent
out to 178. Out of the 178 questionnaires, 99 replies were received, of which 88 were in paper format
and 11 were submitted via the web link that was sent with the paper questionnaire. Thus, the final
proportion of respondents amounted to 59 percent. All answers, both from the questionnaire and the
telephone interviews, are included in the results presented in this paper. The results were normalized
on a scale ranging from zero to one.

The study was inspired by the energy efficiency gap and studies on barriers to and drivers
for energy efficiency [7]. Barrier theory [32,34] tries to describe the difference between potential
cost-effective energy efficiency measures and measures that are implemented. Barriers are related to
the economy, organization and behavior. This method has previously been used in studies in industry
in Sweden [35] and in Europe [32]. The barriers were categorized into risk, access to capital, hidden
costs, and imperfect information, while the drivers were categorized into financial, environmental and
other driving forces, see Table 1.

Table 1. Categorization of barriers [34].

Type of Barrier. Barrier

Market failure/ market imperfection Imperfect information
Adverse selection

Principal Agent relationship
Split Incentives

Non-market failures Hidden costs
Access to capital

Risk
Heterogeneity

Behavioral Credibility and trust
Bounded rationality

Values
Organizational Power

Culture

It should be noted that the term ‘energy efficiency gap’ is connected in this case to battery storage
in PV systems, while in principle it is more related to renewable energy sources (RES). The study
carried out a literature review inspired by Yin [36]. In the literature study, the search terms “battery
storage”, “photovoltaics” and “barriers” were used, leading to five papers being found in the Web of
Science database. From these five papers, only one was considered to be relevant for this paper [37].
Furthermore, using the search terms “battery storage”, “photovoltaics” and “driver” resulted in six
papers being found in the Web of Science database. From these six papers, only two were considered to
be relevant for this paper [14,38]. Furthermore, using the search terms “battery storage”, “photovoltaics”
and “agriculture” only led to one paper being found in the Web of Science database [39].
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When changing to using the search terms “battery storage”, “photovoltaics” and “farm”, seven
papers were found in the Web of Science database, of which two were considered useful [40,41].

Finally, when using the search terms “battery stock” and “photovoltaics”, six papers were found,
among which three were initially selected [9,42,43].

The part concerning NEBs (Non-Energy Benefits) in this study was inspired by Nehler [30].
Notably, there could also be several drawbacks, such as noise from the battery cooling, increased
maintenance cost (for batteries) and also increased waste when battery lifetime is reached. However,
these were not included in the actual study, because they may vary depending on the specific battery
technology, such as potential noise from battery cooling, increased maintenance cost (for batteries) and
increased waste when battery lifetime is reached.

3. Results and Analysis

This section shows the weighted results of the interviews and surveys. First, the respondents’
general energy and environmental interest are described, then the barriers, and lastly the driving forces
for Swedish farmers with PV to invest in battery storage.

The respondent group as a whole is aware of energy and environmental issues. Above all, energy
and environmental issues are seen as a social issue where politicians have a great responsibility.
However, they think that companies and individuals also have a responsibility and that they, in their
own company, take a little more responsibility compared to what one requires of others.

As is also noted by Rogers [44], many see themselves as early adopters when it comes to energy
and environmental issues. For example, one farmer stated that:

“We are probably the only grain-oriented company in Sweden that is climate-positive”.
Of those who answered the questionnaire, 38% have some form of labeling with eco-requirements

(KRAV, Swedish seal, etc.) for their agricultural production.
In one part of the questionnaire, an array of general energy-related questions related to PV and

battery storage were asked regarding the respondents’ perception of this system solution in general,
as well as farm electricity production. The results of these general questions are shown in Figure 1.
Questions related to some of the barriers in Table 1 are also included in Figure 1 and will be discussed
later on in the paper.
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technology.

Other investments, which are not energy-related,
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The rules for using electricity produced in private
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Figure 1. Some general energy-related questions regarding modern agriculture. The x-axis is graded
from “takes full distance” (0) to “fully agree” (1) with the statement.
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3.1. Barriers to Battery Storage Investment in PV Systems

The results from the questionnaire regarding barriers are presented in Figure 2. Each type of risk
is discussed separately below and is related to the barriers in Table 1
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3.1.1. Risk

Notably, the four major barriers to battery storage in PV systems in modern agriculture are related
to technical and financial risks, i.e., “The risk that the performance of the battery storage will deteriorate over
time, Risk of poor performance of the battery storage, Uncertainty regarding investment aid, and The size of the
investment”.
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This is most likely due to the fact that the technology is still in its early phase of adoption, and
also that the respondents are not so willing to take on their own risk in relation to these specific types
of investment.

