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Abstract 
With vehicles being stationed in parking garages, at home or in the streets 95% of the time, there is 
potential for utilising the batteries of electric vehicles as energy storage. When electric vehicles are utilised 
for peak shaving and peak or load optimisation in buildings it is called vehicle to building. Vehicle to building 
utilises the same technique as vehicle to grid, where the vehicles instead supplies system services to the grid 
owner.  

 

In this thesis, the potential for vehicle to building was evaluated on a case study in Umeå. The building is a 
public parking garage with 525 parking spots spread over 10 stories. The owner of the building is planning 
on installing solar panels on the roof of the parking garage, an estimation of the production of said solar 
panels is included in this thesis. Simulations was made based on historical data from the building with the 
use of an optimisation and energy management system called OPTIMAX. Four different scenarios were 
created with one having only the solar panels and the last three scenarios with the solar panels and both 
Vehicle to Building and OPTIMAX implemented.  

 

The results from the simulations showed that energy cost savings, peak shaving and some peak shifting 
could be achieved. The maximum energy cost savings that were seen from the results was 18% compared to 
the historical data. It was further concluded that the self-consumption from the planned solar panels needs 
to be low in the first scenario, where there is no energy storage system, for vehicle to building to have 
potential of being financially feasible.  

 

With vehicle to building being a new technology, the cost of the specific charging infrastructure needed is 
high which means that it needs to mature to become financially feasible, at least in the setting of the case 
study of this thesis. There is an increase of car manufacturers producing electric vehicles with the technical 
aspects in place for this technique to be possible, which will, most likely reduce the cost of said charging 
infrastructure and in the near future it is likely that the technique will show financial feasibility.  
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Sammanfattning 
De flesta bilar är parkerade i garage, hemma eller på gatan 95 % av tiden, vilket innebär att det finns en stor 
potential att utnyttja elbilars batterier för energilagring. När man utnyttjar bilbatterier för 
toppeffektsminskning och optimering av laster i byggnader så kallas det Vehicle to Building. Vehicle to 
building nyttjar samma teknik som ett koncept vid namn Vehicle to Grid, där elbilar istället bidrar med 
systemtjänster till nätet.  

 

I detta examensarbete så undersöks potentialen för Vehicle to Building i ett parkeringshus i Umeå. 
Parkeringshuset har 525 parkeringsplatser fördelat på 10 våningar. Byggnadsägaren planerar att installera 
solpaneler på taket av parkeringshuset, en estimering av produktionen från solpanelerna har inkluderats i 
detta examensarbete. Simuleringar gjordes baserat på historiska data från byggnaden med hjälp av ett 
optimering- och Energy Management System som heter OPTIMAX. Fyra olika scenarion skapades där ena 
bara tog hänsyn till solpaneler och de tre sista även Vehicle to Building och OPTIMAX. 

 

Resultaten från simuleringarna visade att energikostnadsbesparingar, toppeffektsminskning och 
toppeffektsförflyttning kunde uppnås. De maximala energikostnadsbesparingarna från resultaten var 18 % 
jämfört med historiska data. Vidare drogs slutsatsen att egenförbrukningen av egenproducerad elektricitet 
måste vara låg när det inte finns ett batterisystem för att Vehicle to Building ska ha någon potential att vara 
ekonomiskt genomförbart.  

 

Eftersom Vehicle to Building är en ny teknik är kostnaden för laddningsinfrastrukturen som krävs hög, vilket 
innebär att tekniken måste mogna för att bli ekonomiskt genomförbar, åtminstone när man kollar på 
resultaten från fallstudien i detta examensarbete. Det är en ökning i biltillverkare som producerar elbilar 
med de tekniska aspekterna på plats för att vehicle to building ska vara möjlig. Detta kommer troligen att 
reducera kostnaderna för laddningsinfrastrukturen vilket i sin tur troligen kommer innebära att tekniken 
kommer kunna visa på ekonomisk potential inom en snar framtid. 
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Abbreviations 
Table 1: Abbreviations used 

ACER Agency for the Cooperation of Energy Regulators 

AI Artificial Intelligence 

BAU Business as Usual 

B2V Building to Vehicle 

BBC Brown Boveri & Cie. 

BESS Battery Energy Storage System 

DSM Demand side management 

EMS Energy Management System 

EU European Union 

EV Electric Vehicle 

GHG Greenhouse Gas Emissions 

HVAC Heating, Ventilation and Air-conditioning 

IEA International Energy Agency 

KPI Key Performance Indicator 

LCC Lifecycle cost 

NECP National Energy and Climate Plan 

NZEB Nearly or Net Zero Energy Building 

PHEV Plug-in Hybrid Electric Vehicle 

PV Photovoltaic 

SoC State of Charge 

TFC Total Final Consumption 

V2B Vehicle to Building 

V2B2 Building to Vehicle to Building 

V2G Vehicle to Grid 

V2X Vehicle to Anything 

UPAB Umeå Parkering AB 
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1. Introduction 
The European Union (EU) created a new energy policy framework in 2019, called Clean Energy for all 
Europeans’ package. This policy framework aims to tackle both Greenhouse Gas (GHG) emissions and 
energy consumption within all member states. The policy states that each member state needs to produce a 
National Energy and Climate Plan (NECP) as well as progress reports every two years. Within the framework 
there are both legislative acts and non-legislative initiatives. The legislative acts concern Energy Performance 
in Buildings, Renewable Energy, Energy Efficiency, Governance of the Energy Union, Electricity Regulation, 
Electricity Directive, Risk Preparedness and Agency for the Cooperation of Energy Regulators (ACER). 
(European Comission, 2020) In the legislative act Energy Performance in Buildings it is stated that all newly 
built buildings should be Nearly or Net Zero Energy Buildings (NZEB) and that the old building stock should 
be renovated in such a manner that by 2050 all buildings in EUs member states are NZEB (European 
Parliament, 2018). In the act of Renewable Energy, it is stated that the energy mix in the EU needs to come 
from at least 32% renewable energy sources. Finally, in the act of Energy Efficiency it is stated that energy 
use needs to be 32.5% more efficient by 2030 compared to a Business as Usual (BAU) scenario. (European 
Comission, 2020)  

 

In 2017, Sweden adopted a new Climate Policy Framework that aims to make Sweden a net-zero GHG 
emission country by 2045. This is one of Sweden’s acts to meet the Paris agreement that was adopted in 
2015. The Climate Policy Framework includes specific goals and milestones for different sectors within 
Sweden. The specified sectors are domestic transportation and sectors covered by the EU effort sharing 
regulations, which includes buildings, agriculture, industry and waste (European Comission, n.d.). The 
sectors covered by the EU effort sharing regulations are required to reduce their emissions with at least 75% 
until 2040 compared to the emissions in 1990. (Ministry of Environment and Energy, 2017)  

 

As of today, the residential and commercial buildings in Sweden account for 30% of the total final 
consumption (TFC) of energy and 55% of the electricity consumption. (International Energy Agency a), 2021) 
This means, that to reach the goals of the climate policy framework that Sweden adopted in 2017, as well as 
the energy policy framework adopted by the EU in 2019, the energy use and efficiency of energy use in 
Swedish buildings needs to be addressed.  

 

One way to reduce energy consumption and increase energy efficiency in buildings is to implement an 
Energy Management System (EMS). By implementing a well-functioning EMS, the energy consumption and 
emissions in a building can be reduced while at the same time maintaining the thermal comfort for the 
residents. (Yoon, o.a., 2018) 

 

With the transport sector accounting for almost 40% of all GHG emissions in Sweden (International Energy 
Agency b), 2021), policies are put in place to promote penetration of electric vehicles (EVs) as a means to 
reduce GHG emissions. One of the governments goals is to have a fossil independent car fleet by 2030. 
(Miljö- och Energidepartementet, 2015) This will further push for reduction of electricity use in other 
sectors, such as buildings and industries.  

 

With an increasing penetration of EVs, alongside an increasing number of renewables in the energy mix, the 
peaks and variability in energy demand as well as production will increase. (Engel, o.a., 2010) To mitigate 
peaks in energy-demand while also making it possible to integrate even more renewables and intermittent 
energy sources, smart storage solutions needs to be incorporated in every sector. (Bird, o.a., 2013) While 
EVs cause an increasing energy and peak demand they can also pose a solution to some of the issues 
emerging. Vehicle to Grid (V2G) is a solution that takes advantage of the fact that EVs are a type of storage 
system, where the flow can be bidirectional. V2G uses the EVs as mobile storage system which turns the 
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vehicles into both consumers of electricity and providers of ancillary services. There are several different 
concepts connected to V2G, such as V2B (building), V2H (home), V2L (load), which all can provide different 
services to the market as well as financial benefits for the vehicle owner (Noel, o.a., 2019).   

 

On average, a car is only used around 5% of the time, while the remaining time being parked at home or in 
parking garages (RISE, 2018). This means that the potential for V2B or V2H integration, both in private 
homes and public parking spaces, would be significant if the share of EVs are increased.  

 

V2B in combination with an EMS could be the way forward to increase the use of renewable energy while 
keeping energy consumption and variability low in residential and commercial buildings. This thesis will 
therefore investigate the advantages of combining these two solutions in a parking garage in Umeå.  

 

1.1. Background 
This thesis will be conducted as a case study on a parking garage in Umeå called Nanna. The thesis is a part 
of a larger project called Sharing Cities, which is a project spanning over several cities in Sweden, 
investigating the benefits of sharing economies. The thesis will be focused on the benefits of sharing 
electricity between buildings and EVs, more specifically on how a parking garage can be transformed into an 
energy hub. An energy hub can be defined as: “a place where production, conversion, storage and 
consumption of different energy carriers take place” (Mohammadi, o.a., 2017) The thesis will investigate the 
possible energy savings that can be achieved by utilising the EVs batteries as energy storage for peak shifting 
and shaving.  

 

The specific EMS that will be used for this thesis is OPTIMAX®, an optimisation and EMS tool created by ABB. 
OPTIMAX® is an EMS that can be used for separate buildings, whole cities and even energy production 
facilities. (ABB a), 2021) OPTIMAX® can reduce both energy cost with up to 10% as well as minimise 
emissions. (ABB b), 2021) ABB uses OPTIMAX® in several projects and is a proven EMS when it comes to 
energy and emissions reductions. (ABB a), 2021) 

 

The aim of the building owner as well as Umeå Energi, who are part of the project Sharing Cities, is to 
investigate the potential of sharing energy as well as the potential of reducing energy demand. The building 
owner is also planning on implementing solar photovoltaic (PV) panels on the roof of the garage. The 
estimated production of electricity from this planned PV-plant will be used in this thesis. An estimation of 
the production will be done by a company called Rebase Energy.  
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1.2. Objective and Research Questions 
The objective of this thesis project is to perform a techno-economic evaluation of implementing V2B in a 
building. More specifically, the thesis will aim at addressing the following research questions:  

• What potential does V2B have in terms of peak-shaving and peak-shifting in a building? 

• What synergies and/or trade-offs can be found when implementing both V2B and OPTIMAX® in a 
building? 

• How much in energy cost savings can be achieved by using V2B and OPITMAX®? 

 

1.3. Method 
At the beginning of this thesis project a formulation of the problem statement was made. To be able to set 
up research questions that were interesting and suitable for the chosen problem statement an early 
literature study was made to find key figures used in similar projects. 

 

When the research questions and problem statement were formulated, a more in-depth literature study was 
made. The aim of the literature study was to gain more knowledge of the subject at hand as well as 
statistical data of the development of EVs. The author has refrained from using sources older than from 
2010 to make sure the information gained is as up to date as possible. There is two exception regarding first, 
a short introduction to the history of V2G where the source is from 1997 and secondly an introduction to 
Energy Hubs where the source is from 2005. These sources are non-the less regarded as valid since they 
merely give an historical background about the two concepts.  

