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Abstract

This thesis explores the solar production potential of Stavangerregionen Havn and Risavika and
its possible contribution to the local energy challenges within the Elnett21 projects, that arises
with the transport electrification strategy from the Norwegian government. The aim of this
study is first to show the solar electricity generation potential for the given buildings and then
investigate an economic long-term performance of those projects. Furthermore, will be
explored how the integration of local produced electricity can be supported by battery storage

systems.

The thesis uses a Mixed-Method approach which gives the option to explore qualitatively the
possibilists and challenges of the concept of system decentralization, decentral solar production
and battery storage. Additionally, is through the utilisation of the K2 and PVsyst software the
simulated electricity generation potential explored on which bases the quantitative analysis and

economic evaluation is executed.

Our analysis shows that Stavangerregionen Havn and Risavika have great electricity production
potential which could be utilised. Furthermore, gives the economic long-term evaluation a
positive output for the Ferry-Terminal as main case study object.

We concluded that through the development of local generated solar electricity and the
utilisation of battery storage significant contribution towards Elnett21 and the challenges are
possible. Dependent on the size of future solar production and battery storage capacity can the

contribution be bigger or smaller.
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1. Introduction

The ongoing debate and increasing awareness of the current climate crises have spread further
within society, industry, and politics. This has led to the development of new strategies on how
a more sustainable future society can and should look. In addition, the signing of the Paris
Agreement across the world has shown that countries must be more engaged and act more
determined to hold the agreement. One key element thereby is the reduction of greenhouse
gases across the society and industry.

One crucial element in this debate is the question of how the future transport sector and societies
mobility will look while in present times is heavily relied on fossil fuels. The transport sector
is comprised of all the means of transportation that are globally in daily use. Private transport,
public transport, plane, and boat transport are there the key means that must make substantial
progress. Considerable progress is currently done within the private and public transport sector
through the introduction of electric vehicles and electric bus fleets. Whereas development in
heavy transport such as trucks, shipping or air traffic are notably hesitant.

This hesitance is related to three main challenges. Firstly, the availability of technology that
could supplement the high energy density needed for ships and aircrafts. Secondly, the
availability of infrastructure that would be able to provide that energy. Lastly, the availability
of the energy itself is in many cases a factor that hinders such a transition towards more
sustainable transport installation.

The country that noticeably has made improvements towards a more sustainable transportation
in recent years is Norway with the huge support of electric vehicles. The political support and
the almost abundant access to renewable electricity through hydropower gives the opportunity
to pursue the restructuring of the transport sector in many stages. Such a restructuring and
resulting reductions in Norway, where the transport sector accounts 2019 for 30% of the

countries GHG could be significant contribution to their own targets (SSB, 2019). Those
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emissions targets are set to a reduction of 50% by 2030 outgoing from the 1990 emission level
which are in line with the EU targets (Klimaavdelingen, 2020).

To pursue those targets, strategies connected to the electrification of the transport sector and
society gain substantial assistance. The new transport plan for 2018-2029 gives the direction to
establish “A transport system that is safe, enhance value creation and contributes to a low-
carbon society” (Norwegian Ministry of Transport and Communications, 2018, p. 13).

For the regional level a strategy like this is a significant challenge for the present infrastructure.
As a result of national and regional challenges plans emerge and projects are initiated from
local actors to develop a reliable future system. One of these regional development projects is
Elnett21 and part of the electrification development of the Stavanger region. The research case
of this study Stavangerregionen Havn is a part of the Elnett21 project and a crucial element for
this development. This thesis aims therefore to address the key research question: How much
can Stavangerregionen Havn and Risavika benefit from development of own solar production

and installation of battery storage and contribute to Elnett21?

1.1. Background of the Problem

A recent report from Energi Norge points out that the share of renewables within the whole
transport sector is around 14% in Norway (EnergiNorge, 2020). Therefore, the transport sector
still has huge potential in greenhouse gas reduction through renewable energy sources. Reduced
or emission free transport will therefore need a comprehensive level of electrification of the
whole sector from the charging of more electric vehicles, aircrafts, busses and ships. Hence,
will demand for electricity in Norway and the grid load increase significantly.