Mid-ranked among the risk-related barriers were “Risk of production disruptions and interruptions,
etc. Barriers of lower importance included Lack of confidence in technology in general, and Uncertainties about
the future for the farm”. One of these last two barriers is notably related to the fact that the respondents
have great confidence in technology in general but perceive the specific technology as uncertain.
Furthermore, the last barrier regarding uncertainty of farm survival shows that this is not a large
barrier for PV and battery investments. Rather, the fact that some of these farmers have shut down
normal farm activities, they still see PV investments as a possibility to continue to have a positive
revenue stream from the farm after the shutdown of common farm activities. An elderly retired farmer
says that he “lives on one of the agricultural properties. Owns only the dwelling but has access rights to the
solar panel until my death”.

Investing by using own or borrowed capital is seen as a risk, which may be due to the uncertainty
surrounding function and performance. Therefore, investment support is preferred, but requires
long-term regulations to dare to invest in the technology. With better reliability and function of battery
storage, especially regarding uninterruptible power supply (UPS), it is possible that the desire to invest
in equity would increase.

3.1.2. Lack of Access to Capital

One barrier related to Lack of access to capital was found to be ranked low. Relating this to the
other responses shown under the heading risk, it is not the actual lack of capital per se that is the issue,
but rather the size or magnitude of the investment.

3.1.3. Hidden Costs

Two barriers related to hidden costs found were “Complicated administration, e.g., application for
investment aid, and Costs for operation and maintenance”. Notably, the barrier “Complicated administration,
e.g., application for investment aid” was ranked high. This barrier is very closely related to the violation of
the principles of a well-functioning market. In the present case, there is an investment subsidy in place,
i.e., a policy has been put in place to overcome market failures in the first place, but as this subsidy
is perceived to be complicated to apply for, the subsidy itself gives rise to considerable transaction
costs related to the investment. This is not desirable and may even be a violation of a well-functioning
market in itself.

3.1.4. Imperfect Information

Two moderately high-ranked barriers related to imperfect information found were Lack of
“information regarding possibilities with battery storage, and Lack of reliable advice and support on installing
battery storage”. Notably, there seems to be a need for further marketing of the technology and advice,
so that it is perceived as credible.

3.1.5. Values

Questions regarding the environmental friendliness of today’s battery technology exist and are
considered to be important to solve. One respondent states that “One should not talk about solar and
battery storage and then in 5 years say that it was not good. If you have batteries that are a bit ugly, but turn out
to be very ugly, then you have to remove them”.

In the questionnaire, the respondents partly agreed with the statement: “I think battery storage
is an environmentally friendly and sustainable way to use more self-produced electricity”, while they were
neutral or took a partial distance from the “claim I do not feel that battery storage is an environmentally
friendly technology”. There is thus an expectation about the function that battery storage can offer, but it
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is important that the technology be perceived as sustainable from an environmental perspective in
order for the technology to become widespread. Otherwise, values could be major barriers.

3.1.6. Low-Ranked Barriers

As can be seen in Figure 1, farms have authority over their decisions, and do not seem to be in
conflict with other owners (they are single or family owners), and further, they seem to prioritize
energy issues, as this was a low-ranked barrier. It should be noted, however, that none of the farmers
in this study was running the farms on lease. Thus, when generalizing the results from this paper,
the type of ownership is important to take into consideration.

3.2. Drivers to Battery Storage Investment in PV Systems

In another part of the questionnaire, an array of questions related to driving forces in regard to PV
and battery storage was asked. The results regarding drivers are presented in Figure 3.
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Figure 3. Major drivers to battery storage in PV systems, where 0% corresponds to a very low-ranked
driver and 100% to a very high-ranked driver.
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3.2.1. Financial Drivers

The highest ranked driver for installing battery storage in PV systems in the study was “To use
a larger part of the produced electricity oneself”. This also related to the sixth highest ranked driver,
“Increased independency from the power grid”. These drivers are both related to a desire to be more
self-sufficient in terms of energy supply, as well as “Reducing costs”, which is the second-highest ranked
driver. Furthermore, even the third highest-ranked driving force, “Investment support for battery storage”,
is related to finance and reducing investment risk. Also, in fifth place in the ranking, a financial-related
driver, “Reduced electricity grid charge through lowered hedging”, is found.