 

Apart from the literature study, the methods that have been used are data analysis, simulations and 
calculation of key performance indicators (KPIs). In Table 2, the programs that have been used for this thesis 
are presented as well as what they have been used for. The simulations are performed in ABBs EMS and 
optimisation tool called OPTIMAX® for the different scenarios that were considered. The aim of the 
simulations was to gain data to be able to answer the research questions. 

 

Table 2: Programs used for the thesis 

PROGRAM USE 

OPTIMAX Simulation and optimisation 

EXCEL Data analysis, cost benefit calculations and result analysis  

 

1.4. Limitations /scope 
The thesis will be limited to study the implementation of V2B and OPTIMAX® in an existing building in 
Umeå. The study will consider one V2G compatible charging point, ABB Terra Nova 11 J. The study will not 
consider any social or legal implications the implementation of V2B could have. Nor will the study include 
details regarding thermal comfort and setpoints in the case study building. The building is currently 
undergoing an energy mapping, where thermal comfort and setpoints are considered, and it is therefore 
assumed that the building does not need further investigation of these systems. The optimisation and 
implementation of the PV-system will not be considered as part of this thesis, although will be performed by 
a third party, namely Rebase Energy. The results of their analysis and forecast will be used as input to this 
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study. The study will investigate the energy savings and increase in grid independency that can be achieved 
through the implementation of the above-mentioned solutions. The financial implications of such results, as 
well as the cost of implementing the named solutions will also be considered.  

 

1.5. ABB 
ABB is a global technology company located in over 100 countries and with over 110 000 employees. It was 
founded in 1988 through a merger between ASEA and BBC (Brown Boveri & Cie) and is now a Swiss-Swedish 
company with its headquarters in Zurich (ABB c), n.d). ABB is divided into four main business areas, namely 
Electrification, Process Automation, Motion and Robotics and Discrete Automation. This thesis project will 
be conducted within the business area of Process Automation which in turn is divided into five divisions. 
(ABB d), 2021)  

 

The division at ABB where the thesis will be conducted is called Digital Delivery which is a new department 
within Process Automation Energy Industries that was formed in August 2020. The benefit that this thesis 
can bring to the department is more knowledge on how V2B can impact energy management systems in 
buildings and what value V2B could have in terms of creating energy hubs for smart city development.    

 

1.6. Rebase Energy 
Rebase Energy is a KTH start-up that uses Artificial Intelligence (AI) to make energy forecasts. (Rebase 
Energy, 2021) Rebase Energy will provide hourly solar production data for this thesis based on the building 
owners’ specifications. The company will make predictions based on historical weather data as well as 
production from similar solar panels already installed on buildings in Umeå.   
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2. Theoretical framework 
This section will go through the necessary theoretical framework that is needed to answer the questions of 
this thesis. Previous studies in the same and similar subjects will be presented alongside the conclusions 
they have arrived at. Some key figures that are occurring in previous studies will be presented and lay the 
ground for the key performance indicators (KPI) for this thesis.  

 

2.1. Energy Management Systems 
In short, an EMS is a system that manages energy. It could be management of energy in large production 
facilities, buildings or workflows. It is a system that is designed to reduce the required energy demand and 
to utilise all present generation, consumption and storage devices in a way that also flattens the load curve, 
in other words reduces peaks in the system.  

 

There are different approaches of energy management, such as renewing and changing processes or even 
changing whole technical aspects of systems to only monitor and predict the current energy flows and 
manage them thereafter. (Field, 2019) The latter is what is referred to as an EMS in this thesis. The focus in 
this thesis will be on an EMS that monitors and predicts energy flows to reduce peak demand. The specific 
EMS, OPTIMAX®, that is considered in this thesis will be presented in chapter 4.1.  

 

To utilise the full potential of any EMS, there need to be access to both a storage solution and energy 
generation. Preferably the energy generation should be renewable to further promote the reduction of 
emissions. This is true no matter if it is for a whole city or only one building. These components will 
maximise the benefits of any EMS, and studies have shown reduction in energy use from 5% (Yoon, o.a., 
2018) up to 50% (Zavalani, 2011).  

 

2.2. Vehicle to Grid 
The idea of V2G was first introduced by Kempton and Letendre in 1997 in an article called Electric Vehicles 
as a new power source for electric utilities (Kempton, o.a., 1997). They predicted that EVs would play an 
important role as storage systems for the electricity market in the future. Although, over 20 years later V2G 
is mainly used in small pilot projects and only a few fully commercial projects, one of them located in 
Denmark that was started by a company called Nuvve. It is believed that the slow development of V2G is 
due to the slow dispersion of EVs, with the hope now being that V2G will give more incentive to invest in 
EVs. (Noel, o.a., 2019)  

 

Today, most EVs have a one-way electric flow, meaning that they can only be charged and then used for 
transportation. Although, with V2G, the use of a bi-directional flow in EVs and the charger component is 
made possible and the battery can therefore both charge and discharge. For V2G to function properly a 
communication system needs to be in place between the vehicles and the grid operator. This could either be 
directly from the grid to the individual EV, or from the grid to an aggregator. An aggregator in turn 
communicates with a whole fleet of vehicles and the service that the EVs are requested to supply can be 
better organised than with direct communication with individual vehicles. (Noel, o.a., 2019)  An aggregator 
could for instance be a public parking garage.  
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The areas where V2G could have potential are ancillary services and peak power supply, where ancillary 
services refer to frequency regulation and spinning reserves. V2G as peak power supply is possible, although 
often peak demand requires large amount of energy which could lead to complete drainage of the EVs 
battery. The same goes for spinning reserve, which is required for instance when a power plant fails, here 
the potential is greater compared to peak power supply. The highest added value for both car owner and 
grid owner can be seen when V2G is used as a frequency regulator. This is a service that the grid 
continuously needs due to fluctuations of the frequency. The fluctuations of frequency are due to that the 
actual power that is being delivered is not matching the electricity that is consumed. Hence, for frequency 
regulation, high power capacity is required while the energy capacity can be low. Even though frequency 
regulation is a higher valued service for V2G, it is a service that is required all the time and ever-changing 
each second of the day. Therefore, a service like this would require well-functioning and high detailed 
information flows between the grid operator and vehicle or aggregator. Another area of use for V2G is 
integration of renewable energy in the energy mix, for this use, there will be a higher demand for number of 
EVs as well as battery capacity. (Noel, o.a., 2019) 

 

The use of bi-directional EVs is not only for the use of V2G, there are several concepts evolving with different 
benefits and obstacles. One could even call it vehicle to anything (V2X) since there are many different 
concepts one could use bi-directional EVs for. One of these concepts is V2B (vehicle to building). Where the 
vehicle instead of being connected to the grid, is connected to a building. This concept could be beneficial 
when the building owner wants to decrease grid-dependency, increase self-consumption of energy 
produced from PVs or other renewable sources, reduce peaks in power demand and optimise energy 
consumption. (Noel, o.a., 2019) 

 

2.3. Vehicle to Building 
As mentioned previously, V2B have many potential areas of use to add value to the building owner as well as 
the vehicle owner. These aspects have been studied in several scientific research papers and different 
projects around the world. No studies have been found where an EMS and V2B is investigated regarding 
their trade-off and potential synergies. Both solutions offer peak shaving, peak shifting and optimisation of 
energy consumption and it is therefore assumed that the energy savings can be greater when they are 
combined. 

 

The main difference between V2G and V2B is the size of power flows, with V2G requiring a larger power 
flow to reach the mentioned benefits. This means that V2B could be more applicable due to the slow 
dispersion of EVs that have been seen. (Noel, o.a., 2019) The reason being less cars are needed for V2B to be 
beneficial than is needed for V2G.  

 

There are two studies that have investigated a similar concept as V2B called Building to Vehicle to Building 
(V2B2). For this concept two buildings are considered instead of one, as in V2B. Where one of the buildings 
have some sort of renewable energy production and the other not. Here, the EVs function as an energy 
vector to exchange electricity from the building with renewable energy production to the building without 
any production. The two studies investigated the impact on energy savings and grid-independency. The 
results from the study by Buonomano (2020) showed that V2B2 could lead to energy savings of 38% up to 
73% for the two buildings combined. The second study by, Barone et al (2019), showed that V2B2 can 
increase grid independency from 45% up to 77%.  

 

A study by Eriksson (2019) investigated the benefits of implementing V2B alongside PV-panels in an office 
building. The study made a sensitivity analysis on the number of EVs available and PV-panels installed which 
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showed that with no PV-panels installed the number of charging stations and EVs needed would be 
unreasonably high to reach any benefits. Although, with PV-panels it showed clear signs that the electric 
load profile would be improved, and the yearly energy demand would decrease.  

 

A study by Tchagang and Yoo (2020) investigated the effects on battery degradation when utilising EVs for 
both V2G and V2B. The study investigated different limits on State of Charge (SoC) and different driving 
scenarios while using operational constraints. The results of the study showed that electricity demand could 
be decreased with 10% and that the optimal economic benefits could be reached when SoC is kept within 
the range of 30% to 90% while also restricting the charging and discharging patterns. 

 

All the studies that have been evaluated show clear benefits that can be gained by implementing V2B and 
concepts like V2B. What can be concluded is the possibility of peak shaving and shifting as well as reaching 
energy cost savings and increased grid-independency is highly possible. Examples of other research with 
similar conclusions as previously presented are studies made by Nguyen and Song (2012), Tanguy et al 
(2016) and Pang, Dutta and Kezunovic (2012).  

 

The key figures that are mainly investigated throughout all the studies that have been presented are level of 
grid-independency, emission reductions and energy demand reductions. These key figures have lain the 
ground for the KPIs that are used to evaluate the different scenarios in this thesis. The specific KPIs will be 
presented in chapter 4.4. 

 

2.3.1. Technical aspects 

Both the vehicle and the charger need the capability of bi-directional flow. Today, there are several 
companies on the market that produce chargers with this capability. There are mainly DC chargers available, 
although a few companies have started to also develop AC chargers. The DC-chargers allow for fast charging 
and heavy-duty charging for vehicles with large capacity batteries. The batteries are always charged with DC 
and the EVs therefor have a built-in inverter that converts AC to DC when an AC-charger is being used. When 
a DC-charger is being used, the inverter is bypassed and therefore makes for faster charging. (Falun Energi 
och Vatten, 2019) There are 4 different types of chargers that can deliver different power and type of 
current, AC or DC. Specifications for the four types of chargers are specified in Table 3. (Termens, 2017) 
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Table 3: Charger type-specifications, maximum power that can be achieved (Termens, 2017) 

 CONNECTION POWER [KW] 

TYPE 1 AC one-phase 230V – 32A 7.4 

TYPE 2 AC three-phase 400V – 63A 43 

CHADEMO DC 400V – 125A 50 

CCS DC 400V – 325A  >125 

 

EVs with bi-directional batteries is one of the most important aspects to consider for this concept to work, 
and as of now only one car manufacturer have models with this capability, Nissan. Nissan have two cars with 
the capability of V2G, namely Nissan Leaf and Nissan E-NV200. Both cars come in two models, the Leaf 
comes in standard and E+ edition which have a larger battery, the E-NV200 comes as a minibus as well as a 
van. These cars all have two connection-options, Type 1 and CHAdeMO. (Nissan a), 2021) 

 

SoC is one of the aspects that has a high impact on the battery life. SoC can be defined by the ratio of 
current capacity to nominal capacity of the battery, where the nominal capacity is stated by the 
manufacturer. (Dankoa, o.a., 2019) To calculate the SoC of an EV battery after being connected to the 
charger, Equation 1 can be used. (Eriksson, 2019) 

 

Equation 1: State of Charge 

𝑆𝑜𝐶𝜏 = 𝑆𝑜𝐶𝜏−1 ±  
𝑃𝑥 ∗ ∆𝑡

𝑄  

 
Where SoCτ-1 refers to the SoC before being connected to the charger, Px the power [kW] of charging or 
discharging, ∆t the time [h] that the vehicle has been connected and finally Q, which is the nominal capacity 
[kWh] of the battery. 

