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Abstract

The aim of this thesis is to investigate how to lower the energy use in Campus Varberg. For
this purpose, the thesis utilizes a case study methodology and the European commission’s
Smart Readiness Indicator (SRI) as a tool to see what actions that could and should be taken
in Campus Varberg to increase the score, resulting in a more energy efficient Campus. Results
are indicating that sensors for occupant and daylight detection, and demand side management
(DSM) of the heating, ventilation and air conditioning system (HVAC), and manual override
of DSM are critical to increase energy efficiency and comfort in the building. A solar panel
installation is recommended, and the expected gains are calculated. Unfortunately, the
addition of an energy storage is not reasonable to install, because the expected production is
lower than the current energy consumption, which limits Campus Varberg from proceeding
further as a smart building. Overall, the SRI survey has proven to be a useful tool for
identifying energy-saving opportunities and guiding the implementation of sustainable
solutions in Campus Varberg, Sweden.

Keywords: Smart Readiness Indicator (SRI), system installations, energy efficiency & smart
buildings.
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1. Introduction

1.1 Background

Buildings and properties are one of the biggest energy thieves in society. In the year 2022, the
operational energy demand in non residential buildings accounted for 9 % of the total final
energy consumption. Likewise, the operational energy related co2 emissions, also for non
residential buildings, accounted for 11 % of the global amount (United Nations Environment
Programme., 2022). These values excluded the energy demand and emission releases which
occur during material manufacturing and construction, so one may assume that the actual
values are slightly higher. This makes measures aimed at lowering the operational energy
demands in non residential buildings an important field to study, in order to decrease the
energy demands and connected carbon emissions which arises due to the utilization of
existing buildings. We are making progress to handle these issues, but unfortunately, society
is not advancing quickly enough. The United Nations has therefore called for a decade of
action which began in 2020 and spans to 2030, with the goal of rapidly progressing towards
the 17 different sustainable development goals, or SDGs for short (United Nations, n.d.). Out
of the 17 goals, the ones seen in figure 1, 2 and 3 are most relevant in regards to this
literature.

● Goal nr 7 - Affordable and clean energy

Figure 1. Goal 7, Sustainable Development Goals, (United Nations, 2021a).

SDG goal 7 is "Affordable and Clean Energy", which is associated with ensuring that the
possibility exists for reliable, sustainable but also affordable energy is available to all users.
This is relevant to this thesis because clean and affordable energy is achieved by reducing
greenhouse gas emissions and energy consumption on Campus Varberg, and in this way the
campus property is energy optimized.

● Goal nr 11 - Sustainable Cities and Communities

Figure 2. Goal 11, Sustainable Development Goals, (United Nations, 2021b).

SDG goal 11 is "Sustainable Cities and Communities", which means creating sustainable
urban development where no one is left out and you build to make cities safer for the future.
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Energy optimization for the property Campus Varberg is relevant to this thesis with regard to
the fact that sustainable cities and communities can contribute by reducing the environmental
impact of the property as well as improving the entire energy efficiency.

● Goal nr 12 - Responsible Production and Consumption

Figure 3. Goal 12, Sustainable Development Goals, (United Nations, 2021c).

The last SDG goal relevant to this thesis is goal number 12 which is "Responsible
Consumption and Production", it aims to guarantee sustainable consumption and production
patterns. This goal is relevant for this thesis because energy optimization of a campus
property can promote responsible consumption and production by reducing energy waste and
minimizing Campus Varberg's carbon footprint.

These are the most relevant to this thesis because energy optimization of a campus property
can directly contribute to achieving these goals. Some essential determining factors for
achieving these SDGs goals that are mentioned are promoting sustainable consumption and
production patterns, reducing energy waste and reducing the emissions that consist of
greenhouse gasses.

In the landscape of sustainable urban development the concept of Smart Readiness Indicators
(SRIs) has emerged as a pivotal tool to help assess technological and energy related functions
in buildings. SRI originates from the European Commission’s thanks to its commitment to
advance the energy efficiency and digital integration of buildings. The topic has seen a large
body of research and has thus been explored thoroughly since its inception.

1.2 Campus Varberg & Varberg Fastigheter AB

One such building that is in dire need of refurbishment is a university campus located in
Varberg, Sweden. The occupants have complained about comfort issues such as the facility
being too hot during late spring or summer times, and too cold during the winter months. The
uncomfort felt during spring and summer is primarily related to irradiation in combination
with large window panes on the building facades, according to Magnus Aronsson who works
for the facility owners, Varberg Fastigheter AB. Although Varberg Fastigheter AB shares the
concerns from their occupants regarding comfort, there are additional issues which they wish
to address (Aronsson, 2023). Due to rising energy prices in Sweden, they have asked for ways
to decrease their energy usage. They have prior to this thesis worked with optimizing the
operational hours of their ventilation and lighting system. In addition, they have also begun
cooperating with a company called System Installation, or SI for short. SI installed a building
control system in the facility year 2018, in order to measure and adjust the HVAC systems
operations. However, the building's HVAC system is quite inefficient in regard to its
flexibility, and can therefore not be fully utilized by the control system. In the nondomestic
sector, HVAC systems account for roughly 50 % of the total energy consumption (Korolija I.,

2



2011). It would hence be interesting to study how one can effectively integrate older buildings
with smart building control systems.

1.3 Aim

The aim of this Master’s thesis will be to utilize the European commission’s Smart Readiness
Indicator as a tool to see what actions can and should be taken on Campus Varberg, to
increase the score. The thesis will also investigate if the actions which have the highest impact
on the final SRI scores, can be correlated to the actions which provide the highest energy
savings.
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2. Theory
When discussing energy savings in buildings, the greatest action to take, generally speaking,
is to lower the energy needed to sustain the building operation (Felius, L. C. et al.,2020). New
buildings tend to have sufficient insulation and energy efficient windows, making actions
aimed at lowering the energy demand difficult to achieve. However, older buildings are
strongly incentivised to make refurbishments aimed at lowering their energy demands.
According to Al Dakheel et al. (2020), up to 90 % of the current European buildings are
estimated to be standing until 2050, which gives a strong incentive to upgrade the existing
retrofitting strategies towards Smart Retrofitting. The aim of such action is to first of all reach
the nearly Zero Energy Building (nZEB) target. But also to provide buildings with the
necessary tools needed to be reactive towards external dynamic conditions, such as weather
conditions and flexibility in the electrical grid. To clarify, if a building produces an even
amount of energy for its total consumption, or produces a net gain, it is commonly referred to
as a Nearly Zero Energy Building (nZEB). According to Deng et al. (2014), there are
primarily three different types of energy sources used by these types of buildings, namely,
renewable energy power, on-site generation as well as backup and bulk generation. To get
everything connected, smart reading meters and up-to-date communication between the
system's hardware will also need to be connected to local and national systems. By
transitioning our buildings towards the nZEB standards, it is inevitable that more renewable
energy sources (RES) will be included in the electrical grid and electrical distribution.
However, due to the uncertainty of produced electricity that is often correlated with RES such
as solar cells and wind turbines, in combination with a growing electricity consumption, there
is a need for a certain control mechanism, referred to as a smart grid (Arteconi et al. 2019).
Arguably, the concept of a smart grid is nothing more than a regular grid, with added
flexibility and intelligent decision making capabilities. Groppi et al. (2021) defined grid
flexibility as “the ability of the system to rapidly respond to unpredicted variations”. To sum
up, with the goal of achieving nZEb building and increased flexibility, we should aim to
integrate a smart grid system with innovative and preferably renewable technologies, with
regard to buildings’ energy usage (Deng et al., 2014 & Arteconi et al., 2019).

By taking the concept of nZEB further, we got the concept of so-called smart buildings. A
smart building has according to Al Dakheel et al. (2020) four different features.
1. The building targets the nearly zero energy building standard.
2. The building can respond to external factors and conditions such as the grid and climate

(flexibility).
3. The building responds to the users need, and lastly
4. The building uses a building energy management system to monitor, control and

supervise building operations.