Other semi-high ranked driving forces related to financial issues were, “Threat of rising energy
prices, Possibility to use the battery storage for backup power on the farm, i.e., electricity supply during longer
blackouts, Possibility to use the battery layer for emergency power on the farm, i.e., automatic short-term
electricity supply of the main functions while waiting for other backup power to be connected”.

3.2.2. Environmental Driving Forces

In fourth place among the highest ranked drivers was “I feel responsible for future generations”.
Notably, even though the other top-ranked drivers are related to financial issues, even environmental
values as a driver seem to be of importance. Also, the seventh ranked driver, “Supporting the development
of technology”, is related to values among the decision-makers. “Environmental profiling of agriculture” as
a driver was ranked as the eleventh most important driver, “The desire to be a role model”, in 12th place.

However, environmental values as a driver are ambiguous, as in other parts of the questionnaire,
and battery storage as an eco-adapted technology was questioned. Two respondents stated that:

“Not to rush the first time when it comes to battery technology, batteries are today an environmental
problem that will avalanche if you do not follow up on recycling”; and

“Will probably install more solar cells, doubtful about batteries ...”.
Notably, this may also be related to whether the respondents are so-called early adopters or not.

3.3. Non-Energy Benefits from Battery Storage Investment in PV Systems

Related to the concept of non-energy benefits (NEBs), the study revealed several such benefits,
as well as drawbacks. The primary NEBs found were the possibility to become more independent of
grid electricity.

Furthermore, another important NEB is that battery storage is in fact an environmentally and
climate-adapted solution, and that the respondents are acting for sustainability by investing in these
technologies. Moreover, it was now also possible to run an electric car, for farmers who own such,
on the electricity from PV as well as from the battery. This was also considered an important NEB.
Furthermore, decades of farming shutdowns among Swedish farmers, as a consequence of increased
competition from outside of Sweden, have led to many of the studied farms now being inactive.
Installation of battery storage and PV is seen as an alternative form of business activity for the farm.

Yet another NEB found was that it is perceived as enjoyable to make one’s own electricity.

4. Conclusions

The aim of this paper was to investigate the barriers, drivers and non-energy benefits (NEB) for
investments in battery storages in photovoltaic systems (PV) in the context farmers in Sweden with
PV systems.

The major barriers to battery storage investments in PV systems were found to be related to
technical and financial risks, i.e.,:

• Risk that the performance of the battery storage will deteriorate over time;
• Risk of poor performance of the battery storage;
• Uncertainty regarding investment aid;
• The size of the investment.
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The major drivers to battery storage investments in PV systems were related to financial, policy
and environmental drivers:

• To use a larger part of the produced electricity by oneself;
• Reducing costs;
• Investment support for battery storage;
• I feel responsible for future generations.

The major non-energy benefits mentioned in battery storage investment in PV systems were the
possibility of being independent of grid electricity, that the installation of battery storage and PV are
seen as an alternative form of business activity when farming is shut down, the possibility to running
an electric car, and that it is perceived as enjoyable to make one’s own electricity.

The reasons for installing energy storage in agriculture with PV systems thus seem to be motivated
by increased self-consumption. At least with the higher implementation of PV in the grid, especially
in the weak low-voltage grids in the countryside, problems such as voltages that are too high on
the grid, etc., will force costly grid reinforcements that could be avoided through the use of battery
storage [9,18,19]. The results of this study show that higher self-consumption is also the highest
ranked driver among the end prosumers for the installation of battery storage in PV systems. Even
if the drivers perceived by prosumers and the needs of the grid coincide, there are barriers of great
importance to a greater degree of implementation that need to be overcome. These are related to
technical and economic risks.

Notably, the driving force concept and the NEB concept were found to partly overlap. For example.
The possibility of using the battery storage for backup power on the farm, i.e., electricity supply during
longer blackouts, and the possibility of using the battery storage for emergency power on the farm,
i.e., automatic short-term electricity supply of the main functions while waiting for another source of
backup power to be connected. In the questionnaire, these were intended to be drivers, but the study
shows that a driver could also be a NEB. We suggest that the concepts of driving forces and NEBs need
to be further explored in future research.

Based on the fact that the annual solar radiation for our studied farmers is similar to the rest of north
and middle Europe’s, our study may have further implications, and our results may be generalizable
to other European countries with similar conditions to those of the studied Swedish farmers.