 

The car owner needs the ability to check the SoC of their vehicle so that when the car needs to be used the 
SoC is not too low to drive. The car owner should also be able to control the maximum and minimum SoC of 
their vehicle when plugging in to a V2X charger. This would easily be controlled with a phone application. 
Such an application is provided by Nissan to their customers when buying a Nissan Leaf for instance. This 
application provides the car owner with the ability to check SoC, disconnect from V2X-charging as well as 
change settings such as departure time, maximum SoC and minimum SoC. (Nissan a), 2021) 

 

2.3.2. Social Aspects 

As was mentioned in the limitations, social aspects will not be considered in this thesis. Nonetheless it was 
considered important to at least mention a few of them even if they will not be investigated for this specific 
project. The main social aspects consider environmental awareness and financial capability.  

 

As was mentioned in the previous chapter, SoC is an important factor to control. If SoC goes too low or too 
high the degradation of the battery-life could be accelerated in such a manner that it would not be 
financially profitable for the vehicle owner to take part in a V2X program. Even though the SoC is kept within 
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reasonable limits the battery will still be under extra stress that will reduce the lifespan, and the number of 
charge cycles will also increase degradation. It is therefore a question of financial incentives to make EV 
owners willing to provide their vehicle for example to a municipally owned or a company owned building. 
The building owner will most likely decrease their energy cost by utilising privately owned EVs and should 
therefore give back to the car owners in some way to make it profitable for all parties involved in the 
scheme. 

 

When the EVs are used for V2H the financial incentive will not be needed since the car owner would profit 
from lowering their own electricity bill. Although, for most other uses of V2X a financial incentive would be 
needed for the car owner. To further promote the development of V2X, there is a need to create a greater 
consumer acceptance while also providing assurance of consumer privacy (Kester et al., 2018). This, due to 
the EVs needing to be connected to aggregators could create a sense of being tracked and monitored, as 
well as having one’s privacy invaded.   

 

Policy making will be another important aspect to further promote the use of V2X across the world. A recent 
study by Kester et al. (2018) investigating policy mechanisms in the Nordics showed that the development of 
flexible energy markets, greater support for pilot projects and more dedication to information and planning 
are needed to boost the development of V2G. This means that a lot of change needs to be made in the 
structure of the energy market and the way the government is planning cities and infrastructure.  

 

2.4. Load Management 
Load management, also known as demand side management (DSM) is when the load is controlled and 
managed rather than managing power station outputs after demand. DSM is a way to reduce peak power, 
which can be done by using storage solutions and renewable energy sources in combination. Load 
management is a cheaper solution than expanding transmission lines or increasing power generation. 
(Kostková, o.a., 2013) 

 

There are two different techniques to flatten out the load curve: peak shaving and peak shifting. Peak 
shaving is when the peak loads are reduced by for instance using renewable energy sources. Peak shifting is 
when you shift demand to off-peak times to reduce stress on the grid, by for instance using energy storage 
systems or simply by using appliances during off-peak times.  

 

2.5. Electric Vehicles 
In February 2021, 4% of Sweden’s private vehicle fleet was chargeable vehicles. This account for 199 825 
private vehicles out of which 61% are Plug-in Hybrid Electric Vehicles (PHEVs) and 31% EVs. Rechargeable 
vehicles with the capability of bi-directional flow in 2019 accounted for 20 000 vehicles. With the growth 
rate of chargeable vehicles in the last year being 78%, it is reasonable to think that these numbers will go up, 
and with that also the number of vehicles that have capability of bi-directional flow, in other words, V2G 
potential. (Power Circle (a), 2021)  

 

The five most popular EVs as of today in Sweden are Tesla Model 3, Renault Zoe, Nissan Leaf, Tesla Model S 
and Kia E-Niro. (Power Circle (b), 2021) One of them being a commercially functioning EV with a bi-
directional battery, Nissan Leaf. Although Nissan Leaf is the only V2G capable EV currently on the market, 
several car manufacturers are developing their own car models with the same capability, some of which are 
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used in pilot projects around the world. Renault is the leading brand so far with several pilot projects around 
Europe, also companies such as Kia and Hyundai are developing car models with this capability.  
(Kristensson, 2020) (Theron-Ord, 2016) 

 

According to the International Energy Agency (IEA) the capacities of EVs batteries by 2030 will average 
around 70-80 kWh. (International Energy Agency c), 2020) Today, the average capacity of the five most 
popular EVs in Sweden is 65 kWh.  

 

2.6. Energy Hubs 
The concept of an Energy Hub was first presented in a laboratory in Zurich in 2005, in conjunction with a 
project called A vision of future energy networks. The idea of the energy hub was to communicate between 
various energy carriers as well as different inputs and outputs of energy. (Mohammadi, et al., 2017)  

 

Energy hubs can be used to produce and store energy in one place in for instance a city and then moved to 
another part of the city where the demand is higher. The way of moving the energy could be done using EVs, 
as was shown in the studies by Buonomano (2020) and Barone et al. (2019) regarding the concept V2B2 

where electricity is transferred between two buildings depending on how the demand in the two separate 
buildings is changing.  

 

Energy hubs could be a smart solution in the progress of creating smart cities and reduce energy 
consumption. The connections between different energy carries, producers and energy storages could be by 
traditional transmission lines or by energy interconnectors as is suggested in A Vision of Future Energy 
Networks by Favre-Perrod (2005). EVs could therefore represent the energy interconnectors in an energy 
hub.  

 

2.7. Solar Photovoltaics 
There are many ways to capture and utilise the suns energy for useful energy, such as heat or electricity. The 
main technologies that are used today are Photovoltaic (PV) cells, solar thermal collectors and solar heating 
and cooling systems. Since this thesis is focused on the electricity consumption in the case study building the 
solar technology that will be used is solar PV that converts the suns energy into electricity.  

 

The use of solar PV in Sweden has been increasing steadily the last few years. Since 2012 the installed 
capacity has increased from almost 140 MWh to almost 700 MWh in 2019. (Swedish Energy Agency a), 
2020) Even though the increase is steady, solar PV in Sweden only supply 0.2% of the total electricity 
demand and needs to be increased to create a sustainable energy system. (Naturskyddsföreningen, 2021) 

 

The use of solar PV in countries like Sweden, where the solar irradiance is low, and where the production 
occurs when the least electricity is needed, energy storage systems are important to get the full potential. 
An energy storage system gives the potential to match the production with the demand. (Swedish Energy 
Agency b), 2020)  
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2.8. Modelling and Simulations as a research method 
When doing a Simulation study, the first thing that needs to be created is a model. The model should reflect 
the system being studied, be it real or proposed. The model will affect the outcome and validity of the study 
depending on the validity and detail put into the model. (Robinson, 2008)  

 

Simulations is a great method when it is unfeasible to test a new technology or solution in a real setting due 
to high costs or time-restraints. Simulations enables the possibility of changing aspects and variables of the 
physical setup without having to construct and invest in expensive parts. Therefore, being able to analyse 
what variables will affect the system the most as well as finding the most profitable and viable setup. 
(Anylogic, n.d.)  One argument that could be made about models is that they can never fully replicate the 
reality, although they can give valuable indications on what aspect will diminish the profitability and what 
sensitivities could appear. To validate models and to make them more realistic and usable to analyse real 
scenarios one can utilise sensitivity analysis as well as scenario analysis to strengthen the simulations. This 
will give indications of how well the system will perform for different developments of the future.  

 

With V2G and V2B being new technologies and quite expensive to implement, simulations are a useful tool 
as a pre-study to investigate what is required to make the implementation profitable. Variables that will 
impact the profitability are the number of vehicles that are available at any given time as well as the number 
of chargers. The number of vehicles will not impact the overall costs of the system, although it is required 
that the penetration of EVs increases so that the availability increases. The number of chargers on the other 
hand will impact the overall cost of the system.  
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3. Case Study 
In this chapter, a short introduction of the project that this thesis is conducted within, Sharing Cities, will be 
presented as well as the specific case study. Historical data for consumption in the case study building 
Nanna will be presented and the estimated production of the solar panels. The charger that is considered is 
also presented below.  

 

3.1. Sharing Cities Sweden 
Sharing cities Sweden is a national program spanning over four years, 2017 – 2021, that works with sharing 
economies in Stockholm, Göteborg, Malmö and Umeå. The program is a part of a larger initiative called 
Viable Cities, that aims at creating smart and sustainable cities. (Viable Cities, nd) 

  

The program is creating testbeds in the four cities involved, to develop and evaluate digital solutions as well 
as sharing services. In Umeå, the plan was to create a testbed for V2G technology in the parking garage 
Nanna, although, due to COVID the physical testbed has not been able to be realised. Therefor it has been 
decided to make simulations on the garage as a first step, to see what benefits can be gained by 
implementing V2B-technology. (Viable Cities, nd) 

 

3.2. Umeå Parking Garage 
The building in Umeå called Nanna consists of three building bodies, A, B and C. Figure 1 shows a birds view 
of the building bodies. Building A and B are both heated by district heating while building C is non-heated. 
Building A and B have a communal basement and are not always open while building C is open around the 
clock. Building A consists of mainly apartments, including elevators, a basement and a fan room. In building 
B there are mostly businesses like restaurants, shops and offices. The third building, C, is a 10-story garage 
space which have 525 parking spots. In 2019 the garage had 9 spots for EV-charging, although as of the 
beginning of 2021 there are a total of 40 spots for EV-charging. The current charging points for EVs are 7/3 
Schucko sockets with a maximum of 1.3 kW/charge.  

 

 

Figure 1: Satellite image over Nanna (Google Maps, 2021) 
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Nanna was built in 1986 and is currently undergoing an energy mapping to see where energy cost savings 
can be made. A part of the energy mapping is to investigate the potential of solar PV – panels which will be 
further detailed in chapter 3.2.4.  

 

The garage is operated by Umeå Parking AB (UPAB) who currently own 10 Nissan Leaf company cars that are 
parked in the garage. The cars are used during weekdays by employees and on weekends they are stationed 
only in the garage which gives ample opportunity to utilise them for V2B.  

 

3.2.1. Use of garage 

A typical week schedule was created for each season of the year (spring, summer, autumn, and winter), 
these can be seen in Figure 2 to Figure 5. The schedules show how many vehicles are in the garage at any 
given hour.  

 

In spring the peaks during weekdays reach approximately 300 cars every day, and a clear trend can be seen 
on weekdays. On the weekend the trend is not as clear, although a peak can be seen on midday on Saturday 
with approximately 250 cars.  

 

  

Figure 2: Spring week 

 

In summer the peaks are a bit lower than in spring, which can be easily explained by less people using their 
car as well as people being on holiday. The trend is not so consistent, although Monday through Wednesday 
follow a trend and have a peak of approximately 230 cars. Thursdays and Fridays follow a trend with the 
peak being around 200 cars. Same as for the spring weekends, the summer weekend does not follow a clear 
trend.  
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Figure 3: Summer week 

 

For the autumn week, the trend that can be seen is different compared to spring and summer, where only 
one peak during the day could be seen. Here two distinct peaks can be seen per day, one early in the 
morning/during the night and one in the afternoon. The highest peak is approximately 200 cars. The peaks 
are lower in autumn compared to spring and summer, which is a bit counterintuitive. Although, in autumn 
there are instead two separate peaks in a weekday so in total over a day there are more cars in the garage 
than in spring and summer. When comparing to the data from September to November in 2018 the two 
peaks for autumn cannot be seen which could indicate that the data for autumn 2019 is deviant from other 
years. The weekend does not show a clear trend for autumn, just as for spring and summer. 