It is clear that flexibility plays an important role both as an aim but also as a necessity in order
to classify buildings as smart buildings. However, older buildings may find it difficult to
implement flexible energy management systems because their HVAC systems are, generally
speaking, not advanced enough to utilize them properly. To tackle this issue, the European
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Commission has introduced what is called the Smart Readiness Indicator (SRI). It is a tool
that aims to measure the smart readiness of buildings, and their ability to optimize their
energy usage while being reactive to the external dynamic conditions, all while taking the
occupants' needs and comfort into consideration (European Commission, 2021).

2.1 The history and current state of knowledge

In the early 2010s, the Smart Readiness Indicator began to take shape and was part of the
European Union's efforts to promote energy efficiency and sustainability in the construction
sector. The goal was to develop and create a concept, or tool, with the ability to assess how
ready a building is for a “smart” conversion, and which smart features were already available
to help the building become more energy efficient. The Directive of the European Parliament
and the Council (2010/31/EU).

Until September 2021, there had been extensive discussions and consultations with various
stakeholders, including the construction and real estate sector, research institutes and political
aspects, to define and design the methodology for the Smart Readiness Indicator. In addition,
several pilot projects and tests had been carried out to evaluate the practical application of
SRI.

One such example is the study done by Horák O & Kabele K (2019), who performed a case
study where they tried to assess four buildings in the Czech Republic, with various levels of
smart services. In the end, they concluded that it was practically impossible to conduct the
study on a building which had two or more heat sources. They also concluded that certain
impact scores, such as well-being, were insufficient, simply because there is a much too small
number of services on which the impact scores were based. As a last note, they also
mentioned how difficult it was for buildings to reach a 100 % score, simply because such
buildings would require incredibly sophisticated intelligent systems, which would most likely
prove to not be very user friendly. However, this also means that their assessed buildings had
a lot of potential to improve on their parameters.

Janhunen, et al. (2019) aimed to provide the first insights of how efficient tool SRI was, when
it was applied to cold climates. In their work, they applied the SRI methodological
framework, as well as the streamlined version of the smart ready service catalog from the
final report of the first SRI technical support study, onto three various buildings located in the
Helsinki metropolitan region in Finland. The buildings were one modern educational
building, a “regular” educational building, and finally a traditional office building. They
thereafter concluded that the base design of SRI was not exactly feasible for cold climate
countries. There needed to be changes in the framework, or the SRI tool would not be able to
act as the equally applicable EU-wide energy efficiency activity tool that it set out to be. They
suggested that in order to improve on the applicability of SRI, the service catalog could be
applied as a baseline and help develop a specific framework designed towards cold climate
countries. They also suggested removing the subjective decisions for certain sections during
the triage process, such as “relevant building services”.

Vigna. I et al. (2020) explained in their study how the SRI progressed with the help of
primarily two technical studies. The first was conducted by a consortium which included
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VITO, Waide Strategic Efficiency, OFFIS and Ecofys. They proposed the framework and the
inclusion of smart services. Other subsequent studies offered insights of the potential and
limitations of SRI. For example, some studied the applicability of SRI on diverse building
types, such as earlier mentioned Horák O & Kabele K (2019), others proposed algorithmic
solutions to help streamline the assessment and quantitative alternatives. With concerns rising
about the effectiveness of SRI, seeing how some of its worse qualities were being exposed as
research on the methodology was taking place.

Vigna. I et al. (2020) thereafter tried to evaluate the SRI, and discuss the practicality of the
tool based on their obtained results. They applied the SRI methodological framework on a
nZEB office building in Bolzano, Italy. One of their main concerns was the importance of
data collection, which is significantly affected by the available source of information, as well
as how it directly impacts the functionality levels of the services which are being graded in
SRI. To solve this issue, they suggested national guidelines including a source hierarchy for
data collection, as well as a list of technologies with their relative functionality levels listed,
for a smooth and efficient implementation.

Touching on the subject of nZEB once again, how does nZEB and SRI correlate to one
another? In a study done by Paoletti G. et al (2017), they aimed to identify what technologies
were adopted across Europe when constructing and renovating buildings towards nZEB. They
narrowed their study down by focusing on how climate conditions influenced the choices of
applied technologies. The general outcome was that climate conditions were not the main
parameter that affected these choices, however, the availability of natural resources such as
irradiation did affect the use of renewable technologies. They observed a smaller share of PVs
in cold climates, and likewise an increased share in the warmer climates. The important part
of their study was primarily the fact that “...the identification of the most used technology
solutions in relation to the climate condition should be used…in order to identify the building
market needs and address the efforts”.

SRI is essentially a tool that helps with the identification of the most used technologies, and
could therefore be said to have an important role towards a more efficient conversion towards
nZEB buildings. Thankfully, on December 16 2021, the SRI platform was officially launched
and since then it has been possible for private and public actors to take part in the platform
and apply it to properties and buildings (European Commission, 2021), which is what this
study aims to do.
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3. Methodology
This thesis will utilize a case study approach, which is a qualitative research method that
involves in-depth investigation of a particular system or case. Case study methodology is a
qualitative research approach that involves an in-depth investigation of a particular
phenomenon, system, or case. According to Yin (2018), a case study is a "research strategy
that involves empirical investigation of a contemporary phenomenon within its real-life
context" (p. 14). Denzin and Lincoln (2018) describe case study research as a "holistic,
in-depth exploration of a single bounded system or case (or a few closely-related cases) that
relies on multiple sources of evidence" (p. 9).

This thesis will as mentioned use such a research method to explore which potential areas at
Campus Varberg have room for energy saving measures, using the Smart Readiness Indicator
from the European Commission. There is data available on topics such as energy usage and
system installations, in addition to various contact persons who are responsible for the
maintenance of the facility, such as facility managers and the company who installed the
building control system.

Some of the data, such as construction plans, can be obtained from local authorities. The
energy declaration can be given from the Swedish authority, Boverket (Boverket, n.d.).
Information regarding system installations is a necessity in order to complete the Smart
Readiness Indicator. Expert assistance will be utilized in the form of an unstructured
interview. Because the information that the thesis requires comes from the SRI investigation,
rather than the general knowledge from our expert, it made sense to have an unstructured
interview where we simply went over the SRI documentation and had the expert explain how
the system functioned on several topics. Lastly, energy audits will be given out from the
facility owners.

The data analysis is quite straightforward. It will be conducted with a thematic analytical
approach, which in other words means looking for patterns and themes within the data.
Looking through the data several times is to avoid missing certain aspects which may prove to
be crucial for the final results. The analysis will be conducted with the focus on finding
potential areas for energy saving measures, ideally some sort of realism in regard to economic
and technical factors should also be considered in order to provide something of value for the
facility owners, Varberg Fastigheter AB.

The validity of the thesis can be said to be sufficient, because it utilizes a standardized
framework namely the SRI tool, to receive the results. In addition to this, the use of energy
audits are a commonly used method for evaluating energy performances and potential areas of
improvements, which further improved the validity. Because of the involvement of various
companies such as System Installation and Varberg Fastigheter AB, who both have a strong
relation to the facility and its control system, but also have expertise in various system
installations, the reliability should become sufficient. Their knowledge can also help to ensure
that the data that has been gathered and analyzed seem accurate. Their involvement also
allows for repeated reviews of the data, in addition to reviewing the derived results to ensure
credibility.
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To conclude, the methodology in the thesis will provide a thorough and comprehensive
approach to exploring the potential areas for energy saving measures using a case study
approach with the Smart Readiness Indicator. The use of multiple data sources, a thematic
analysis and iterative approach, and measures to ensure validity and reliability will enhance
the quality of the findings and contribute to the broader field of energy-saving initiatives that
comes from this thesis.

3.1. Method

3.1.1 Smart Readiness Indicator (SRI) - A tool to assess buildings by the European

Commission.

As mentioned previously, the SRI is a tool that aims to measure the smart readiness of
buildings, based on various parameters such as energy efficiency, thermal comfort, and indoor
air quality. Another way of describing it, would be that the SRI measures the ability of a
building to use new technologies and to adapt to the changing energy landscape. Following
the European Commission (2021), the steps used to calculate a building's SRI score can be
summarized into the following:

● Step 1 - Identify the building type and usage
● Step 2 - Find and gather data on the buildings specific characteristics
● Step 3 - Determine the so-called “weighting factors”.
● Step 4 - Calculate the performance score for each predetermined parameter.
● Step 5 - Calculate the final SRI score.