In the study, it was found that policy implications related to investment support are important for
the implementation of battery storage. Investing by using own or borrowed capital is seen as a risk,
which may be due to the uncertainty surrounding function and performance. Therefore, investment
support is preferred, but requires long-term regulation before people are willing to dare to invest in
the technology. With improved reliability and functionality of battery storage, especially regarding the
reserve back-up power function, it is possible that the desire to invest will equally increase.

In Australia, PV has had a greater breakthrough than in Sweden. The local circumstances, which
include high and even solar radiation, contribute to this. Battery storage also has a higher rate of
implementation, even if the economics of combined PV and battery storage is still marginal. However,
other benefits, like peak shaving and avoided losses can, in combination with a policy of more rapid
adoption, promote a higher degree of implementation in Australia [9].

To enhance deployment of batteries in PV installations, this study found that end-users want to
see policies that reduce the technical risks associated with the technology, as well as for support for
battery storage. Such policies could range from direct investment subsidies to demonstration plants
and information campaigns regarding the technical performance of battery storage.

Apart from the unique results of barriers, drivers and NEBs, this paper has made a methodological
contribution in which the developed methodology could be adopted and further developed in studies
in other countries. This methodological contribution was enabled by adapting studies on improved
energy efficiency in industry to this research field. This interdisciplinary approach shows the utility
of embracing scientific knowledge from beyond the respective research field. This is, of course, not
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always possible, but shows that interdisciplinary research can sometimes speed up the creation of new
scientific knowledge, which in turn may contribute to a faster transition towards a sustainable society.
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Appendix A

Questionnaire: Solar power and battery storage

The questions in this survey are about solar power and battery storage in the Swedish agriculture.
Your answers are very valuable for us to understand what barriers and driving forces there are to
invest in a battery storage to a photovoltaic system. The survey is conducted by RISE within a research
study, see also the attached letter. The questions are answered with a cross (X) unless otherwise stated.
The questionnaire takes about 15–20 min to answer and can also be answered at web-link.

Background questions

1. Do you own a farm? � Yes, I am the only owner � Yes, I own a part � No
2. Do you live on a farm? � Yes, I live on the farm that I own � Yes, I am leasing the farm �No �

Other [Comment]
3. Is there a PV plant on your farm? � Yes, I have invested within the farming company � Yes, I have

invested for private use, not within the farming � No � No, but we are planning to invest in PV

If the answer is Yes on question 1 and/or 2 and 3 you belong to the target group for this survey.
Please answer the rest of the questions. If you do not belong to the target group, we are grateful if you
send the questionnaire back in the enclosed reply envelope.

Your farm

4. Is agricultural activity carried out on the farm property that you own and/or live on? � Yes,
as main economic activity � Yes, as a secondary occupation � No

5. What type of business do you conduct in your business? (You can set multiple options.)

�Milk production � Goats/Sheep � Feed production
� Poultry Production � Production Garden � Grain production
� Pig production � Processing food � Contract operations
� Nut production � Forestry � Energy
� Horses � Crop production � Tourism
� Other, namely . . . [COMMENT FIELDS]

6. How many employees are in the agricultural company (including yourself)? [ . . . . . . .] persons
7. What is the turnover of your agricultural company? � Less than250,000 SEK � 250,000–500,000

SEK � 500,000–1 miljon SEK � 1–2 miljoner SEK � 2–5 miljoner SEK � 5–10 miljoner SEK � över
10 miljoner SEK

8. Does agriculture have any type of ecolabelling (KRAV, Swedish Sealetc.) � Yes � No Please
comment [COMMENT FIELDS]
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Your PV-plant

9. What year was the farm photovoltaic plant in operation? [COMMENT FIELDS]
10. Roughly how large the plant is? [ . . . ] m2 and/or [ . . . ] kW [ . . . ] � Do not know
11. In what main direction is the plant located?� East � Southeast � South � Southwest �West
12. How much electricity does your plant generate in relation to electricity consumption on an annual

basis? Disregard that the plant occasionally produces a surplus. � It generates significantly less
electricity than the total consumption� It generates roughly the same amount of electricity as
the total consumption� It generates significantly more electricity than the total consumption
� Other, namely

13. What motivated your farm to acquire a photovoltaic plant? [COMMENT FIELDS]
14. Did you experience any difficulties linked to the construction of the photovoltaic plant?