 

 

Figure 4: Autumn week 

 

For the winter week, there is, once again, two peaks per day although not as distinct as for autumn. The 
highest peak for winter is approximately 250 cars, which is lower than spring. The weekend is once again not 
showing a clear trend.  
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Figure 5: Winter week 

 

The fact that weekends does not show a clear trend is not unexpected since most people work during 
weekdays and therefore does not have any strict routines on weekends.  

 

By analysing the data for the garage, a schedule was made to be able to distribute the EVs for the V2B 
simulations. An average week for 2019 can be seen in Figure 6, which was used to create a schedule. During 
the weekdays, three different schedules was found: residence, office and lunch. During weekends, there 
were two different schedules found: Shopping and Residence. For the residence schedule on both weekend 
and weekday UPABs 10 vehicles are added. To be able to distribute the vehicles on the different schedules 
for the simulations a percentage based on average number of vehicles during these hours was calculated. 
The specific times and the distributions for the different schedules can be seen in Table 4. 

 

 

Figure 6: Average week for 2019, Nanna 
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Table 4: Distribution schedule for vehicles 

SCHEDULING AND DISTRIBUTION OF VEHICLES TIME DISTRIBUTION 

WEEKDAYS 
  

OFFICE SCHEDULE 07.00-17.00 37 % 

LUNCH VISITORS 10.00-14.00 42 % 

RESIDENCE SCHEDULE (+ UPAB CARS) 17.00-07.00 21 % 

   

WEEKENDS 
  

WEEKEND SHOPPING 11.00-18.00 53 % 

RESIDENCE SCHEDULE (+UPAB CARS) All weekend 47 % 

 

3.2.2. Electricity load 

The electricity load of building A-C for 2019 was 695 MWh, this does not include UPABs office nor the 
apartment loads which have separate electricity meters. Figure 7 shows the consumption per hour for the 
whole of 2019.  

 

 

Figure 7: Electricity consumption, 2019 [kWh] 

 

The total electricity consumption in Nanna, building A-C, is divided between twelve end-uses, these are 
presented in Figure 8 along with the share of each end use. The end use named Relax refers to a relax and 
spa area that is in building A. The end use named Telia refers to a Telia server. (Stenvall, 2017) Here, UPABs 
office is included but not the load of the apartments. Heating in this figure represents heating for ramps in 
the garage and heating for gutters and should not be confused for space heating.  
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Figure 8: End use of electricity, based on data from 2015 (Stenvall, 2017) 

 

As can be seen in Figure 8, EV charging was only 2.23% of the total electricity consumption for the building 
in 2015. From the total electricity consumption in 2019 it would account for around 15 MWh.  

 

To get a better understanding of how the electricity consumption looks throughout the year an average 
week for each of the four seasons have been made from the historical data of 2019. This provides a better 
understanding of how the baseloads and peak-loads changes depending on time of the year. Each week is 
based on hourly data from three months and averaged for each hour and day of the week. The resulting 
average weeks of the electricity consumption based on seasons can be seen in Figure 9 to Figure 12.  

 

An average spring week, as seen in Figure 9, has a baseload of around 55 kWh and when it comes to peak-
load its around 36 kWh higher than the base load.  

 

 

Figure 9: Average spring week based on data from March, April and May 
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An average summer week, as seen in Figure 10, has a baseload of around 37 kWh and when it comes to 
peak-load it is around 20kWh higher than the base load which is a bit lower than the increase during an 
average spring week.   

 

 

Figure 10: Average summer week based on data from June, July and August  

 

An average autumn week, as seen in Figure 11, has a baseload of around 55 kWh and when it comes to 
peak-load it is around 35 kWh higher than the base load. Which is a lot like the electricity consumption 
during the average spring week. 

 

 

Figure 11: Average autumn week based on data from September, October and November 
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An average winter week, as seen in Figure 12, has a baseload of around 85 kWh and when it comes to peak-
load it is around 87 kWh higher than the base load. Which means that during peak hours the load has more 
than doubled. This could partly be due to a higher use of lights and heating during winter in Umeå when 
there is a shortage of daylight and a cooler climate. 

 

 

Figure 12: Average winter week based on data from December, January and February 

 

Electricity prices are based on historical data from 2019 per Nord Pool spot prices. (Nord Pool, 2019) The 
spot prices of 2019 can be seen in Figure 13. 

 

 

Figure 13: Spot prices in 2019 (Nord Pool, 2019) 
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3.2.3. District Heating 

The heating of building A and B is through district heating which in 2015 supplied 426 302 kWh to the 
building. Out of these 426 MWh of heating supplied to the building, 117 MWh was used to heat tap-water. 
The power peaks during summers are approximately 90 kW and in winter around 190 kW. Figure 14 depicts 
the consumption for the year 2019.  

 

 

Figure 14: District Heating consumption for the year 2019 

 

3.2.4. Solar Panels 

The owners of the parking garage are planning on installing PV-panels on the rooftop. The production from 
the planned PV-panels will be estimated by Rebase Energy, and the results from their estimations will be 
used as an input data to the model. Rebase Energy will be making estimations based on the projected size of 
the solar plant.  

 

The proposed solar plant will have a total area of 570 m2 consisting of 335 modules. The power of each 
module is 310 W and the peak power of the plant at solar irradiation of 1000 W/m2 is 104.4 kW. The roof 
that the PV-panels will be mounted on is a saddle roof with a slope of 6 degrees. The slope of the roof will 
be used for the panels so they will not be tilted any further.  

 

Based on the above specifications, Rebase Energy have made an estimation of the hourly production. From 
Rebase Energy’s estimation, the electricity production from the PV-panels will be as according to Figure 15. 
The yearly production adds up to 85 MWh which is almost 12% of the yearly consumption in Nanna.  
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Figure 15: Solar production for 2019 

 

All potential overproduced electricity will be sold to the grid at the same spot prices that electricity is 
bought by. (Umeå Energi a), n.d) The spot prices are based on Nord Pool historical data from 2019. (Nord 
Pool, 2019) The average feed-in tariff that will be used for this thesis is 480 SEK/MWh. The estimated cost of 
the solar plant is 1 538 500 SEK. (Hed, 2019) 

 

3.3. Charging Point 
The specifications of the V2G charger for the simulations will be based on ABBs Terra Nova 11J which is not 
yet on the market. The charger has CHAdeMO connection for both charging and discharging with a 
maximum charging power of 11kW and discharging power of 10kW. (CHAdeMO, 2021)  

 

The estimated cost of one charger is between 61 000 and 71 000 SEK (6 000 and 7 000 euros), but this cost is 
not exact due to the product not being on the market yet. The price of the charger will be highly dependent 
on the number of chargers purchased. (Pui Martinez, 2021) There are no estimates for potential operations 
and maintenance (O&M) cost for the specific charger. While maintenance costs are difficult to predict, the 
US department of Energy states that EV-charging station owners should expect at least 400$ annually in 
maintenance costs which corresponds to approximately 3 300 SEK (US Department of Energy, n.d). This 
could be very different in the EU, nonetheless the number will be used as an estimate for this thesis.  

 

The number of charging points will be varied in the scenarios depending on the number of vehicles and this 
will be further explained in chapter 5.  
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4. Simulations/Modelling 
This chapter will go through how the data have been analysed and processed, what tools have been used, 
for what they have been used and how they work. The model and idea behind the simulations will also be 
explained. Finally, the KPIs will be presented that will be used to compare the different scenarios, which are 
presented in chapter 5.   

 

4.1. OPTIMAX® 
OPTIMAX® is an EMS created by ABB to lead the energy transition both in the industrial sector as well as the 
development of smart cities, buildings and transportation. The software can be easily integrated in existing 
infrastructure that is both small and straight forward or large and complex, for example a single building or 
whole cities. OPTIMAX® optimises the energy use and reduces emissions by learning from historical and 
previously calculated data and is in many ways self-regulating. The requirements of the user can be tailored 
to the system so that it optimises based on set objectives, for instance increased renewable fraction without 
risking large variability in the electricity production or lowering emissions. (ABB a), 2021) 

 

OPTIMAX® is an existing optimisation and EMS software that will be used to simulate the different scenarios 
that are chosen for this case study. For the simulations, the components in OPTIMAX® needed for the model 
are in place, although the matter of how to connect the components will be performed by the author of this 
thesis. The data that is needed for the simulation will be processed and analysed before being used to make 
sure it matches with the input-data that the software can handle.  

 

OPTIMAX® gives the option to use three different types of optimisation functions, day-ahead, intra-day and 
real-time. The day-ahead function uses forecasts to optimise the power scheduling for coming days, this 
optimisation is updated every day. With the intra-day optimisation, the optimisation for the power schedule 
occurs every five minutes based on current power-demand, weather data and prices. The last optimisation 
function is the real-time optimisation which occurs every second and is only available when OPTIMAX® is 
used in a real setting and not in simulation mode. For this thesis, where OPTIMAX® will be used in 
simulation mode, the day-ahead optimisation function will be used. The forecasts, in this thesis, will be 
based on the historical data from 2019.  

 

The cost for implementing the OPTIMAX® tool is 15 000 euros with an additional yearly subscription cost of 
5 800 euros which correlates to 152 000 SEK and 59 000 SEK respectively.  

 

4.2. Data Analysis and Treatment 
The data that was presented in chapter 3.2.1, 3.2.2 and 3.2.3 was not provided in the required format and 
some of the data was not as specified as was needed to perform realistic simulations. Therefore, some data 
analysis and data treatment were performed. 

 

The parking garage data that was received was for every 15 minutes over half the year of 2018 and 2020 and 
the whole of 2019. It was therefore decided to only use the data for 2019. The data was needed per every 
hour, so an average of each quarter of every hour was calculated. It was also considered relevant to 
investigate more closely how the parking changed from season to season to see if time of year had a large 
impact on how many people uses the garage. For this, an average week was calculated per every three 
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months by using the built-in pivot tables in Excel. An average was calculated for each hour of each day of the 
week for every season: spring, summer, autumn and winter.  

 

The parking garage data was used in the simulations to impact the availability of EVs. This was done by 
taking an average week for the whole year which was then analysed. Five different schedules where found 
which were explained in chapter 3.2.1.  

 

Regarding the electricity consumption, the total consumption for the whole building was received for every 
hour in the year of 2019. To analyse this data the same idea of looking at the parking data per every season 
was used, this to be able to see how the baseload and peak-loads were affected throughout the year. 
 

4.3. System design and Model 
Figure 16 shows the power flows of the system. Loads are seen to the right and the supply/production is to 
the left. The V2B-charger appears on both sides of the summation since it acts as a prosumer and is 
therefore both a load and a supplier. The grid also appears on both sides to represent the potential 
overproduction from the PV-panels being sold back to the grid.   

 

 

Figure 16: Power flows of the system 

 

The model for the simulations is based on Figure 16. An energy balance is made on the loads and the 
supply/production where the grid works as a regulator where missing electricity is purchased from or excess 
production is sold to so that the summation sign always adds up to zero. The model will calculate the total 
load for each hour and from that the amount of electricity needed from the grid will be calculated 
depending on the solar production and V2B discharge of that hour.  