Below is a more in-depth description of how to perform the 5 steps listed above.

Step 1: Identify the building type and usage

As with most energy saving measures, it is important to identify the building type and use.
Because the SRI provides different calculation methods based on either residential or
non-residential buildings. It also differentiates between the various usages of the buildings,
such as offices, schools, & living areas.

Step 2: Find and gather data on the buildings specific characteristics

Next up is gathering data on the building characteristics. This includes but is not limited to,
building envelope, HVAC system & lighting. This type of data can be obtained from
documents such as building plans, energy audits, performance certificates, and other similar
sources.

Step 3: Determine the so-called “weighting factors”

The SRI calculations use something called the weighting factors. The weighting factors are
based on professional opinions, and determine the relative importance of the various
parameters used in determining the smart readiness of the buildings. It is therefore not
uncommon for them to vary depending on the building type and usage. As an example, the

8



HVAC system might be weighted higher than a lighting control system, as energy
consumption from this category is a major contributor to buildings total consumption, as
mentioned previously.

Step 4: Calculate the Performance Scores for each predetermined parameter

The performance scores will be calculated by utilizing the pre gathered data from step 2, in
coherence with the weighting factors which was determined in step 3. With the help of
standardized metrics, the performance scores may be calculated with regards to the specific
building characteristics. Such a metric could be the energy efficiency score, which may be
based on the energy consumption per square meter, or per occupant.

For example, if we look at a control system for heat demand, we can see that no automatic
control would be given the lowest score (0), whereas a system with individual room control
with communication and occupancy detection would be given the highest functionality score
(4).

Step 5: Calculate the final SRI score.

Finally, we may finish our calculations with the final SRI score. This is made by combining
the performance scores for all our parameters. The SRI score has a range between 0 and 100,
with high scores representing a high level of smart readiness.

3.1.2 Formulas & Equations

Equation (1) shows how to calculate the area of a tilted roof, where 𝝰 is the tilt angle.

(1) 𝑊𝑖𝑑𝑡ℎ 𝑜𝑓 𝑟𝑜𝑜𝑓 [𝑚]
𝑐𝑜𝑠(𝝰) · 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑟𝑜𝑜𝑓 [𝑚] = 𝐴𝑟𝑒𝑎 𝑜𝑓 𝑟𝑜𝑜𝑓 [𝑚2]

Equation (2) shows how to calculate the expected amount of kWp we can expect to install on
the roof, depending on the chosen solar panel.

(2) 𝑅𝑜𝑜𝑓 𝑎𝑟𝑒𝑎 [𝑚2]
𝐴𝑟𝑒𝑎 𝑜𝑓 𝑐ℎ𝑜𝑠𝑒𝑛 𝑝𝑎𝑛𝑒𝑙 [𝑚2] · 𝐸𝑓𝑓𝑒𝑐𝑡 𝑜𝑓 𝑝𝑎𝑛𝑒𝑙 [𝑊] = 𝑊𝑎𝑡𝑡𝑝𝑒𝑎𝑘 [𝑊𝑝]

Equation (3) gives us the yearly production by multiplying the Wattpeak gained from
equation (2), with the kWh/kWp value given from PVGIS data, taken over our specific
location.

(3) [𝑘𝑊𝑝] ·≈ [𝑘𝑊ℎ]
[𝑘𝑊𝑝] =  𝑦𝑒𝑎𝑟𝑙𝑦 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑘𝑊ℎ 

The equations above were given by Fredric Ottermo, who is a senior lecturer for the school of
business, innovation and sustainability, at Halmstad University.
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4. Results following the SRI

Step 1 of SRI: Identifying our building and its usage.

The property Campus Varberg is a facility where education is conducted and consists of a
wide range of both programs and courses in the areas of business, health, IT and design. The
property is centrally located in the coastal town of Varberg, which is known for its rich
cultural heritage and that it is a vibrant community. The relevant property that this thesis
focuses on consists of up to date facilities such as libraries, laboratories and classrooms. It
also has a large auditorium, conference rooms and a cafeteria. The property is a modern
environment and provides good educational opportunities, designed so that students gain
good opportunities to complete their education in the best possible way. Campus Varberg is a
learning center, which means that it is part of the University of Halmstad, but it also
collaborates with other educational institutions around the region, such as Chalmers
University of Technology and the University of Gothenburg. This creates great opportunities
to take part in and learn from experienced researchers and professors who are very
knowledgeable in their specific fields. A major focus is placed on themes such as innovation,
sustainability and entrepreneurship, with hopes to help prepare the campus students for
successful careers in a world with an increased global economy. Overall, Campus Varberg can
be said to be a modern learning center where students are offered a good learning experience
in a city with development (Campus Varberg, n.d.).
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Figure 4. Map of the properties Campus Varberg owns, (Campus Varberg, 2023).

Step 2 of SRI: Finding data on Campus Varbergs building characteristics.

The general data regarding energy use in Sweden can be found in the so called energy
declarations. Such declarations are valid for a time period of 10 years, before they need to be
updated again (Boverked, n.d.). In addition to the energy declarations, one may find useful
data from so called energy surveys. However, not all companies are required to create such
surveys, and depending on the specific circumstances they may be difficult to gain access too.
Lastly, relevant information about the structural set up of the buildings may of course be taken
from blueprints, which in Sweden are often accessible from the municipalities. In order to
interpret the values taken from the sources above, it is good to have a large sample size of
similar buildings to compare them too. Akademiska Hus is a facility owner in Sweden who
owns several large university campuses, and have shared some average values of their
buildings energy performances. The values given by Akademiska Hus include operational
energy usage, which is not the case for the standardized way of describing energy
performances in energy declaration documents. As such, the values have to be amended so
that the comparison becomes reasonable.

Building C & E: Library and Server room.

Building C is the campus location for the server room, while building E is the campus library.
As seen by looking at figure 5, 6 and 7, house E has a lot of windows facing south west and
north west. According to the property and energy manager on site, they have had issues over
the years with temperature being too high during spring and summer time due to irradiation,
whereas during winter, it becomes too cold.

Figure 5. Property with an arrow facing north.
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Figure 6. Building E’s facade facing south west.

Figure 7. Building E’s facade facing north west.

The supplied heat comes from a district heating network, and is distributed throughout both
building C and E via waterborne underfloor heating. Everything is centrally controlled by a
main pipeline, with fixed adjustments for every loop. A few rooms also have electricity driven
heat fans and radiators. There is also a separate heating circuit installed for the ventilation
units. There are gauges for heating, ventilation and sanitation in building E. As for the hot
water, it is also delivered by the district heating network, with a circulation unit running at all
times. In the computer and auditory rooms, comfort cooling units have been installed, where
the excess heat gets transferred into the heat distribution network during winter times, and
into cooling towers during summer.

A coolant cooler unit is installed which utilizes the lower night temperatures in correlation
with the underfloor piping heating network to chill the joists down. The ventilation units may
also be used during the night to help cool the buildings down during summer. There are also
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separate cooling units for the server room, and as mentioned previously to the auditory and
computer rooms. Additionally, there are also units which provide post-cooling via the
ventilation system to several lecture rooms in building E.

Building C uses a FTX unit, which supplies the entire building except the restaurant with a
supply temperature between 17 - 20 degrees depending on the needs. There is also a rotary
heat exchanger combined with evaporative cooling, and some rooms have forced ventilation.
As for the restaurant, also located in building C, it is also equipped with a FTX unit, but has a
supply temperature of 16 to 19 degrees depending on its needs. A plate heat exchanger is
installed and waterborne cooling is used.

Similarly to building C, building E is also equipped with a FTX ventilation system. The
delivered temperature varies between 15 and 20 degrees depending on the outdoor
temperature curve. A rotary heat exchanger with evaporative cooling is installed. Some rooms
have forced ventilation, and a few even have post-cooling batteries with waterborne cooling.