[COMMENT FIELDS]
15. Do you consider that the photovoltaic plant is a profitable investment? � Yes � No � Partly
16. Please comment on profitability calculations[COMMENT FIELDS]
17. What is an acceptable depreciation period for an investment in renewable energy production for

your agricultural company? [COMMENT BOX] Year
18. Is the acceptable depreciation period different to other types of investment? � Yes � NO
19. Please comment in what way [COMMENT FIELDS]

Driving forces to invest in a battery storage to the photovoltaic system on your farm

A battery storage can store electricity for short periods of time, such as day to night or between
days. This means that self-produced solar electricity can be used throughout the day and that the
battery storage can reduce the power to the mains. At present, battery storages are relatively costly, but
the development of technology is fast, which can make battery storages profitable in the future. Let’s
say that battery storage is already a profitable investment. What would make you invest in a battery
storage to the photovoltaic system on your farm?

Type of Driving Force Un-Important
Less

Important
Neither or Important

Very
Important

Do not
Know

19 Investment support for battery storage. � � � � � �

20
I know someone else who has installed battery

storage
� � � � � �

21
Party financing arrangements/leasing

agreement
� � � � � �

22 Reduced energy costs. � � � � � �

23
Reduced electricity grid charge through

lowered hedging.
� � � � � �

24 Threat of rising energy prices. � � � � � �

25
To use a larger part of the produced

electricity oneself.
� � � � � �

26 Increased independency from the power grid. � � � � � �

27
Possibility to use the battery storage for

backup power on the farm, i.e., electricity
supply during longer blackouts.

� � � � � �

28
Possibility to use the battery storage for

emergency power on the farm, ie automatic
short-term electricity supply

� � � � � �

29
I want to support the development

of technology.
� � � � � �

30 I want to be a role model. � � � � � �

31 I feel responsible for future generations. � � � � � �

32 Environmental profiling of agriculture. � � � � � �
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Type of Driving Force Un-Important
Less

Important
Neither or Important

Very
Important

Do not
Know

33
Demand for sustainable production from

customers and suppliers.
� � � � � �

34
I know someone else who has installed

battery storage
� � � � � �

How well do you agree with the following statements about your agricultural company?

Statement
Takes Full
Distance

Takes a Partial
Distance

Neither or
Partly
Agree

Fully
Agree

Do Not
Know

35
My agriculture has a long-term energy

and environmental strategy.
� � � � � �

36
Renewable energy is important in

my agriculture.
� � � � � �

37
I think that battery storage seems to be a

safe investment.
� � � � � �

38
I think battery storage is an interesting

technology solution.
� � � � � �

39

I think battery storage is an
environmentally friendly and
sustainable way to use more

self-produced electricity.

� � � � � �

40
I or someone else in agriculture is

interested in new technology solutions.
� � � � � �

41

Investment in a package solution
combining solar cells and battery

storage is more attractive than two
separate investments.

� � � � � �

Barriers to investing in a battery storage to the photovoltaic system on your farm

What would prevent you from investing in battery storage to the photovoltaic plant on your farm?

Type of Barrier Un-Important
Less

Importantt
Neither or Important

Very
Important

Do Not
Know

42 Lack of capital � � � � � �

43 The size of the investment. � � � � � �

44
Poor profitability due to the low

energy tax on agriculture.
� � � � � �

45 Costs for operation and maintenance. � � � � � �

46
Lack of time causes others to go ahead

in prioritization.
� � � � � �

47 Uncertainty regarding investment aid.. � � � � � �

48
Complicated administration, e.g.,
Application for investment aid.

� � � � � �

49
Lack of confidence in technology

in general
� � � � � �

50
Lack of confidence in technology

for batteries
� � � � � �

51
Lack of technical knowledge of

battery technology.
� � � � � �

52
Risk of poor performance of the

battery storage
� � � � � �

53
Risk that the performance of the
battery storage will deteriorate

over time.
� � � � � �
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Type of Barrier Un-Important
Less

Importantt
Neither or Important

Very
Important

Do Not
Know

54
Risk of production disruptions and

interruptions, etc
� � � � � �

55
Lack of space for installation of the

battery indoors
� � � � � �

56
Uncertanities aboute the future for

the farm
� � � � � �

57
Risk of production disruptions and

interruptions, etc.
� � � � � �

58
Lack of reliable advice and support on

installing battery stock.
� � � � � �

How well do you agree with the following statements about your agricultural company?

Statement
Takes Full
Distance

Takes a Partial
Distance

Neither or
Partly
Agree

Fully
Agree

Vet ej

59
Other investments, which are not
energy-related, are higher priority.

� � � � � �

60
Different owners of the property and the farm
company mean that I am not allowed to share

in the profit when reduced energy costs.
� � � � � �

61
Energy issues are not the priority of the

agricultural company.
� � � � � �

62
We do not agree on how to prioritise energy

issues within the agricultural company.
� � � � � �

63
The rules for the use of electricity produced in

the farm in the private dwelling are
complicated.