 

 

Power Flows 



24 
 

As been mentioned, the simulation tool that is used in this thesis is OPTIMAX®. In OPTIMAX®, there is 
different assets that can be added such as PV-generation, EV-charging, battery energy storage systems 
(BESS) and building load. There is no asset for V2X in the tool, so the idea is to use the BESS asset to 
represent the vehicles with V2X capability. The capacity of the BESS will be changed based on the number of 
vehicles available at any given time and their average capacity. The availability of the BESS will be changed 
based on the schedules that was presented in chapter 3.2.1, which will be done by regulating the power 
limit of the BESS. The input data that is needed for the BESS are presented in Table 5. 

 

Table 5: Input data needed for BESS in OPTIMAX® 

Total Capacity [kWh] Based on total number of vehicles and their capacity 

Total Rated power [kW] The charging power of the V2X-charger 

Power limit [kW] Based on scheduling availability and distribution per Table 4 

Maximum SoC [%] Based on literature study 

Minimum SoC [%] Based on literature study 

Charge and Discharge efficiency [%] From V2X-charger specifications 

 

A limit on the grid connection also needs to be included in the model to match the capability of the cables in 
Nanna. The limit set for Nanna and this project is 1 MW.  

 

4.4. Key Performance Indicators 
To compare and evaluate the different scenarios, KPIs have been defined. The KPIs aim at helping both the 
reader and the author of this thesis to see the interlinkages of the different scenarios, as well as being able 
to compare them. The KPIs are presented below both with equations and further explanations. 

 

Equation 2 shows the first KPI, namely Grid independency. This KPI shows how independent the buildings 
electricity consumption is from the local grid.  

 

Equation 2: KPI 1, Grid independency 

𝐺𝑟𝑖𝑑 𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑐𝑦 = 100 ∗ (
𝑇𝑜𝑡𝑎𝑙 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 − 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑏𝑜𝑢𝑔ℎ𝑡 𝑓𝑟𝑜𝑚 𝐺𝑟𝑖𝑑

𝑇𝑜𝑡𝑎𝑙 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 ) [%] 

 

Where the consumption and electricity bought from grid is annually for the building.  

 

Equation 3 shows the second KPI, namely self-consumption from PV. This KPI shows how much of the 
produced electricity from the PV-panels is used in the building.  

 

Equation 3: KPI 3, Self-consumption from PV 

𝑆𝑒𝑙𝑓 − 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 = 100 ∗ (
𝑈𝑠𝑒𝑑 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦𝑃𝑉 

𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑑𝑃𝑉
) [%] 
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Where Used ElectricityPV is the amount of electricity that is annually used from the produced electricity from 
PV and ProducedPV is the total production for one year of the PV-panels.  

 

Equation 4 shows the third KPI, namely energy cost savings. This KPI shows how much savings can be 
achieved in the different scenarios.  

 

Equation 4: KPI 3, energy cost savings 

𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑠𝑡 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 = 100 ∗ (
𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑠𝑡 2019 − 𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑠𝑡

𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑠𝑡 2019 ) [%] 

 

Where Energy cost 2019 is the energy cost per the historical data and Energy cost is the energy cost per each 
scenario. The energy cost of 2019 was 298 900 SEK.  

 

Equation 5 shows the fourth and final KPI, namely Lifecycle Cost (LCC). The lifecycle cost evaluates the total 
cost of a scenario over a specific calculation period which makes it easy to evaluate the financial implication 
of each different scenario.  

 

Equation 5: KPI 4, LCC 

𝐿𝐶𝐶 = 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝑐𝑜𝑠𝑡 +  
1 − (1 + (𝑖 − 𝑝))−𝑛

(𝑖 − 𝑝) ∗ 𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑠𝑡 +
1 − (1 + (𝑖 − 𝑝))−𝑛

(𝑖 − 𝑝) ∗ 𝑂&𝑀 [𝑆𝐸𝐾] 

 

Where i -p is the discount rate and d the calculation period. Table 6 shows the values that will be used in this 
thesis.  

 

Table 6: LCC values 

  

DISCOUNT RATE (I-P) [%] 6 

CALCULATION PERIOD (N) [YEARS] 10 

 

The costs for the different investments and O&M costs are summarised in Table 7. 
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Table 7: Costs for the different investments 

INVESTMENT   

V2B CHARGER – FOR ABB TERRA NOVA 11J  61 000-71 000 SEK 

V2B CHARGER – O&M  3 300 SEK 

OPTIMAX – INSTALLATION COST   151 700 SEK 

OPTIMAX LICENSE COST – YEARLY COST  58 700 SEK 

SOLARPANELS  1 143 552 SEK 

 

To be able to compare the different scenarios to not doing any investment, LCC have been calculated for a 
“Business as Usual”-state where no changes or investments are made. The LCC would then be 2 199 628 SEK 
using the same calculation period and discount rate as presented in Table 6.   
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5. Scenarios 
The following chapter will introduce the three different scenarios that will be used to evaluate the impact 
V2B and the EMS OPTIMAX® could have on the case study building Nanna. The three scenarios will then be 
compared both to each other as well as the historical data from Nanna in 2019. 

 

5.1. Scenario 1: Solar  
The first scenario will only include the introduction of solar panels. This scenario will show how the 
electricity production is affected and how much of the produced electricity needs to be sold back to the grid 
when no storage system is available.  

 

5.2. Scenario 2: Vehicle to Building and OPTIMAX, 2021 
The second scenario is the first scenario where V2B and OPTIMAX is implemented. This scenario will 
consider 10 vehicles and the 10 vehicles owned by UPAB and 20 V2B charging points. The battery capacity of 
each vehicle will be assumed to be 40 kWh since this scenario represents today, where only Nissan Leaf is 
compatible with the technology.  

 

Table 8 shows how the cars are distributed on the different schedules and what max capacity they have 
together.  

 

Table 8: Distribution of cars on the schedules, 2021 

 NUMBER OF VEHICLES TOTAL MAX CAPACITY [KWH] 

W
EE

KD
AY

S Office Schedule 4 160 

Lunch Visitors 4 160 

Residence Schedule 12 480 

W
EE

KE
N

DS
 

Weekend Shopping 6 240 

Residence Schedule 14 560 

 

5.3. Scenario 3: Vehicle to Building and OPTIMAX, 2025 
The third scenario consider 50 vehicles and the 10 vehicles owned by UPAB and 60 V2B charging points. The 
battery capacity of each vehicle will be assumed to be 60 kWh. The battery capacity is based on IEAs 
estimations for 2030 and the capacity of scenario 2. This scenario represents 2025.  

 

Table 9 shows how the cars are distributed on the different schedules and what max capacity they have 
together.  
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Table 9: Distribution of vehicles on the schedules, 2025 

 NUMBER OF VEHICLES TOTAL MAX CAPACITY [KWH] 
W

EE
KD

AY
S Office 

Schedule 
18 1080 

Lunch Visitors 21 1260 

Residence Schedule 21 1260 

W
EE

KE
N

DS
 

Weekend Shopping 27 1620 

Residence Schedule 33 1980 

 

5.4. Scenario 4: Vehicle to Building and OPTIMAX, 2030 
The fourth scenario consider 250 vehicles and the 10 vehicles owned by UPAB and 260 V2B charging points. 
The battery capacity of each vehicle will be assumed to be 80 kWh. The battery capacity is based on IEAs 
estimations for 2030, which is the year this scenario represents.  

 

Table 10 shows how the cars are distributed on the different schedules and what max capacity they have 
together.  

 

Table 10: Distribution of vehicles on the schedules, 2030 

 NUMBER OF VEHICLES TOTAL MAX CAPACITY [KWH] 

W
EE

KD
AY

S Office 
Schedule 

93 7440 

Lunch Visitors 105 8400 

Residence Schedule 62 4960 

W
EE

KE
N

DS
 

Weekend Shopping 133 10640 

Residence Schedule 127 10160 
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6. Results 
This chapter will present the results from the four separate scenarios. The KPIs will be presented for each 
scenario separately. Two weeks in February and two weeks in July have been chosen to display how the 
system is affected during a cold period and a warmer period, figures for these weeks will be shown for each 
scenario. Figures that show the results for the whole year as well as the whole month for February, May, July 
and November can be seen in the Appendix for each scenario. The results in the figures from OPTIMAX are 
all shown in power [kW] but calculated as energy [kWh] when looking at the energy costs.  

 

Looking at the results from each month in Appendix A-D, one can conclude that V2B is mostly utilised during 
spring (May) and autumn (November). During summer (July) V2B is barely utilised at all which could be due 
to a lower overall demand from the building, a higher solar production from the PV-panels and lower 
electricity prices from the grid.  

 

6.1. Scenario 1: Solar  
Figure 17 shows how the electricity bought from the grid has changed with the implementation of solar 
panels compared to the historical data. The generation mix for the solar scenario for the whole year is 85 
MWh solar, 616 MWh grid purchases and 2.17 MWh in grid sales. The average power consumption for the 
whole year is 79.28 kW while the average power from the grid is 70.12 kW and average power from the 
solar panels are 9.75 kW. As can be seen the consumption during summer goes down to zero during several 
hours. During these hours, the production from the panels is higher than the demand and is therefore sold 
to the grid. The total yearly energy cost saving of this scenario is 33 000 SEK. In Appendix A, figures for four 
months as well as a figure for the whole year showing results from this scenario can be seen. 

 

 

Figure 17: Electricity consumption from grid, scenario 1 compared to historical data 

 

Figure 18 to Figure 21 depicts an average week per season for consumption from the grid. For the average 
spring week, the base consumption is reduced from 55 kWh to 48 kWh during the weekdays and on 
weekends to 31 kWh. The peak consumption has been reduced from 92 kWh down to 83 kWh.   
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Figure 18: Average spring week load, scenario 1 

 

For the average summer week, the base consumption is reduced from 37 kWh to 8 kWh. The peak 
consumption has been reduced from 60 kWh down to 56 kWh.   

 

 

Figure 19: Average summer week load, scenario 1 

 

For the average autumn week, the base consumption is reduced from 55 kWh to 53 kWh. The peak 
consumption has not been changed for the average autumn week. 

 

0

10
20

30

40

50

60

70

80

90

00
:0

0
07

:0
0

14
:0

0
21

:0
0

04
:0

0
11

:0
0

18
:0

0
01

:0
0

08
:0

0
15

:0
0

22
:0

0
05

:0
0

12
:0

0
19

:0
0

02
:0

0
09

:0
0

16
:0

0
23

:0
0

06
:0

0
13

:0
0

20
:0

0
03

:0
0

10
:0

0
17

:0
0

Monday Tuesday Wednesday Thursday Friday Saturday Sunday

KW
H

Average Spring week, Solar Scenario

0

10

20

30

40

50

60

00
:0

0
07

:0
0

14
:0

0
21

:0
0

04
:0

0
11

:0
0

18
:0

0
01

:0
0

08
:0

0
15

:0
0

22
:0

0
05

:0
0

12
:0

0
19

:0
0

02
:0

0
09

:0
0

16
:0

0
23

:0
0

06
:0

0
13

:0
0

20
:0

0
03

:0
0

10
:0

0
17

:0
0

Monday Tuesday Wednesday Thursday Friday Saturday Sunday

KW
H

Average Summer week, Solar Scenario



31 
 

 

Figure 20: Average autumn week load, scenario 1 

 

For the average winter week, the base consumption is reduced from 85 kWh to 83 kWh. The peak 
consumption has changed from 172 kWh to 168 kWh. 