The system installations mentioned above are taken from the energy survey description which
was done in 2013. Since then the facility managers have worked on improving the system by
doing the following:

➢ Worked with optimizing the active times of ventilation and lighting.
➢ Limited the run time of the coolant coolers. Instead using frequency

controlled cooling fans that should hopefully lead to quieter operation and
lower energy consumption.

➢ Lastly, attempts have been made to get a more specific zone control of the
waterborn heat delivery system, but it has been proved to be quite complex.
There is however potential here according to the facility manager.

Figure 7 explains the energy declaration for building C and E. The operational energy
consumption is almost as high as the entirety of energy used for heating and hotwater which is
likely due to the server halls in building C which are used for the entirety of campus. When
comparing buildings with similar activities and usages, the most appropriate action would be
to take the energy performances of both and see how it varies. As seen in the declaration,
buildings C and E have a combined energy performance of 107 kWh/m2 per year.
Unfortunately, the values provided by Akademiska Hus have their operational energy
demands included in the energy performance calculations. In building C, there is a kitchen
facility as well as a server hall that is being used by the entire campus. Therefore, it would not
be reasonable to adjust the energy performance values for building C and E alone. Instead, the
entire Campus Varberg shall be included to create values that are appropriate for a comparison
of similar facilities. Campus Varberg does not have laboratories with high electrical
demanding equipment, so those have been sorted out from the data provided by Akademiska
Hus. As it turns out, Campus Varberg has an energy performance of approximately 187
kWh/m2 per year, without any laboratories. In comparison, Akademiska Hus uses about 105 -
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120 kWh/m2 per year for facilities without laboratories, and 177 kWh/m2 per year, if
including all facilities with laboratories and heavy electrical equipment (Wik, 2023).

Figure 8. Energy Declaration for buildings C and E.

However, the declaration is from 2013, whereas Akademiska Hus provided recent, up to date
information. If we look at the energy used during 2022 by contacting the energy provider for
Campus Varberg, we see that the actions listed before have managed to lower their energy
usage somewhat. In total during 2022, they used 691,27 MWh from district heating, and
673,11 MWh in electricity. With these new values, we see that Campus Varberg has managed
to improve their energy performance down to 151,4 kWh/m2 per year. Still not great, but at
least it is not above the heavy electrical laboratory facilities.
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Step 3 of SRI: Determine the weighting factors

This thesis uses the standard weighting factors provided by the document handed out by the
European Commission, with the preferred service catalog B which is the slightly more
advanced version.

Step 4 & 5 of SRI: Calculating performance scores and final SRI.

After filling in the documents provided by the European Commission, the university campus
in Varberg managed to get a total SRI score of 39,3 %. For further details regarding the
calculation section of the score, check Appendix 1 at the end of the thesis.

Evaluation of the SRI results.

In this chapter we will do a relatively simple evaluation and analysis of the results granted by
the SRI calculations.

Figure 9. The current SRI score.

The first and perhaps easiest fact to determine, is that although a final score of 35,1 % is by
no means a bad score given the age of the building in coherence with the advanced
technologies required, the fact remains that there are plenty of potential improvements that
can be made.

Figure 10. The current impact score.

By looking at the impact scores we can get a rough idea of what led up to the final results.
The impact scores are originally derived from three key smart readiness functionalities
according to the European commission.

➢ Optimize energy efficiency and overall in-use performance
○ Energy efficiency
○ maintenance and fault predictability

➢ Adapt their optimisation to the needs of the occupants
○ comfort
○ convenience
○ health, well being & accessibility
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○ information to occupants
➢ Adapt to signals from the grid (energy flexibility).

○ Energy flexibility & storage

The strongest outliner here is clearly the energy flexibility and storage, which is the
subcategory for adapting to signals from the grid. However, the facility used district heating
systems and hence have no local energy storage, making grid flexibility difficult to achieve
because there is no buffer present which may be charged during low cost hours. The campus
also has no local electricity production that could have charged a battery or arguably
communicated with the grid to sell electricity during peak hours. Regardless, it would be
interesting to 1. See how much installation of solar panels would cost and how long the return
of investment would take, given the prime coastal location with plenty of rooftops facing
south, and 2. how such an installation would affect the currently lacking energy flexibility and
storage impact result.

Figure 11. The current domain score.

In addition to the impact scores there are also the so-called domain scores, which are arguably
more interesting to look at from a technological perspective. These scores are determined by
evaluating certain aspects of the building, such as the HVAC or building control systems. The
scores offer an overview of the building's performance in each of the areas seen in image 9.

Figure 12. The current detailed score.

Lastly we have the detailed scores which essentially are the underlying values which led up to
the prior domain scores. If the domain scores lets building owners or operators grasp what
areas to focus their attention towards, the detailed scores allows them to further pin-point
what specific action would grant the most significant impact on the building's performance.
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Looking at the specific detailed scores for campus Varberg, it is clear that electricity and
electric vehicle charging are two areas that are non present. Not odd, considering that the
facility does not have any electricity production as mentioned previously. In addition to this,
we suspect that the impact score for energy flexibility and storage may also benefit strongly
by installing solar panels with corresponding storage utilities with incorporated grid
communication.

Looking at information to occupants, which had the second worst impact score, there are
several domains who do not have any scores at all, indicating that a lot can be achieved in this
area with relatively low efforts. One such action could be providing the occupants with more
information of the buildings energy usage and performance through real-time displays outside
of classrooms in order to raise awareness and encourage energy efficient behavior.

Lighting is yet another area that leaves much to desire, currently only utilizing manual on/off
switches with parts of the campus having a sweeping extinction signal. You may currently
only adjust the illumination manually if you wish to lower the brightness in the case of
sufficient daylight levels. Automatic dimming depending on daylight levels, as well as
automatic detection for on/off functions, while still having the option to override manually,
would be something that could be looked further into.

Lastly, under the impact score “comfort”, the monitoring and control domain showcases a
negative value. It may be that finding the underlying reason for this and adjusting it may
benefit the impact score and of course the comfort of the occupants greatly. A starting point
may be seeing if a monitoring system for irradiation in coherence with shaders of some sort
could be a viable solution. This could positively affect both cooling, monitoring and control,
as well as lighting under the comfort section.

So, to summarize the approach moving forward:

➢ Calculate the cost and effect of solar panel installations
➢ See how energy storage with grid communication functionalities would affect

certain aspects of the buildings’ performance, and indirectly the SRI score.
➢ Add electrical vehicle charging options with bi-direction charging to the local

campus and main electrical grid. This will not affect the energy efficiency,
but it may greatly increase the flexibility of the local energy grid at campus.

➢ Add displays showcasing the current energy used to raise awareness of
occupants.

➢ See how adding detection sensors and daylight level sensors could affect the
final SRI score.

➢ Discover the cause of the negative comfort value and what would be required
to adjust it. Additionally, see how this could potentially increase comfort for
occupants and the final SRI score.

Once the points above have been completed, a new SRI calculation will take place, adjusting
for these changes, and thereafter be compared against the current one.

17



5. Introductory study on possible measures to take

5.1 Solar panels, energy storage & EV charging

So, let us discuss and analyze some literature on how solar panels, energy storage and lastly
EV charging could affect the impact score regarding energy flexibility and storage.