� � � � � �

64
I don’t think that battery storage is an

eco-friendly technology.
� � � � � �

Information about battery storage and PV

65. Did you know the ability to install battery storage earlier? [Yes] [No]
66. If yes, where did you get information about battery storage? Please comment how useful the

information has been. [COMMENT FIELDS]
67. Where did you get information about solar electricity for the installation of the farm’s photovoltaic

plant? Please comment how useful the information was for your decision to install solar electricity.
[COMMENT FIELDS]

Energy and sustainability issues

How important do you think energy and sustainability are? Please answer the questions below.

Statement Not at all Some Neither or Very
Very

Much
Do Not
Know

68
How prioritized do you think energy and sustainability

issues should be in society?
� � � � � �

69
How much responsibility do you think politicians have

for energy and sustainability issues?
� � � � � �

70
How much responsibility do you think companies have

for energy and sustainability issues.
� � � � � �

71
How much responsibility do you think individuals

have for energy and sustainability issues.
� � � � � �

72
How much responsibility do you think agricultural

companies generally have for energy and
sustainability issues?

� � � � � �
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Statement Not at all Some Neither or Very
Very

Much
Do Not
Know

73
How much responsibility do you think your own

company is taking for energy and sustainability issues?
� � � � � �

74
How interested is your agricultural company investing

in renewable energies?
� � � � � �

Based on the above, please comment on the following in a few words:

75. How do you think and act on energy and sustainability issues in your agricultural company?
[COMMENT FIELDS]

76. Besides a technical conversion, what do you think is required for sustainable development?
[COMMENT FIELDS]

77. How do you think different actors (e.g., politicians, companies, individuals) should act on energy
and sustainability issues? [COMMENT FIELDS]

Concluding questions

About You who have responded to the questionnaire

78. Born year [COMMENT FIELDS]
79. Gender �Woman �Man � Other

The information you provide in this questionnaire will only be used within RISE research and the
results for individual farms will never be disclosed to another party. The results will only be presented
at group level, including in a report to the Swedish Energy Agency. Once we have received your
questionnaire and checked it out in our mailing list, all links between survey responses and individual
farming will be erased.

80. Do you approve that RISE saves the information you give us in this survey as described above?
� Yes � No

81. Do you have anything further to add regarding barriers and driving forces for investments in
solar electricity and/or battery storage? [COMMENT FIELDS]

Many thanks for your participation!
Please use the enclosed reply envelope to send your answers to us. Postage is paid by the recipient

(RISE Research Institutes of Sweden).

Contact

If you have any questions about the study or survey, please contact NAME, PHONE, E-MAIL
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ABSTRACT
Policies for energy efficiency requirements in buildings have become more stringent according to 
EU2020 goals. Despite policy regulations, requirements for energy efficiency are not met in many new 
buildings. Some of the reasons for this energy performance gap are related to the building process. The 
aim with this paper is to describe a purposed method for quality assurance of sustainable buildings 
according to energy efficiency. The proposed method is called ByggaE, where ‘Bygga’ is the Swedish 
word for ‘build’ and E is the first letter in ‘energy efficient’. It is a tool intended to lower the energy 
performance gap related to the building process by guiding the client and providers through the process 
to fulfill goals. The essence of ByggaE is the formulation of requirements by the client and the working 
process of identifying, handling and following up critical constructions and key issues. This working 
process involves all participants in the building project by using appropriate quality guidelines and 
checklists for documentation, communication and verification. ByggaE is a step forward ensuring that 
the building fulfills the defined functions and that conscious decisions are taken when goals have to 
be changed during the building project. The next steps are to ensure the usefulness of the method in 
practice by more testing and to spread knowledge about the method.
Keywords: energy efficient buildings, quality assurance, building process, energy performance gap

1 INTRODUCTION
By 2020, the global demand for energy will almost double and the demand for electricity 
almost triple compared to 1990 [1]. The built environment accounts for close to 40% of the 
annual energy use and 36% of CO2 emissions in Europe, where a considerable large fraction 
is due to achieving desirable indoor climate in buildings [2, 3].

Policies for energy efficiency requirements in buildings have become more stringent since 
the European Union issued the 20-20-20 target with the goals to have a reduction in CO2 
emissions by 20% compared to 1990 levels, 20% increase in energy efficiency, and 20% of 
the energy coming from renewables [4]. The goals have been increased in the EU2030 goals 
to meet the EU’s long-term 2050 greenhouse gas reductions target (European Council [5]).