 

 

Figure 21: Average winter week load, scenario 1 

 

6.1.1. February 

Figure 22 depicts the results for the first week of February for the solar scenario. The Load is shown as a 
negative value since it is demand, while positive values show generation as well as the electricity prices. 
Figure 23 depicts the last week of February and shows similar results as the first week. The solar production 
is barely noticeable and therefore the grid and the load nearly mirror each other in both figures. The 
maximum power from the solar panels during these two weeks is 16 kW while the maximum power demand 
is 290 kW from the building.  
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Figure 22: First week of February, scenario 1 

 

 

Figure 23: Last week of February, scenario 1 

 

Table 11 shows the maximum and minimum values for the two weeks in February that are shown in the 
figures above.  
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Table 11: Maximum and minimum values for first and last week of February, scenario 1 

 FIRST WEEK OF FEBRUARY LAST WEEK OF FEBRUARY 

 MIN MAX MIN MAX 

SOLAR [KW] 0 14 0 16 

POWER DEMAND [KW] 98 290 65 191 

ELECTRICITY PRICE [SEK/MWH] 423 634 349 494 

POWER FROM GRID [KW] 98 275 65 179 

 

6.1.2. July 

In July when it is warmer and more sun the grid curve and the load curve no longer mirror each other. Figure 
24 and Figure 25 depicts the two weeks in July. The grid curve can also be seen going below zero when the 
solar production is high, this means that electricity is sold to the grid. The maximum power from the solar 
panels during these two weeks is 73 kW while the maximum power demand from the building is 79 kW.  

 

 

Figure 24: First week of July, scenario 1 
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Figure 25: Last week of July, scenario 1 

 

Table 12 shows the maximum and minimum values that can be seen in the figures presented above for July.  

 

Table 12: Maximum and minimum values of first and last week of July, scenario 1 

 FIRST WEEK OF JULY LAST WEEK OF JULY 

 MIN MAX MIN MAX 

SOLAR [KW] 0 73 0 65 

ELECTRICITY DEMAND [KW] 31 65 35 79 

ELECTRICITY PRICE [SEK/MWH] 209 338 283 433 

POWER FROM GRID [KW] – 18 57 – 4 76 

 

6.1.3. KPI results Scenario 1 

Table 13 shows the results for the three KPIs that are used to evaluate the scenarios. The self-consumption is 
high for not having any storage system. This could indicate that the solar plant is under-dimensioned for the 
building’s energy consumption. Which further indicates that the potential to use overproduced electricity to 
charge the cars is low.  
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Table 13: KPI results for Scenario 1 

 RESULT 

KPI 1: GRID INDEPENDENCY 12% 

KPI 2: SELF-CONSUMPTION 97% 

KPI 3: ENERGY COST SAVINGS 11 % 

KPI 4: LCC 3 100 358 SEK 

 

6.2. Scenario 2: Vehicle to Building and OPTIMAX 2021  
The generation mix for scenario 2 for the whole year is 85 MWh solar, 623.11 MWh grid purchases, 9.04 
MWh in grid sales and -4.51 MWh for V2B. The fact that V2B has a negative value means that more 
electricity has been charged to the vehicles than have been discharged to the building. The total grid 
purchases have gone up from scenario 1 which is due to the increase in demand from the EVs. The average 
power consumption for the whole year is 79.28 kW while the average power from the grid is 70.05 kW, the 
average power from the solar panels is 9.75 kW and -0.52 kW from V2B. The total yearly energy cost savings 
that were achieved in scenario 2 is approximately 39 400 SEK. This is an increase from scenario 1 with 6 400 
SEK. In Appendix B, figures for four months as well as a figure for the whole year showing results from this 
scenario can be seen. 

 

6.2.1. February 

Figure 26 shows the results for the grid, load and electricity prices for the first week of February. While 
Figure 27 shows the combined results of the EVs SoC and charge/discharge connected to V2B for the first 
week of February. Figure 26 shows that the grid and load is not mirroring each other as they did in scenario 
2. This is due to the utilisation of the EVs connected to V2B. For Figure 27, a positive value on the power-
curve means that the EVs are discharging to the building while a negative value means that they are 
charging, which means that the overall demand is increasing. There are three occasions of discharge to the 
building and four occasions of charging of the EVs during this week, none of which occur during the 
weekend. The discharges have led to peak shaving of the power demand from the grid as compared to the 
power demand in the building.  

 

 

Figure 26: Grid power, electricity demand and electricity prices, first week of February scenario 2 
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Figure 27: SoC and power of the EVs, first week of February scenario 2 

 

Figure 28 shows the results for the grid, load and electricity prices for the last week of February. While 
Figure 29 shows the combined results of the EVs SoC and charge/discharge connected to V2B for the last 
week of February. Here the EVs connected to V2B are not utilised to the same extent as during the first week 
of February. The grid and load curve nearly mirror each other in Figure 28, and no peak shaving or peak 
shifting is achieved. In Figure 29 there are only three instances seen when V2B is utilised, two discharges in 
the beginning of the week and one smaller charge during the Friday. The larger discharge is most likely due 
to the high electricity prices seen in Figure 28 during the Monday, while the charge occurring on the Friday is 
harder to interpret. The electricity price can be seen reduced slightly, although there are other times during 
the week when they are lower, so could be due to more EVs arriving to the parking garage. The smaller 
discharge seen during the Wednesday is likely due to a small increase in electricity price.  

 

 

Figure 28: Grid power, electricity demand and electricity prices, last week of February scenario 2 
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Figure 29: SoC and power of the EVs, last week of February scenario 2 

 

Table 14 presents the maximum and minimum values for the two weeks in February for scenario 2 as well as 
the values for scenario 1 to be able to see the differences.  

 

Table 14: Maximum and minimum values for the two weeks of February, scenario 2 

 FIRST WEEK OF FEBRUARY LAST WEEK OF FEBRUARY 

 MIN MAX MIN MAX 

SOLAR [KW] 0 14 0 16 

ELECTRICITY DEMAND [KW] 98 290 65 191 

ELECTRICITY PRICE [SEK/MW] 423 634 349 494 

 OPTIMAX No OPTIMAX OPTIMAX No OPTIMAX 

 MIN MAX MIN MAX MIN MAX MIN MAX 

POWER FROM GRID [KW] 98 237 98 275 60 237 65 179 

V2B [KW] – 44 44 - - – 76 29 - - 

 

6.2.2. July 

Figure 30 shows the results for the grid, load and electricity prices for the first week of July. While Figure 31 
shows the combined results of the EVs SoC and charge/discharge connected to V2B for the first week of July. 
Here, V2B is only utilised during the Monday when the electricity prices are at their highest. One could have 
assumed that the EVs would have been utilised to store the excess from the solar panels, although during 
these times the electricity prices is high so the financial incentive to sell it to the grid is greater.  
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Figure 30: Grid power, electricity demand and electricity prices, first week of July scenario 2 

 

 

Figure 31: SoC and power of the EVs, first week of July scenario 2 

 

Figure 32 shows the results for the grid, load and electricity prices for the last week of July. While Figure 33 
shows the combined results of the EVs SoC and charge/discharge connected to V2B for the last week of July. 
A similar result is seen, as for the first week of July, with V2B only being utilised during two occasions. Once 
to discharge to the grid when the electricity price has slightly gone up and once to charge when the 
electricity price has dropped with almost 100 SEK/MWh. 

 

 

Figure 32: Grid power, electricity demand and electricity prices, last week of July scenario 2 
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Figure 33: SoC and power of the EVs, last week of July scenario 2 

 

Table 15 presents the maximum and minimum values for the two weeks of July for both scenario 1 and 
scenario 2 for comparison.  

 

Table 15: Maximum and minimum values for the two weeks of July, scenario 2 

 FIRST WEEK OF JULY LAST WEEK OF JULY 

 MIN MAX MIN MAX 

SOLAR [KW] 0 73 0 65 

ELECTRICITY DEMAND [KWH] 31 65 35 79 

ELECTRICITY PRICE [SEK/MWH] 209 338 283 433 

 OPTIMAX No OPTIMAX OPTIMAX No OPTIMAX 

 MIN MAX MIN MAX MIN MAX MIN MAX 

POWER FROM GRID [KW] – 35 57 – 18 57 – 22 174 – 4 76 

V2B [KW] 0 44 - - – 125 30 - - 

 

 

6.2.3. KPI results for Scenario 2 

Table 16 presents the results for the four KPIs for scenario 2. The first thing to mention is KPI 1 that have 
been decreased compare to the solar scenario. This is due to the lack of overproduced electricity that 
normally would have been used for the vehicles connected to V2B, but instead electricity have been 
purchased from the grid when the prices are low and then used for the demand or sold back when the price 
is higher. KPI 2 have already in scenario 2 reached 100%, where only 20 vehicles are utilised for V2B, which is 
a further indication that more solar panels would be needed to reach any sort of financial viability. 
Regarding KPI 4 the increase is almost 4 MSEK compared to not making any investment and still the energy 
cost savings, KPI 3, are 13%. 
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Table 16: Results KPIs, scenario 2 

 RESULTAT 

KPI 1 – GRID INDEPENDENCY 10 % 

KPI 2 – SELFCONSUMPTION 100 % 

KPI 3 – ENERGY COST SAVINGS 13 % 

KPI 4 – LCC 6 024 710 SEK 

 

6.3. Scenario 3: Vehicle to Building and OPTIMAX, 2025  
The generation mix for scenario 3 for the whole year is 85 MWh solar, 696.45 MWh grid purchases, 65.16 
MWh in grid sales and -15.96 MWh for V2B. The average power consumption for the whole year is 79.28 kW 
while the average power from the grid is 71.36 kW, average power from the solar panels 9.75 kW and -1.83 
kW from V2B. The total yearly energy cost savings that were achieved in scenario 3 is approximately 49 300 
SEK. Which is an increase from both scenario 1 and scenario 2.  In Appendix C, figures for four months as 
well as a figure for the whole year showing results from this scenario can be seen. 

 

6.3.1. February 

Figure 34 shows the results for the grid, load and electricity prices for the first week of February. While 
Figure 35 shows the combined results of the EVs SoC and charge/discharge connected to V2B for the first 
week of February. For this scenario, where there are more EVs available and hence more storage capacity, 
the small discharge that could be seen in the beginning of the week in scenario 2 is now considerably larger. 
This discharge is due to the high electricity price. Compared to scenario 2 that had three occasions of 
discharge and four occasions of charging scenario 3 instead have four occasions of discharge and five 
occasions of charge. Therefore, a higher rate of peak shaving and some peak shifting can be achieved.   

 

 

Figure 34: Grid power, electricity demand and electricity prices, first week of February scenario 3 
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Figure 35: SoC and power of the EVs, first week of February scenario 3 

 

Figure 36 shows the results for the grid, load and electricity prices for the last week of February. While 
Figure 37 shows the combined results of the EVs SoC and charge/discharge connected to V2B for the last 
week of February. For this week in scenario 3, V2B is utilised both to cover electricity demand in Nanna but 
also to charge the vehicles when prices are low and to sell when the prices are high. A large discharge can be 
seen in the beginning of the week, similar to scenario 2, when the electricity price is high. Towards the end 
of the week when the electricity price have dropped slightly the EVs are being charged, the first occasion is 
due to the SoC being down at 30 % which is the lowest it is allowed to be. The second is due to the low 
electricity price.  

 

 

Figure 36: Grid power, electricity demand and electricity prices, last week of February scenario 3 

 

 

Figure 37: SoC and power of the EVS, last week of February scenario 3 
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Table 17 presents the maximum and minimum values for the two weeks in February that have been shown 
in the figures above as well as the scenario 1. 