5.1.1 Electric vehicles (EVs) with bi-directional charging.

The charging technology related to electric vehicles have improved significantly over the
years, and implementing it on the university campus may provide several benefits. The
perhaps most obvious one would be the reduction of fossil-fuel dependent vehicles, by instead
encouraging EVs with new charging infrastructure, and as a result lowering the universities
carbon emissions. However, the focus of this change should not be on the carbon emissions,
but on the energy flexibility and energy storage that can be satisfied via bi-directional
charging stations. Bi-directional charging means that the EV may not only receive energy, but
also to feed energy back into the grid or a building, essentially making the connected EVs into
a mobile energy storage. This is often referred to as vehicle-to-grid or V2G and can provide
several benefits to the grid and EV owners (Han et al., 2019). With such technology it is
possible to help balancing the grid during peak demand periods, often referred to as peak
shaving, but also frequency regulation and voltage support (Engleberger et al., 2021). In
addition to this, it also benefits renewable production installations by allowing excess energy
to be stored during the day and then as mentioned discharged when demand rises, or when the
production is low. There are multiple studies highlighting the potentials described regarding
bi-direction charging. For one, V2G can reduce the total cost of ownership of EVs by
enabling them to participate in energy markets and earn revenue from providing grid services
(Kempton & Tomic, 2005). Engleberger et al. (2021) also suggested an optimization
algorithm that allows electric vehicles with bi-directional charging capabilities to act as
mobile energy storage systems in order to maximize the possible revenue from various
markets, such as the energy market, ancillary services market and capacity markets. The
technology may also enhance the capabilities to reduce carbon emissions from transportation
further, by enabling the integration of renewable sources into the power supply (Geske &
Schumann, 2018). Geske and Schumann (2018) also studied the willingness to participate in
vehicle-to-grid programs amongst EV owners, and discovered that many are willing to do so,
given that there are positive incentives provided.

5.1.2 Solar panels

Solar energy is a renewable energy source, which may help supply the university campus with
clean power. By collecting energy during the day, solar panels can lower the current reliance
on the grid. However, the amount of generated energy may vary throughout the year and days,
depending on weather factors and installations positions of the panels. There are a lot of
things to consider if one wishes to maximize the benefits from solar benefits, design and
installation of the panels being one such thing. Albeit a very different country in regards to
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the weather, Ting et al. (2020) conducted a feasibility study on the implementation of solar
panels for a campus in Malaysia. The installation could be a cost-effective solution if one
wished to reduce their carbon emissions. Highly irradiated areas with proper orientation and
tilt angle of the panels should be considered to maximize the energy production. Furthermore,
advanced forecasting models have the potential to improve the performance of solar panels. In
a study made by Vignola et al (2021), various methodologies and tools for solar radiation and
photovoltaic production forecasting were reviewed. It was discovered that statistical models
and machine learning algorithms could accurately and effectively predict solar irradiation and
the following energy production. This may help in optimizing the usage of solar energy as
well as lowering the reliance on the grid further.

5.1.3 Electrical or hybrid energy storage

Energy storage may support renewable energy sources such as the solar panels mentioned
previously, by helping them overcome the issue related to their irregular production. By
storing any excess energy generated during high production, to then discharge when
production is low, energy storage may help with increasing the stability of the grid, but also to
lower the demand for possible fossil fueled peaker plants.

There are many different types of energy storage available such as battery energy storage
systems (BESS), hydrogen storage or thermal energy storage (TES). Because of its high
efficiency and flexibility, BESS is one of the more common storage solutions. Alsaidan et al.
(2018) proposed a comprehensive model for optimizing the size of battery energy storages
used in microgrid applications. The model aims to find the optimal size of the BES with
regards to minimizing cost of energy supply, while at the same time making sure that the
system can meet the demand for electricity. Likewise, Koskela et al. (2019) proposed a
method for sizing batteries and photovoltaic panels based on electricity costs in residential
buildings. A mathematical model took electricity generation and consumption profiles,
technical constraints of the system and lastly energy prices into consideration, with results
showcasing that the optimal size of battery and panels can be achieved if consideration are
taken to the electricity tariff structure, the equipment technical parameters, and electrical
demand patterns.

By integrating hybrid systems with renewable energy sources and storage solutions, one may
further improve the efficiency of the system as a whole. Liu et al. (2021) proposed a hybrid
system consisting of renewable electricity and storage of there of, in addition to hydrogen
production and storage in combination with hydrogen vehicles connected to the grid similarly
as the EVs mentioned previously. According to Liu et al. (2021), the results made it clear that
hybrid systems can achieve a high level of independence and thus lowering the reliance on the
grid, while also providing a multitude of grid services and economical benefits. Although
hydrogen might not be a subject that has been explored prior in this project, it could be that
the installation of another system, namely thermal energy, could provide similar positive
results for campus varberg. Currently struggling with energy flexibility, having a local TES
unit which may supply the building with either responsive heating or cooling depending on
grid signals would be something to consider.
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To summarize, by implementing local and renewable energy production such as solar cells
and possibly also wind turbines, paired with hybrid storage solutions such as batteries and
TES, improvements upon the energy flexibility and storage impact scores may be achieved
for campus Varberg. Integrating these solutions with the flexibility from vehicle to grid
technology can further enhance the efficiency of the system, and accelerate campus varbergs
change into a energy sustainable facility.

5.2 Calculations regarding solar panels & electrical storage.

5.2.1 Profitability of solar panels installation on building C & E.

The roof area of building C & E is roughly 570 m2 and 485 m2 respectively. There are two
separate roofs on building E, hence a total roof area of 970 m2. We would ideally only want
to install solar panels facing south for highest efficiency possible, hence only a portion of the
total roof area will be utilized. There is also a slope of 40 degrees angle to take into account.

𝑊𝑖𝑑𝑡ℎ 𝑓𝑎𝑐𝑖𝑛𝑔 𝑠𝑜𝑢𝑡ℎ,  𝐵𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝐶 =  14
2 = 7𝑚

𝑅𝑜𝑜𝑓 𝐴𝑟𝑒𝑎 𝑓𝑎𝑐𝑖𝑛𝑔 𝑠𝑜𝑢𝑡ℎ,  𝐵𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝐶 =  7
𝑐𝑜𝑠(40) · 40. 5 = 370 𝑚2

𝑊𝑖𝑑𝑡ℎ 𝑓𝑎𝑐𝑖𝑛𝑔 𝑠𝑜𝑢𝑡ℎ,  𝐵𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝐸 =  𝑇𝑜𝑡𝑎𝑙 𝑊𝑖𝑑𝑡ℎ
2 = 6. 75 𝑚

𝑅𝑜𝑜𝑓 𝐴𝑟𝑒𝑎 𝑓𝑎𝑐𝑖𝑛𝑔 𝑠𝑜𝑢𝑡ℎ,  𝐵𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝐸 =  6.75
𝑐𝑜𝑠(40) · 36 · 2 = 634 𝑚2

𝑇𝑜𝑡𝑎𝑙 𝑟𝑜𝑜𝑓 𝑎𝑟𝑒𝑎 𝑓𝑎𝑐𝑖𝑛𝑔 𝑠𝑜𝑢𝑡ℎ ≈  1000 𝑚2

According to PVGIS, with an azimuth angle of roughly 55 degrees and a slope of 40 degrees,
campus Varberg can expect a yearly PV production of ~910 kWh per kWp installed.

Going through a few options, a suitable panel such as SoliTek -Blackstar 365W, has as the
name suggests a peak production of 365 Watt. The dimensions of this specific panel are 1782
x 1061 mm or 1,9 m2.

The calculations for expected production hence becomes:

1000
1.9 · 365 · 10−3 = 192 𝑘𝑊𝑝

yearly production.192 · 910 ≈ 175000 𝑘𝑊ℎ = 175 𝑀𝑊ℎ 

According to the energy declaration, or figure 5, the facility used a total of 561 MWh of
electricity, if one were to include the operational values. The expected production does clearly
not measure up to the final consumption, making additional investments less fruitful. There
simply will not be enough leeway for any intelligent system paired with a battery to make any
sort of smart decisions with regards to grid services or energy market in general, because all
the production will be consumed by the building's energy demand most of the time. Now this
is not strange, considering that there is a kitchen facility with heavy electrical demands in
addition to the server hall. But it does mean that there is less incentive in general to make
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such heavy investments towards solar panels, at least in the argument for a smart building
feature.

5.2.2 Profitability of solar panels installation on building A & B.

The sum of the roof area which will carry solar panels on building A & B is roughly 930 m2.
However, 105 m2 has an azimuth angle of 55 degrees, the same as building C and E, whereas
the remaining roof area has an azimuth angle of only 5 degrees. The slope is the same as
before on all roof areas, 40 degrees.