The targets for 2030 are a 40% reduction in greenhouse gas emissions compared to 1990 
levels, at least a 27% share of renewable energy consumption, and at least 27% energy sav-
ings compared with the business-as-usual scenario. Today several green building programs 
and certification systems such as LEED and BREEM have been established, aiming for more 
energy-efficient and environmentally sound building designs.

In EU, two main pieces of legislation have been issued to reduce the energy consumption 
and environmental impact generated by the building sector, the Energy Performance of 
Buildings Directive (EPBD) [3] and the Energy Efficiency Directive (EED) [6].

Through these directives, EU aims to achieve Nearly Zero-Energy Building (nZEB) for all 
new buildings by 2021 in order to accomplish savings in energy demand and CO2 emissions 
reduction. All Member States have to set a national nZEB definition and also stimulate higher 
market uptake of such buildings. In Sweden, definitions for nZEB are in progress and a pro-
posal for new regulations on nZEB for 2021 suggests that delivered energy should be less 
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than 35–80 kWh/m2 for residential buildings and 32–44 kWh/m2 for non-residential build-
ings (Boverket [7]).

Even if there are regulations about the energy usage in buildings, there is a difference 
between predicted and measured energy usage in new buildings. This energy performance 
gap has been shown in several studies, both in Sweden and in other European countries 
[8–11]. Baseline in these studies is a calculation of energy usage for the building performed 
during the design of the building or at the start of construction. When there is a policy regu-
lation, the baseline is correlated to the policy. There are many reasons for the energy 
performance gap. There are differences in how the building is used and the data used in the 
energy calculation. To handle this, SVEBY [12] has developed guidelines according to user 
input and models for correcting measurements according to usage. They also have formed a 
juridical agreement that can be used to follow up energy usage in new buildings (Sveby [13]).

There are also many other reasons for the energy performance gap (De Wilde [8], William-
son [14]). Some of them are related to quality in the different stages in the building process.

The aim of this article is to describe ByggaE, a newly developed quality assurance method 
for energy efficient buildings. ‘Bygga’ is the Swedish word for ‘build’ and E is the first letter 
in ‘energy efficient’. The method aims to reduce the gap between predicted and actual energy 
use for buildings.

2 DESCRIPTION OF BYGGAE METHODOLOGY
ByggaE is a quality assurance method for the building process which aims to reduce the 
energy performance gap (De Wilde [8]). The methodology is based on (Mjörnell, Arfvidsson 
[15]) a methodology for moisture management in the building process, in Swedish called 
ByggaF. The purpose of ByggaF is to help all those involved to work with moisture safety 
activities and document them in a structured way. ByggaF was developed in 2008 (Mjörnell, 
Arfvidsson [16]) and became an industry standard [17] in 2013. In 2010, a method for air-
tightness in buildings (Sikander [18]) was developed based on the same methodology. The 
method is called ByggaL in Swedish. Handling airtightness is important for moisture safety 
and energy efficiency in buildings. When the development of ByggaE began (Gustavsson, 
Ruud [19]), the same kind of activities and documentation were a starting point but with 
focus on energy efficiency for the building. The similarities between moisture safety and 
energy efficiency in buildings were supposed to be related to quality in the building process.

The method in ByggaE is a support for clients, architects, design engineers, contractors 
and operators from the beginning of a building project to the operation stage of the building. 
In Fig. 1, the conceptual outline of ByggaE is presented. The different stages in the building 
process are presented on the horizontal axis and the different parties involved along the 
vertical axis.

The first box, in the upper left corner, starts with the formulation of the building client’s 
requirements. Technical requirements and activities for handling and follow up of critical 
parts are formulated in a document called ‘Description of energy efficiency requirements’. To 
help the client, there is a checklist to support formulation of energy efficiency requirements. 
The document should be a part of the contract with consultants and entrepreneurs. It is also 
recommended for the client to have support from an energy coordinator in the project and to 
involve that person in the formulation of energy efficiency requirements. In ByggaE, the 
energy coordinator represents the client.

A central part of ByggaE is to work with critical parts and issues. This process is described 
in Fig. 2. A critical part or issue in ByggaE is defined as anything that will affect the future 
energy use for the building. These critical parts could for example be a construction that 
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Figure 1: The conceptual outline of ByggaE.