 

Table 17: Maximum and minimum values for the two weeks in February, scenario 3 

 FIRST WEEK OF FEBRUARY LAST WEEK OF FEBRUARY 

 MIN MAX MIN MAX 

SOLAR [KW] 0 14 0 16 

ELECTRICITY DEMAND [KW] 98 290 65 191 

ELECTRICITY PRICE 
[SEK/MWH] 

423 634 349 494 

 OPTIMAX No OPTIMAX OPTIMAX No OPTIMAX 

 MIN MAX MIN MAX MIN MAX MIN MAX 

POWER FROM GRID [KW] – 219 223 98 275 – 109 223 65 179 

V2B [KW] – 118 429 - - – 116 198 - - 

 

6.3.2. July 

Figure 38 shows the results for the grid, load and electricity prices for the first week of July. While Figure 39 
shows the combined results of the EVs SoC and charge/discharge connected to V2B for the first week of July. 
Compared to scenario 2 during the first week of July, here V2B is utilised during five occasions instead of 
only once. There are two larger discharges occurring to cover both load and to sell to the grid, once in the 
beginning of the week and once during the Sunday. One larger charge can be seen during the Sunday when 
the electricity price is dropping slightly. The price is lower at other occasions when vehicles are not charged, 
so this charge is also to be able to discharge a larger amount in the afternoon on the Sunday.  

 

 

Figure 38: Grid power, electricity demand and electricity prices, first week of July scenario 3 
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Figure 39: SoC and power of the EVs, first week of July scenario 3 

 

Figure 40 shows the results for the grid, load and electricity prices for the last week of July. While Figure 
41shows the combined results of the EVs SoC and charge/discharge connected to V2B for the last week of 
July. During this week V2B is only utilised three times, one small discharge followed by a small charge and 
one larger occasion of charging towards the end of the week when the electricity price has dropped with 
almost 150 SEK/MWh.  

 

 

Figure 40: Grid power, electricity demand and electricity prices, last week of July scenario 3 

 

 

Figure 41: SoC and power of the EVs, last week of July scenario 3 
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Table 18 presents the maximum and minimum values that can be seen in the above figures for scenario 3 as 
well as the maximum and minimum values for scenario 1 for comparison.  

 

Table 18: Maximum and minimum values for the two weeks of July, scenario 3 

 FIRST WEEK OF JULY LAST WEEK OF JULY 

 MIN MAX MIN MAX 

SOLAR [KW] 0 73 0 65 

ELECTRICITY DEMAND [KW] 31 65 35 79 

ELECTRICITY PRICE 
[SEK/MWH] 

209 338 283 433 

 OPTIMAX No OPTIMAX OPTIMAX No OPTIMAX 

 MIN MAX MIN MAX MIN MAX MIN MAX 

POWER FROM GRID [KW] – 340 223 – 18 57 – 4 223 – 4 76 

V2B [KW] – 226 351 - - – 214 9 - - 

 

6.3.3. KPI Results Scenario 3  

Table 19 presents the results for the four KPIs used to evaluate the different scenarios, for scenario 3. KPI 1 
is for this scenario, show a negative result which indicates that more electricity has been bought from the 
grid compared to the electricity demand in Nanna. KPI 3 shows a result of 16% which indicates that even if 
more electricity than demanded have been bought there have been more savings than both scenario 1 and 
scenario 2 which is due to electricity being bought when prices are low and sold when prices are high. The 
LCC, KPI 4, for scenario 3 is once again increased from scenario 1 and scenario 2, and from the LCC based on 
the historical data from 2019 the increase is 6 MSEK.   

 

Table 19: Results KPIs, scenario 3 

 RESULTAT 

KPI 1 – GRID INDEPENDENCY – 1 % 

KPI 2 – SELF CONSUMPTION 100 % 

KPI 3 – ENERGY COST SAVING 16 % 

KPI 4 – LCC 8 354 180 SEK 

 

6.4. Scenario 4: Vehicle to Building and OPTIMAX, 2030 
The generation mix for scenario 4 for the whole year is 85 MWh solar, 857.21 MWh grid purchases, 201.20 
MWh in grid sales and -34.95 MWh for V2B. The fact that V2B has a negative value means that more 
electricity has been charged to the vehicles than have been discharged to the building or the grid. The 
average power consumption in the building for the whole year is 79.28 kW while the average power from 
the grid is 73.54 kW, the average power from the solar panels is 9.75 kW and -4.00 kW from V2B. The total 
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yearly energy cost savings that were achieved in scenario 4 is approximately 54 500 SEK. This is the largest 
energy cost savings achieved compared to the other scenarios. In Appendix D, figures for four months as 
well as a figure for the whole year showing results from this scenario can be seen. 

 

6.4.1. February 

Figure 42 shows the results for the grid, load and electricity prices for the first week of February. While 
Figure 43 shows the combined results of the EVs SoC and charge/discharge connected to V2B for the first 
week of February. Four occasions of discharge can be seen and seven occasions of charging. The grid limit of 
1 MW is almost reached in the beginning of the week when electricity is sold to the grid from the EVs, while 
also fully covering the load. Both peak shaving and peak shifting is achieved which can be seen when 
comparing the grid- and load-curve.  

 

 

Figure 42: Grid power, electricity demand and electricity prices, first week of February scenario 4 

 

 

Figure 43: SoC and power of the EVs, first week of February scenario 4 

 

Figure 44 shows the results for the grid, load and electricity prices for the last week of February. While 
Figure 45 shows the combined results of the EVs SoC and charge/discharge connected to V2B for the last 
week of February. A similar behaviour as was seen for the first week of February can be seen here. A large 
discharge occurs in the beginning of the week almost utilising the full grid limit. Towards the end of the 
week another discharge occurs to cover both load and to sell to the grid followed by three occasions where 
the EVs are being charged.  
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Figure 44: Grid power, electricity demand and electricity prices, last week of February scenario 4 

 

 

Figure 45: SoC and power of the EVs, last week of February scenario 4 

 

Table 20 presents the maximum and minimum values for the two weeks in February for scenario 4 and 
scenario 1 for comparison.  

  

Table 20: Maximum and minimum values for the two weeks of February, scenario 4 

 FIRST WEEK OF FEBRUARY LAST WEEK OF FEBRUARY 

 MIN MAX MIN MAX 

SOLAR [KW] 0 14 0 16 

ELECTRICITY DEMAND [KW] 98 290 65 191 

ELECTRICITY PRICE [SEK/MWH] 423 634 349 494 

 OPTIMAX No OPTIMAX OPTIMAX No OPTIMAX 

 MIN MAX MIN MAX MIN MAX MIN MAX 

POWER FROM GRID [KW] – 840 223 98 275 – 746 223 65 179 

V2B [KW] – 118 1 023 - - – 134 849 - - 
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6.4.2. July 

Figure 46 shows the results for the grid, load and electricity prices for the first week of February. While 
Figure 47 shows the combined results of the EVs SoC and charge/discharge connected to V2B for the first 
week of February. During this week, the grid limit is fully utilised when the electricity prices are high, the EVs 
are discharged to both cover load and to sell to the grid. Later in the week three occasions of charging can 
be seen when electricity prices are dropping, although there are occasions when the prices are lower and no 
charging occurs. This could be due to EVs arriving in the parking garage in need of charging at that instance 
and not related to the electricity prices themselves.  

 

 

Figure 46: Grid power, electricity demand and electricity prices, first week of July scenario 4 

 

 

Figure 47: SoC and power of the EVs, first week of July scenario 4 

 

Figure 48 shows the results for the grid, load and electricity prices for the first week of February. While 
Figure 49 shows the combined results of the EVs SoC and charge/discharge connected to V2B for the first 
week of February. For this week, there are one occasion in the middle of the week with a small discharger 
and four occasions of charging during the end of the week. Those charges are not utilised for discharge in 
the building nor the grid.    
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Figure 48: Grid power, electricity demand and electricity prices, last week of July scenario 4 

 

 

Figure 49: SoC and power of the EVs, last week of July scenario 4 

 

Table 21 presents the maximum and minimum values shown in the figures presented in the figures above 
for the two weeks in July for scenario 4 as well as for scenario 1 for comparison.   

 

Table 21: Maximum and minimum values for the two weeks of July, scenario 4 

 FIRST WEEK OF JULY LAST WEEK OF JULY 

 MIN MAX MIN MAX 

SOLAR [KW] 0 73 0 65 

ELECTRICITY DEMAND [KW] 31 65 35 79 

ELECTRICITY PRICE [SEK/MWH] 209 338 283 433 

 OPTIMAX No OPTIMAX OPTIMAX No OPTIMAX 

 MIN MAX MIN MAX MIN MAX MIN MAX 

POWER FROM GRID [KW] – 1000 223 – 18 57 – 10 223 – 4 76 

V2B [KW] – 226 1014 - - – 214 15 - - 
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6.4.3. Results for KPIs, Scenario 4 

Table 22 presents the KPI results for scenario 4. Like scenario 3, scenario 4 have a negative result for KPI 1 
which indicates a larger electricity consumption than electricity demand which for this scenario is 
considerably higher than for scenario 3. Nonetheless, KPI 3 still show a positive result while also being 
higher than scenario 3. The LCC is more than double the LCC of both scenario 2 and scenario 3.  

 

Table 22: Results KPIs, scenario 4 

 RESULTAT 

KPI 1 – GRID INDEPENDENCY – 24 % 

KPI 2 – SELFCONSUMPTION 100 % 

KPI 3 – ENERGY COST SAVINGS 18 % 

KPI 4 – LCC 20 554 180 SEK 
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7. Discussion/Analysis 
Since OPTIMAX optimise by finding the smallest overall energy cost, the system increases its grid purchases 
when the storage capacity is high and the electricity prices are low. This means that the overall energy 
consumption is increased, it could therefore be argued that it is detrimental to the environment since 
energy consumption should be aimed at being reduced. The electricity used to charge the EVs are also used 
for transportation and not only to help the building with its electricity costs.  Since the system buys more 
electricity when the prices are low it is likely that the overall demand in the grid is low and that the supply is 
high. Consequently, it could be helpful for the grid with implementations such as V2X. Furthermore, when 
the prices are high, the opposite is applicable. This means that a building with V2B could be beneficial to 
alleviate stress on the grid and the electricity supplier when one aims at buying during low prices and selling 
during high prices, although it could be argued that this means the technology is verging over towards V2G 
instead of V2B.  

 

The greatest obstacle for the technology of V2X is that it is new and therefore also expensive to implement. 
A V2X charger from ABB costs between 61 000 -71 000 SEK per unit, provided that between 500 and 2 000 
chargers are purchased. In a smaller quantity, one would have to pay almost 130 000 SEK per charger. This 
could be compared to the pricing for a normal EV charger that could cost anything between 5 000 to 50 000 
SEK depending on the type.  

 

Almost all the scenarios showed large grid sales during the Monday where the electricity price, independent 
of the season, seemed to be at its highest. The three scenarios, two to four, with both V2B and OPTIMAX® 
demonstrate interesting results where the grid independency is decreased compared to scenario 1, despite 
that the energy cost savings are decreased. The implementation of V2B and OPTIMAX® makes it possible to 
shift the grid-purchases to when the electricity prices are low and the grid sales when the electricity prices 
are high which is not possible in scenario 1 where no BESS or optimisation system is available. OPTIMAX’s 
main objective is to reduce costs as much as possible which is observed while the grid purchases 
simultaneously increase for scenario 3 and scenario 4.  

 

7.1. Scenario 1: Solar  
The scenario with only the solar panels implemented has a very high self-consumption which is usually quite 
low when no storage system is available. This could, as was mentioned in the results, indicate an under-
dimensioned PV-plant. KPI 2, which shows the grid-independency, further indicates this since the 
percentages is relatively low. Therefore, it could, already after simulating this scenario, be stated that the 
implementation of OPTIMAX® and V2B likely will not be financially feasible due to the lack of 
overproduction from the solar panels. With a higher degree of overproduced electricity, the system would 
have more free energy to store in the EVs instead of having to buy from the grid. This would then mean that 
the energy consumption most likely would decrease.   