→→𝑇ℎ𝑒 𝑤𝑖𝑑𝑡ℎ 𝑜𝑓 𝑏𝑜𝑡ℎ 𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔 𝐴 𝑎𝑛𝑑 𝐵,  𝑓𝑎𝑐𝑖𝑛𝑔 𝑠𝑜𝑢𝑡ℎ =  12.4
2 = 6. 2𝑚

𝑇𝑜𝑡𝑎𝑙 𝑅𝑜𝑜𝑓 𝐴𝑟𝑒𝑎 𝑓𝑎𝑐𝑖𝑛𝑔 𝑠𝑜𝑢𝑡ℎ,  5 𝑑𝑒𝑔𝑟𝑒𝑒𝑠 𝑎𝑧𝑖𝑚𝑢𝑡ℎ =  6.2
𝑐𝑜𝑠(40) (22 · 3 + 36) = 825 𝑚2

𝑇𝑜𝑡𝑎𝑙 𝑅𝑜𝑜𝑓 𝐴𝑟𝑒𝑎 𝑓𝑎𝑐𝑖𝑛𝑔 𝑠𝑜𝑢𝑡ℎ,  55 𝑑𝑒𝑔𝑟𝑒𝑒𝑠 𝑎𝑧𝑖𝑚𝑢𝑡ℎ =  6.2
𝑐𝑜𝑠(40) · 13 = 105 𝑚2

For the area which had an azimuth angle of 55 degrees, the value of yearly PV production will
be the same as before, ~910 kWh per kWp installed. However, for the panels which only have
an azimuth angle of 5 degrees, the production will be slightly higher, coming in at roughly
1040 kWh per kWp installed.

Using the same panels as before, the expected production can be seen in the calculations
below.

5 𝑑𝑒𝑔𝑟𝑒𝑒𝑠 𝑎𝑧𝑖𝑚𝑢𝑡ℎ → 825
1.9 · 365 · 10−3 = 158. 5 𝑘𝑊𝑝

55 𝑑𝑒𝑔𝑟𝑒𝑒𝑠 𝑎𝑧𝑖𝑚𝑢𝑡ℎ → 105
1.9 · 365 · 10−3 = 20. 2 𝑘𝑊𝑝

yearly production.158. 5 · 1040 + 20. 2 · 910 ≈  183 𝑀𝑊ℎ

If we were to combine the two expected productions, Campus Varberg could expect a yearly
gain of roughly 358 MWh. Comparing this to the use of electricity in 2022 which was 673
MWh, they could expect to fulfill roughly 53 % of their electrical demand with the help of
these solar panel installations.

The question of “is it worth installing a battery” should not be entirely ruled out while reading
this thesis, because a large amount of production will happen during the summer months,
which can be seen in figure 10 below. Combined with the fact that a lot of the facilities are not
in use during summer, there may be a possibility to store and sell a portion of produced
electricity during these few months. To do a proper analysis, data on the monthly electrical
consumption would be required from Varberg Fastigheter AB. So, moving forward with this
thesis, the assumption made in 6.2.1, that it is most likely not worth it to install a battery for
Campus Varberg, will still hold true.
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Figure 13. PV energy output at 40 degrees angle and an azimuth angle of 5 degrees. Provided
by the PVGIS tool (Joint Research Centre of the European Commission, n.d.).

5.3 Detection sensors, daylight sensors & Increased comfort in buildings.

A major part of increasing energy efficiency and improving comfort levels in buildings can be
met by the installation of detection and daylight sensors. Detection, or occupancy sensors, are
as the name suggests used to detect the presence or absence of people in a room. They may be
used to control lighting and HVAC systems in hopes of reducing unnecessary energy
consumption, as the systems may be turned off when a room is unoccupied.

Li et al. (2020) reviewed energy-efficient lighting control strategies, which highlighted
occupancy detectors importance in the pursuit of improving energy efficiency. Furthermore,
the article provides insight on how such sensors can be optimized in order to achieve the
highest energy savings and comfort levels. Similarly, daylight sensors track the level of
natural light and help by adjusting the artificial lighting in a room accordingly. This may also
lead to energy savings, because the artificial light may be tuned down or turned off
completely when there is sufficient natural light available. Additionally, daylight sensors can
be optimized further by integrating them with the other building systems, most notably
shading and HVAC systems, in order to gain the most optimal energy savings and occupant
comfort (Chen et al., 2021).

Building further upon the topic of building automation systems, Wen and Zhao (2021) have
done an in-depth review which highlights the technologies and sensors that may be a part of
such systems, including the above mentioned detection and daylight sensors. Such sensors
may also play a part in control strategy optimization. Raftery et al. (2020) argued for the
usage of multi objective evolutionary algorithms in order to optimize the lighting and HVAC
systems in net zero energy buildings. The article focused on the use of such sensors in the
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optimization process, and provides insights on how one may gain the best energy savings and
occupant efforts by using the detection and daylight sensors.

As mentioned at the beginning, these types of sensors play a crucial role for anyone who
wishes to improve their energy efficiency but at the same time also increase occupant
comfort. Even better results may be achieved if one were to integrate the sensors with other
building systems and control strategies.

5.4 Increasing the comfort in SRI investigation

After going through the SRI calculation sheet the reason for a negative comfort result under
the “monitor and control” domain was discovered. As it turns out, having a demand side
management control system without the possibility to manually regulate or override it will
have a negative effect on occupants' comfort levels, according to the SRI spreadsheet.
Furthermore, in a study conducted by Gao et al. (2021), they concluded the exact same thing
as the spreadsheet showcased. More specifically, demand side management (DSM) strategies
may increase buildings energy efficiency while maintaining user comforts. However, the
article also emphasized how crucial it is for occupants and facility managers to override the
system. The reason why it is important is to avoid the potential conflict between the occupants
comfort levels and the potential energy savings, especially during harsh weather conditions,
such as extreme cold or heat waves.

As such this is the primary area to adjust for campus varberg if they wish to have a quick fix
for some of their current comfort issues. In addition to allowing for manual overrides of the
DSM system, changing the runtime setting for heating and cooling system from a timed
schedule, into a runtime setting based on building loads could also increase comfort levels.
Choi et al. (2018) showcased that heating and cooling strategies based upon building loads
can not only improve the indoor thermal comfort, but also reduce energy consumption at the
same time. Furthermore, by adding real time data regarding outside weather conditions and
occupancy detection, the heating or cooling system may adjust the outputs in order to improve
thermal comfort of building occupants. However, the study importantly highlighted as this
thesis also has prior, that if such a system is to function properly and effectively, there exists a
high demand for accurate occupancy data.

As mentioned prior, and strengthened further by Liu et al. (2019), occupancy based control
for lighting may also increase comfort levels of occupants while improving energy efficiency
of the facility. The study also emphasized once again, that integrating the occupancy data with
other building systems could improve the overall energy performance. .
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6. Results after the suggested changes

6.1 Adapting the SRI calculations after suggested changes.

After going through the previous SRI results several subjects in various fields were discussed
and analyzed in order to provide suitable changes to Campus Varberg. Within the SRI
spreadsheet, the following changes have been made.

Table 1. Changes made in regards to artificial lighting:

Subject Functionality level Before Functionality level After

Occupancy control for
indoor lighting

Functionality level 0
Manual On/Off switch

Functionality 3
Automatic detection (auto on
/ dimmed or auto off)

Control artificial lighting
based on daylight savings

Functionality level 1
Manual (Per room / zone)

Functionality 3
Automatic switching

Table 2. Changes made in regards to local electricity production, storage and grid interaction.

Subject Functionality level Before Functionality level After

Reporting information
regarding local electricity
production

Functionality level 0
None

Functionality 2
Actual values and historical
data

Reporting information
regarding electricity
consumption

Functionality level 0
Not present

Functionality 1
Reporting on current
electricity consumption on
building level

Table 3. Changes made in regards to the building control system

Subject Functionality level Before Functionality level After

Run time management of
HVAC systems

Functionality level 1
Runtime setting of heating and
cooling plans following a
predefined time schedule

Functionality 2
Heating and cooling plant
on/off control based on
building loads

Occupancy detection:
Connected services

Functionality level 0
None

Functionality 1
Occupancy detection for
individual functions, e.g.
lighting

Override of DSM control Functionality level 1 Functionality 2
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DSM control without the
possibility to override this
control by the building user
(occupant or facility manager)

Manual override and
reactivation of DSM control
by the building user

The above mentioned changes have changed the total SRI score for the better by 6.3 %.
Interesting is to see how the energy flexibility and storage impact score have gone down
despite all the positive changes being made. As it turns out, allowing manual override of the
DSM control increases occupant comfort levels from 61.6 % to 68.2 %. However, it also
lowers the energy flexibility and storage of our system from 21.8 % down to 13.9 %. If we
were to ignore the change, and keep it at functionality level 1 as seen in table 3, our final SRI
score would be slightly better, reaching 41.9 % as opposed to the current 41.4 %. It seems to
come down to energy efficiency versus occupants comfort levels, where increasing one
parameter makes the other slightly less efficient.