Figure 2: Activities and documents connected to the process in ByggaE with Identify – 
Handle – Follow up critical parts.
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results in a thermal bridge. It could also be overestimated energy calculation or lack of coor-
dination between installations. To find the critical parts for the specific building project, 
ByggaE uses checklists, routines and activities as support.

Coordination meetings with focus on energy efficiency are an activity where the interac-
tion between different parts and constructions of the building is in focus. These meetings give 
an opportunity to identify critical aspects and handle them.

In the design, each discipline uses a checklist to identify, handle and make activities for 
follow up of critical parts in their own aspect of construction later on in the building 
process.

An example of a checklist for building construction is shown in 
Figure 3. The example shows how (A) the architect takes into account the check point 

‘windshield, risk of blowing in insulation’. This is to help identify a critical aspect, risk of 
blowing in the insulation. (B) The check point is documented and handled by a detail on a 
drawing, referred to as K202:03. (C) There is an action in the construction phase to follow up 
the quality by preparation and inspection.

3 CASE STUDIES
Recently, ByggaE has been tested in three building projects which were done by the same 
property manager in southern Sweden. A compilation of the test sites can be seen in Table 1. 
All buildings were schools or preschools. ByggaE was introduced in different phases of the 
building projects. In all projects, ByggaE was introduced by a researcher at an ordinary project 

Figure 3: Example of completed checklist for building construction in the design stage.

Table 1: Compilation of test sites for ByggaE.

Site A Site B Site C

Type of building Part of school 
building

School building Preschool

Type of Project Renovation New building near 
old one

New Buildings

Phase for implementa-
tion of ByggaE

Design Construction Design

ByggaE Documentation By e-mail Papers at site in 
binders

Web documentation
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meeting in the beginning of the implementation. Site A was a renovation project with energy 
savings in focus and the other projects were new buildings. The property manager had their 
own energy coordinator who was to prepare the documents for the specific project and follow 
up the use of them. The documentation was handed out in different ways according to how 
other documentation in the project was handled.

For analysis of the implementation of ByggaE, copies of the documentation used were 
collected. Interviews were performed with participants in the building projects with a 
semi-structured interview guide. The answers were briefly notated during the interview. 
These data were analyzed according to finding improvements from ByggaE.

Documents related to ByggaE were not used to the extent that was expected, but despite 
that, useful conclusions could be drawn. There needs to be a better introduction to the method. 
Some participants understood parts of the method during the interview, instead of at the 
beginning of the project. There needs to be more support during the project to implement the 
method and the method has to be easy to understand. The energy inspections during construc-
tion resulted in better performance of insulation. And there were discussions related to energy 
performance during design between different consultants, which would not probably have 
taken place without the method, which resulted in more energy efficient performance of the 
building.

4 DISCUSSION
According to EPBD [3], there is a need for more energy-efficient buildings. As a conse-
quence, policy regulations for energy efficiency in new buildings are becoming more stringent 
(Boverket [7]). This would increase the need for support to reach energy efficiency in build-
ings. As mentioned above, there is still an energy performance gap (De Wilde [8]) between 
predicted and measured energy usage in new buildings. In this study, a methodology for 
reaching energy efficiency goals for buildings, called ByggaE, has been developed and tested 
in some building projects. The case studies showed that implementation of a new methodol-
ogy met resistance in practice. Is this a sign that the methodology is unnecessary? Probably 
not, as there still is a problem in reaching energy efficiency goals for new buildings. The 
methodology needs some improvements to be easier to use. In addition, a better introduction 
to the method is needed. Work with improvements and introductory material is ongoing. 
There also has to be someone in the project who puts energy efficiency on the agenda and 
follows up. In ByggaE that person is meant to be the energy coordinator and the material in 
ByggaE is supposed to support that task.

But there are still some problems left, which are not connected to the methodology. There 
is lack of government control after the building is completed. In Sweden, an energy calcula-
tion may be enough as verification of the energy usage. This leaves the interest of reaching 
energy efficiency in buildings to the developer and landlord of the building, which probably 
will vary. Since energy-efficient buildings are a requirement connected to policy regulation 
there should be follow-up connected to the policy to get a better result.

5 CONCLUSION
ByggaE is a step forward ensuring that the building fulfills the defined functions and that 
conscious decisions are taken when goals have to be changed during the building project. 
However, there is a need for development of the method and to work with implementation in 
the future. There is ongoing work to improve ByggaE related to basic parts and material for 
introduction to the method to make a better presentation about how to use it.
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Policy regulations have to be followed up by authorities, if energy efficiency in buildings 
is to become a reality to a large extent.
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