 

As anticipated, the consumption from the grid during the average summer week had the biggest change 
compared to the historical data. This, due to the solar production being at its highest in summer and the 
electricity demand at its lowest. In this scenario, there is only peak shaving achieved since there is no 
battery storage or optimisation available, which is what enables peak shifting. In conclusion, the most 
noticeable peak shaving is seen during the summer months.  
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7.2. Scenario 2: Vehicle to Building and OPTIMAX®, 2021 
The second scenario being simulated considered 20 vehicles with the capability of V2X, this could be a 
realistic assumption considering Nissan Leaf is one of Sweden’s top five most popular EVs on the market 
today. The results show that the scenario is not financially feasible when using a 10-year calculation period, 
since the LCC have increased with almost 4 MSEK compared to not making an investment. Had the solar 
plant considered for the roof been larger, or the overall energy demand in Nanna smaller, the scenario could 
potentially be financially feasible. This since there would be a greater opportunity to use the free electricity 
produced from the solar panels to charge the vehicles.  
 

7.3. Scenario 3: Vehicle to Building and OPTIMAX®, 2025 
Scenario three shows a negative impact on KPI 1, which indicates that more electricity than required in 
Nanna is purchased. Thus, the impact on the grid is more strenuous than if no investment was made. 
Although, the electricity is often purchased at low cost and sold at high cost which, if a larger system 
perspective was used in this thesis it might have showed an alleviation in the grid, for instance if V2G was 
investigated instead of V2B. 
 

7.4. Scenario 4: Vehicle to Building and OPTIMAX®, 2030 
The final scenario has a large storing capacity which is not required when the solar production is as low as in 
this thesis. Even scenario 2, which only considers 20 vehicles, has too large a storing capacity for the small 
amount of electricity produced from the solar panels. With a storing capacity such as the one in this 
scenario it would be more interesting to investigate the concept of V2G more closely and to involve the local 
electricity company, in this case Umeå Energi, and the municipality. The potential for creating several energy 
hubs that can help alleviate the grid and supply both frequency regulation and peak power supply could be 
greater, if not only focusing on one building. This would also mean that the costs, which today are very high 
when it comes to the infrastructure needed for V2X, could be spread out over several companies. This have 
the potential to increase financial feasibility of the project.  
  

7.5. Weaknesses 
When an EMS is used in buildings the motivation is often to reduce the overall energy consumption. In this 
thesis, this aspect has been left out for a few different reasons. One being that the building owner is 
conducting an energy mapping to see where the energy consumption can be reduced. OPTIMAX, the EMS 
used for this thesis to simulate the scenarios, is usually used in real contexts and is connected to the 
buildings in such a way that it could reduce energy consumption. However, in this thesis, the historical 
energy consumption has instead been used as a static input and not as something that can be reduced. 
Rather than analysing the reduction in energy consumption, the author of this thesis focused on the energy 
cost reduction due to OPTIMAX’s main objective is to reduce the overall cost of the system. To move towards 
more peak shaving and peak shifting one would therefore have to change the objective of OPITMAX®. This 
would then also lead to less energy consumption than was seen for example scenario 3 and 4 where KPI 1, 
grid independency, became negative. Also, if OPTIMAX® was implemented in the building it is likely that 
energy savings could be achieved.  

 

The motivation behind reducing energy consumption and increasing renewables is mainly environmental 
and to reduce costs. Therefore, it would have been of interest to investigate the impact of CO2 reductions as 
a KPI for the three scenarios in this thesis. Although, investigation of CO2 emissions always poses several 
obstacles. In the setting of this thesis, where the case study is conducted in Umeå, one of the difficulties is 
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the fact that the electricity from Umeå Energi is 100% renewable. (Umeå Energi b), n.d) Another aspect of 
investigation of CO2 emissions within the subject of EVs and the use of V2X is the difficulties to predict 
where the EVs have charged previously. It could hypothetically be at home where solar panels are used to 
charge the vehicle or even in a different city where the electricity is not 100% generated from renewables. 
Although electricity production occurs locally, it is not restricted to that area which further complicates the 
analysis of CO2 emissions. Furthermore, the effect of increased use of EVs as opposed to petrol or diesel 
vehicles which would reduce the CO2 emissions could also be considered. Due to having to make many 
assumptions to calculate the CO2 emissions, and therefore presumably ending up with unrealistic results, 
the KPI of CO2 emissions were not used in this thesis. 

 

The choice of KPI 4 posed similar issues as the CO2 emissions. The issues mainly occurred since the scenarios 
created for this thesis are all based on data from 2019 and only simulated for one year. This led to having to 
make assumptions, which include a risk to decrease the validity of the cost evaluation of the different 
scenarios. 

 

Regarding the solar production received from Rebase Energy it is possible it could be deviant from the 
reality. This is due to the model that Rebase Energy used to estimate the production did not include snow 
data. With Umeå being a city in the north of Sweden, the likelihood of there never being snow on the panels 
is very low. If a large effort is put in to clearing the panels during snowy periods, the estimated production 
could also be improved due to added reflection from the snow around the panels.  

 

The three scenarios that were created with V2B and OPTIMAX ®include estimations on how many vehicles 
will be parked in the garage of Nanna with the capability of V2X. These estimations are based on the 
number of parking spaces available in the garage and have no anchoring to the number of vehicles with this 
capability in Umeå as of now. With the development of EVs with V2X capability being quite slow and only 
one car model on the market today, it is difficult to make realistic assumptions. To attain appropriate data, 
the number of EVs for these three scenarios was chosen in collaboration with Umeå Kommun, Umeå Energi 
and UPAB.  

 

The model used in this thesis was designed so that all the cars were simulated as one BESS, where the 
power limit was adjusted based on the availability from the schedule shown in Table 4. Consequentially, it 
means that one cannot see the effect of an individual EV on the system nor the effect on the EV itself. This 
could be an interesting aspect to take into consideration in future studies. 
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8. Conclusions and Further work 
The highest energy cost savings that was achieved with V2B and OPTIMAX® in the case study investigated in 
this thesis was 54 500 SEK, as concluded in scenario 4. The results presented in this thesis shows that both 
peak shaving and peak shifting can be achieved by using V2B. Although, to achieve even more peak shaving 
and peak shifting the aim of OPTIMAX might have to be changed to focus more on that rather than reducing 
energy costs. Even though peak shaving and peak shifting is achieved for some occasions, the peak grid 
intake has increased for some of the weeks that have been presented in the results section. This is one of 
the trade-offs that was seen when OPTIMAX was used together with V2B.  Although, the average power 
from the grid has been decreased compared to the historical data. 

 

The most significant takeaway from this thesis is that the technology of V2X remains too expensive to be 
financially feasible. It did, nonetheless, reduce the yearly energy cost for the case study building when 
utilised together with OPTIMAX®. This indicates that the technique in the future, hold opportunities to 
become very valuable. It could also be concluded that the self-production of electricity in the building 
investigated requires a higher fraction compared to the demand than the solar production provided in this 
thesis.  

 

As was discussed in chapter 7 of this thesis, the impacts of CO2 emissions are difficult to analyse in this 
thesis. However, it would be interesting to conduct a deeper investigation on how V2B and V2G could 
impact the emissions from both the transport sector and the building sector. This would be an interesting 
future study since the penetration of EVs in Sweden and the world is constantly increasing.  

 

To fully see the trade-offs and synergies between V2B and OPTIMAX a scenario with only V2B and a separate 
control algorithm would be needed. This could be a future investigation with not only OPTIMAX®, there are 
other EMS and optimisation tools available on the market that could be used to be compared with 
OPTIMAX®.   
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Appendix A – Scenario 1: Solar Panels 

 

Figure 1: Results Scenario 1, whole year 
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February 

 
Figure 2: Results Scenario 1, whole of February 
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May 

 

Figure 3: Results Scenario 1, whole of May 
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July 

 
Figure 4: Results Scenario 1, whole of July 
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November 

 
Figure 5: Results Scenario 1, whole of November 
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Appendix B – Scenario 2: Vehicle to Building and OPTIMAX, 2021  

 
Figure 6: Results V2B and OPTIMAX Scenario 2, whole year 
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Figure 7: Results V2B and OPTIMAX Scenario 2 grid, whole of February 
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Figure 8: Results V2B and OPTIMAX Scenario 2, whole of February 

 
Figure 9: Results V2B and OPTIMAX Scenario 2 V2B characteristics, whole of February 
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Figure 10: Results V2B and OPTIMAX Scenario 2 grid, whole of May 

 

Figure 11: Results V2B and OPTIMAX Scenario 2, whole of May 



  

66 
  

 
Figure 12: Results V2B and OPTIMAX Scenario 2 V2B characteristics, whole of May 

July 

 

Figure 13: Results V2B and OPTIMAX Scenario 2 grid, whole of July 
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Figure 14: Results V2B and OPTIMAX Scenario 2, whole of July 

 
Figure 15: Results V2B and OPTIMAX Scenario 2, V2B characteristics, whole of July 
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November 

 
Figure 16: Results V2B and OPTIMAX Scenario 2 grid, whole of November 

 

Figure 17: Results V2B and OPTIMAX Scenario 2, whole of November 
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Figure 18: Results V2B and OPTIMAX Scenario 2 V2B characteristics, whole of November  
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Appendix C – Scenario 3: V2B and OPTIMAX, 2025 

 
Figure 19: Results V2B and OPTIMAX Scenario 3, whole year 
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February 

 
Figure 20: Results V2B and OPTIMAX Scenario 3 grid, whole of February 

 
Figure 21: Results V2B and OPTIMAX Scenario 3, whole of February 
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Figure 22: Results V2B and OPTIMAX Scenario 3, V2B characteristics, whole of February 

May 

 
Figure 23: Results V2B and OPTIMAX Scenario grid case 2, whole of May 
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Figure 24: Results V2B and OPTIMAX Scenario 3, whole of May 

 
Figure 25: Results V2B and OPTIMAX Scenario 3V2B characteristics, whole of May 
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Figure 26: Results V2B and OPTIMAX Scenario 3 grid, whole of July 

 

Figure 27: Results V2B and OPTIMAX Scenario 3, whole of July 
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Figure 28: Results V2B and OPTIMAX Scenario 3, V2B characteristics, whole of July 

November 

 
Figure 29: Results V2B and OPTIMAX Scenario 3 grid, whole of November 
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Figure 30: Results V2B and OPTIMAX Scenario 3, whole of November 

 
Figure 31: Results V2B and OPTIMAX Scenario 3 V2B characteristics, whole of November 
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Appendix D – Scenario 4: V2B and OPTIMAX, 2030 

 
Figure 32: Results V2B and OPTIMAX Scenario 4, whole year 
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Figure 33: Results V2B and OPTIMAX Scenario 4 grid, whole of February 

 
Figure 34: Results V2B and OPTIMAX Scenario 4, whole of February 
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Figure 35: Results V2B and OPTIMAX Scenario 4, V2B characteristics, whole of February 

May 

 

Figure 36: Results V2B and OPTIMAX Scenario 4 grid, whole of May 
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Figure 37: Results V2B and OPTIMAX Scenario 4, whole of May 

 
Figure 38: Results V2B and OPTIMAX Scenario 4 V2B characteristics, whole of May 

  



  

81 
  

July 

 
Figure 39: Results V2B and OPTIMAX Scenario 4 grid, whole of July 

 
Figure 40: Results V2B and OPTIMAX Scenario 4, whole of July 
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Figure 41: Results V2B and OPTIMAX Scenario 4, V2B characteristics, whole of July 

November 

 

Figure 42: Results V2B and OPTIMAX Scenario 4 grid, whole of November 
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Figure 43: Results V2B and OPTIMAX Scenario 4, whole of November 

 

 

Figure 44: Results V2B and OPTIMAX Scenario 4, V2B characteristics, whole of November 
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