Figure 14. The new SRI score after suggested changes have been implemented.

Figure 15. The new impact score after suggested changes have been implemented.

Figure 16. The new domain score after suggested changes have been implemented.
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Figure 17. The new detailed score after suggested changes have been implemented.

The building has seen decent improvements comparing the two impact scores, with the
exception of energy flexibility and storage which have already been mentioned. Areas which
the building is still lacking in can be seen in figure 12. There are a lot of domains that are still
at 0 %, and addressing these would obviously increase the final score by a substantial amount.

A clear example would be a change to the current heating system, with regards to grid
interaction. It currently sits at the functionality level 0, which has no automatic control. If it
instead was changed so that it had a functionality level of 3 which is flexible control via grid
signals, the final SRI score would go from 41.4 % up to 53.5 %. The impact score on energy
flexibility and storage would go up to 51.3 % with just this one change. However, it does not
seem to be very realistic to have a heating or energy system in general to be flexible towards
the grid, without having any sort of storage capabilities, either electrical or thermal energy
storage.

Table 5. Changes that were not made, but have potential in an ideal scenario.

Domain Subject Functionality level
Before

Functionality level
After

Heating flexibility & grid
interaction

Functionality level 0
No automatic control

Functionality level 3
Heating system
capable of flexible
control through grid
signals (e.g DSM).

7. Discussion & Conclusion
In this thesis on master level, the Smart Readiness Indicator tool from the European
Commission has been used to evaluate Campus Varberg, in hopes of finding potential areas
where energy saving measures may have the greatest effect. It was discovered that the
installation of occupancy and daylight sensors, in correlation with automatic control of the
artificial lighting could provide a strong improvement to the lighting domain score.
Adjusting the run time of HVAC systems to be demand side based as opposed to the
current predetermined time schedule would give only positive results on several
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parameters. From a comfort perspective, the biggest change that can be made is allowing
for manual override of the demand side management. The perhaps biggest discovery from
the thesis was how dependent the SRI scores are on the ability to have communication and
be adaptable towards the grid. Unfortunately, it is not realistic to be adaptive and flexible
without some sort of storage unit installed. When calculating the estimated energy gains
from installing solar panels on Campus Varberg, it was noted that the total production
would not meet up with the total consumption, and a battery would therefore not be a
viable installation. It therefore limits the possible SRI score by quite a large margin.
Arguably, the best case scenario would be to reduce energy consumption by fine tuning
lighting and HVAC control, until it reaches a point where the installation of solar panels
could be made in coherence with an installation of a battery that has grid interaction
capabilities. The current Campus Varberg has limited possibilities to be flexible towards
the grid, but with a battery or other energy storage installation, this would change
drastically, allowing for even more energy saving measures to take place. The thesis has
also mentioned the difficulties and benefits of installing charging stations for EVs.
However, without a battery installation the Vehicle-to-grid technology also becomes
limited. It becomes evident that integrating an energy storage system is both crucial and
practically indispensable for achieving a higher SRI score and ultimately creating a more
intelligent building. A battery installation should therefore not be ruled out completely.
There are two primary arguments for this. First of all this thesis covers a yearly demand
and consumption, whereas a monthly based investigation may have given more details and
perhaps more incentives in favor of installing some sort of energy storage. Secondly, there
are two electrical heavy facilities on Campus Varberg, namely the server hall and kitchen.
The server hall could be argued to be a necessity for the functionality of Campus Varbergs
daily activities. But outsourcing the kitchen activities, or dividing the electrical demand
into two separate entities, could perhaps be the push needed to encourage the installation of
the impactful energy storage.

Before the final conclusion of the report, it is worth mentioning that the SRI tool still has a
few flaws in the way one can utilize it to evaluate buildings. Similar to what Vigna I. et al
(2020) concluded in their article, we also felt that there was difficulty with evaluating
certain aspects of the building when the functionality levels differed, or were only
available for a portion of the facility. This report therefore strengthens their claim that there
is a need for an option to choose a certain floor area covered by the specific technology, or
other proposed solutions to the described issue.

To conclude, this thesis on master level aimed to evaluate Campus Varberg using the Smart
Readiness Indicator (SRI) tool from the European Commission to identify potential
energy-saving measures. The findings emphasized the importance of incorporating
occupancy and daylight sensors along with automatic control of artificial lighting to
significantly improve the lighting domain score. Additionally, transitioning HVAC systems
to demand-side-based run times rather than predetermined schedules would yield positive
outcomes across multiple parameters. From a comfort perspective, allowing manual
override of demand-side management emerged as a significant change. The thesis revealed
a key insight regarding the dependence of SRI scores on adaptability and communication
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with the grid, highlighting the necessity of energy storage installations to achieve
flexibility. While solar panel installation alone did not meet total consumption, coupling it
with a battery and grid interaction capabilities would enable a smarter building with
increased energy-saving potential. The installation of charging stations for electric vehicles
also relied on energy storage capabilities for efficient utilization of Vehicle-to-Grid
technology. Furthermore, the thesis suggested that a battery installation should not be
disregarded entirely, as monthly-based investigations and dividing electrical demands
could provide incentives for impactful energy storage. Enabling the use of a battery would
unlock various possibilities, including implementing a grid signal-based heating system,
which alone would have improved the SRI score by 12.1%. Lastly, it was noted that the
SRI tool inadequately accounted for facilities using district heating instead of heat pumps,
which resulted in certain technicalities being outsourced to the district heating company
rather than being under direct control, potentially affecting the overall score.

28



8. References

Academic literature

Al Dakheel, J. et al. (2020) Smart buildings features and key performance indicators: A
review. Sustainable cities and society. [Online] 61102328–.

Alsaidan, I., Ahmed, S., Alshahrani, A., Aljuaid, A., & Almulhim, M. (2018). A
comprehensive battery energy storage optimal sizing model for microgrid applications. IEEE
Transactions on Power Systems, 33(4), 3968-3980.

Arteconi, A. et al. (2019) Energy flexible buildings: A methodology for rating the flexibility
performance of buildings with electric heating and cooling systems. Applied energy. [Online]
251113

Chen, W., Liu, X., Zhang, Y., & Xie, Z. (2021). A review of daylighting control strategies in
smart buildings. Renewable and Sustainable Energy Reviews, 138, 110583.
https://doi.org/10.1016/j.rser.2020.110583

Choi, J., Park, S., Lee, M., & Lee, J. (2018). Dynamic heating and cooling control strategies
based on building load: Analysis of energy performance and indoor thermal comfort. Applied
Energy, 227, 1-13.

Deng, S. Wang, R.Z. Dai, Y.J. (2014). How to evaluate performance of net zero energy
building – A literature research, Energy, Volume 71, Pages 1-16, ISSN 0360-5442,
https://doi.org/10.1016/j.energy.2014.05.007

Denzin, N. K., & Lincoln, Y. S. (2018). Introduction: The discipline and practice of
qualitative research. In N. K. Denzin & Y. S. Lincoln (Eds.), The Sage handbook of
qualitative research (5th ed., pp. 1-37). Sage.

Englberger, A., Abo Gamra, T., Tepe, B., Schreiber, M., Jossen, A., & Hesse, H. (2021).
Electric vehicle multi-use: Optimizing multiple value streams using mobile storage systems in
a vehicle-to-grid context. Applied Energy, 304, 117862.

Felius, L. C. et al. (2020) Retrofitting towards energy-efficient homes in European cold
climates: a review. Energy efficiency. [Online] 13 (1), 101–125.

Gao, D., Li, H., Wu, X., & Dai, Y. (2021). A review of demand-side management for building
energy systems: Issues, methods, and future directions. Renewable and Sustainable Energy
Reviews, 151, 111452.

Geske, J., & Schumann, D. (2018). Willing to participate in vehicle-to-grid (V2G)? Why not.
Energy Policy, 120, 392-401.

Groppi, D. et al. (2021) A review on energy storage and demand side management solutions
in smart energy islands. Renewable & sustainable energy reviews. [Online] 135110183–.

29

https://doi.org/10.1016/j.rser.2020.110583
https://doi.org/10.1016/j.energy.2014.05.007


Han, J., Zhang, X., & Chen, L. (2019). A review on vehicle-to-grid technology: Market
potential, technical issues, and major players. Renewable and Sustainable Energy Reviews,
114, 109286.

HoRák, O., & Kabele, K. (2019). Testing of pilot buildings by the SRI method.
Vytápění, větrání, instalace.

Janhunen, E., Pulkka, L., Säynäjoki, A., & Junnila, S. (2019). The applicability of the
Smart Readiness Indicator for cold climate countries. Buildings, 9, 102.

Kempton, W., & Tomic, J. (2005). Vehicle-to-grid power fundamentals: Calculating capacity
and net revenue. Journal of Power Sources, 144(1), 268-279.

Korolija, I. (2011). Heating, ventilating and air-conditioning system energy demand coupling

with building loads for office buildings. https://www.dora.dmu.ac.uk/xmlui/handle/2086/5501

Koskela, J., Partanen, J., Järventausta, P., & Rautiainen, A. (2019). Using electrical energy
storage in residential buildings – Sizing of battery and photovoltaic panels based on electricity
cost optimization. Applied Energy, 239, 1175-1189.

Li, Y., Wang, L., Li, X., & Ma, Y. (2020). A review of energy-efficient lighting control
strategies for building applications. Renewable and Sustainable Energy Reviews, 133,
110290. https://doi.org/10.1016/j.rser.2020.110290

Liu, J., Liu, X., Chen, L., Fang, X., & Wang, C. (2021). Hybrid renewable energy applications
in zero-energy buildings and communities integrating battery and hydrogen vehicle storage.
Applied Energy, 290, 116733.

Liu, Y., Pan, L., Yu, X., & Liu, J. (2019). Occupancy-based control for lighting and HVAC
systems in office buildings: A review. Energy and Buildings, 190, 61-75.

Paoletti, G., Pascual Pascuas, R., Pernetti, R., & Lollini, R. (2017). Near-zero energy
buildings: An overview of the main design features in Europe. Buildings, 7(2), 43.

Raftery, P., Keane, M., & O'Donnell, J. (2020). Control strategy optimization for lighting and
HVAC systems in a net-zero energy building using multi-objective evolutionary algorithms.
Energy and Buildings, 227, 110398. https://doi.org/10.1016/j.enbuild.2020.110398

The Directive of the European Parliament and the Council (2010/31/EU) on the
energy performance of buildings (recast) was adopted on 19 May 2010. It contains
provisions related to energy efficiency in the building sector.

Ting, T. O., Tan, C. W., & Taib, S. N. L. (2020). Feasibility study of implementing solar
panels in campus for sustainability purpose: A case study of Malaysia. Energy Reports, 6,
1236-1241.

Vigna, I., Pernetti, R., Pernigotto, G., & Gasparella, A. (2020). Analysis of the building smart
readiness indicator calculation: A comparative case-study with two panels of experts.
Energies, 13(11), 2796.

30

https://www.dora.dmu.ac.uk/xmlui/handle/2086/5501
https://doi.org/10.1016/j.rser.2020.110290
https://doi.org/10.1016/j.enbuild.2020.110398


Vignola, R., Maffei, S., & Grillo, S. (2021). Solar energy assessment: A review of
methodologies and tools for solar radiation and PV production forecasting. Renewable and
Sustainable Energy Reviews, 151, 111810.

United Nations Environment Programme (2022). 2022 Global Status Report for Buildings
and Construction: Towards a Zero‐emission, Efficient and Resilient Buildings and
Construction Sector. Nairobi.

Wen, J., & Zhao, X. (2021). A review of smart building automation: From concept to reality.
Renewable and Sustainable Energy Reviews, 139, 110652.
https://doi.org/10.1016/j.rser.2020.110652

Yin, R. K. (2018). Case study research and applications: Design and methods (6th ed.). Sage

Websites

Boverket. (n.d.). Energideklaration. [Online]. Available at:
https://www.boverket.se/sv/energideklaration/energideklaration/387– [Accessed 4 May 2023].

Campus Varberg. (2023). Figure 4: Buildings and maps. [Online]. Available at:
https://campus.varberg.se/verksamhet/byggnad-och-kartor [Accessed 9 May 2023].

Campus Varberg. (n.d.). Om Campus Varberg. [Online]. Available at:
https://campus.varberg.se/om-campus-varberg [Accessed 11 April 2023].

European Commission. (2021). Smart Readiness Indicator. Energy Efficiency - Buildings.
[Online]. Available at:

https://energy.ec.europa.eu/topics/energy-efficiency/energy-efficient-buildings/smart-readines
s-indicator_en [Accessed 2 April 2023].

Joint Research Centre of the European Commission. (n.d.). PVGIS. [Online]. Available at:
https://re.jrc.ec.europa.eu/pvg_tools/en/ [Accessed 1 April 2023].

United Nations. (2021a). Figure 1: Goal 7: Ensure access to affordable, reliable, sustainable
and modern energy, 1990-2018. [Online]. Available at:
https://www.un.org/sustainabledevelopment/energy/ [Accessed 9 May 2023].

United Nations. (2021b). Figure 2: Goal 11: Make cities inclusive, safe, resilient and
sustainable, 1950-2030. [Online]. Available at:
https://www.un.org/sustainabledevelopment/cities/ [Accessed 9 May 2023].

United Nations. (2021c). Figure 3: Goal 12: Ensure sustainable consumption and production
patterns. [Online]. Available at:
https://www.un.org/sustainabledevelopment/sustainable-consumption-production/ [Accessed
9 May 2023].

UN Sustainable Development. (n.d.). Decade of Action. [Online]. Available at:
https://www.un.org/sustainabledevelopment/decade-of-action/?fbclid=IwAR1d-f5sSYyTIBU
yo_7S8VebyxRqgEdTBm4BmQjzE7SwVaUh_AMuRzvWqy8 [Accessed 4 May 2023].

31

https://doi.org/10.1016/j.rser.2020.110652
https://www.boverket.se/sv/energideklaration/energideklaration/387%E2%80%93
https://campus.varberg.se/verksamhet/byggnad-och-kartor
https://campus.varberg.se/om-campus-varberg
https://energy.ec.europa.eu/topics/energy-efficiency/energy-efficient-buildings/smart-readiness-indicator_en
https://energy.ec.europa.eu/topics/energy-efficiency/energy-efficient-buildings/smart-readiness-indicator_en
https://re.jrc.ec.europa.eu/pvg_tools/en/
https://www.un.org/sustainabledevelopment/energy/
https://www.un.org/sustainabledevelopment/cities/
https://www.un.org/sustainabledevelopment/sustainable-consumption-production/
https://www.un.org/sustainabledevelopment/decade-of-action/?fbclid=IwAR1d-f5sSYyTIBUyo_7S8VebyxRqgEdTBm4BmQjzE7SwVaUh_AMuRzvWqy8
https://www.un.org/sustainabledevelopment/decade-of-action/?fbclid=IwAR1d-f5sSYyTIBUyo_7S8VebyxRqgEdTBm4BmQjzE7SwVaUh_AMuRzvWqy8


Personal references

Wik, C. (2023) 'Discussion about the energy consumption in Akademiska Hus properties',
Personal communication with [Tobias Mohlin], 4 April.

Aronsson, M. (2023) 'Discussion about property management', Personal communication with
[Tobias Mohlin], 1 April.

32



Appendix 1 - SRI Calculation sheet

33



34



35



36