The highest measured consumption in the Stavanger region is 1300 MW and could increase by
600 MW which corresponds to the same size of 120.000 homes according to Lyse Elnett

(Elnett21, 2020b). With current utility patterns of the grid infrastructure and energy system it
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is, however, not possible to provide this extra energy and capacity. To avoid expensive
upgrading of grid infrastructure and still build a smart future directed energy system, Elentt21
a large-scale demonstration project is launched (Elnett21, 2020c).

Elnett21 should demonstrate a robust future solution for emission free, electric transport and
contribute to meet future energy demand from the Stavanger region. It should show that local
incentives and regional cooperation can increase efficiency of energy consumption with smart
steering, increase security of supply, increase the capacity of the grid without big investments
for grid expansion (Avinor, 2019). Especially, the cooperation between the main consumption
hubs, the Stavangerregionen Havn, Forus Neeringspark, AVINOR and their partners Lyse Elnett
and Smartly becomes important. Main action points of the cooperation are to increase short,
locally traveled energy and electricity production, energy storage, smart distribution through
micro-grids and develop new business models (Elnett21, 2020c).

New energy and electricity production are mostly related to the expansion Solar cell, local wind,
and district heating from Lyse Neo. Energy storage will mainly be related to chemical or organic
battery storage as from the local battery company Beyonder which is under development. These
are produced with sand and woodchip which have a significant lower greenhouse gas footprint
than commercial batteries (Elnett21, n.d.-a). Smart distribution and management of energy and
electricity in and between the cooperation partners as model to more effective and optimal
resource usage. Through this cooperation and smart system development, outdated business
models are replaced or updated to a future-proof structure. Stavanger airport points out the goal
to be self-sufficient with renewable energy. Sola & Forus Naringspark and its around 2500
businesses aim to be energy neutral within 2015 to shape a more attractive business
environment. However, the main focus is on the utilisation of roofs through PV, increase supply
security and shape flexibility (Elnett21, n.d.-a)

In case of Stavagerregionen Havn, the contribution in Elnett21 should be within smart charging

infrastructure, Solar cell installations, Battery energy storage and a smart local micro-grid
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system to steer electric load (Elnett21, 2020a). Focus lies on PV infrastructure, large-scale
battery storage and smart control for power levelling and efficiency increase. This should give

the opportunity to increase own flexibility or sell it further as business model (Elnett21, n.d.-

a).

1.2. Statement of the Problem

The problem statement for this thesis and project analysis is based on the background presented
in the section above. Stavangerregionen Havn faces three main challenges connected to the
transition of the transport sector right now.
e First the issue is related to overall availability of enough short-traveled electricity for
the increasing demand especially during peak hours where the grid load is already high.
e Second the non-existents of storage capacity which could be used during higher
electricity demand of the terminal building and electrification of ships, cars, and trucks.
e Third is Stavangerregionen Havn missing a smart steering system for charging and the
distribution infrastructure.
All three problems are inherently important parts of the development towards a future directed
system and contribution to Elnett21. This master thesis will investigate the first and second
problem and concentrate at the potential of own local electricity production from Solar PV to
reduce grid load in combination with battery storage. Based on that background, the thesis will
address the following research question:
¢ How much can Risavika and Stavangerregionen Havn benefit from development of own
solar production and installation of battery storage and contribute to Elnett21?
o What is the Solar electricity production potential for the given roofs and buildings?
o What are the costs associated with the Solar PV system and integrated battery

storage for the roofs and terminal building?
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1.3. Aim and Objectives of the Study

With focus on problem one and two of Stavangerregionen Havn, it is important to first do
estimations and analysis of the energy demand and energy production potential of Solar PV.
The projection of the Solar PV potential refers to all roofs that are owned by Stavagerregionen
Havn. Estimation and analysis of energy consumption refers to the terminal building at
Risaviaka owned and operated by them. From that point, it is necessary to investigate the
economic profile from the study by looking into savings and the payback rate in the long run.
Lastly, it is important to investigate the contribution of such an investment and system

development for the region and the Elnett21 project.

1.4. Importance of the Study

This study gives Stavangerregionen Havn the ability to reveal their potential and opportunities
resulting from own short-travelled electricity production and smart storage integration. The
revealing of the self-sufficiency and contribution possibilities for Stavagerregionen Havn as
demonstrator could be followed by other actors. This can build into a learning effect for other
companies to act similarly if the results and feedback are positive. Revealing the potential helps
to build a future system that can handle future tasks such as high energy demand, peak hours,
secure operation, and create economic value. Through this study Stavangerregionen Havn can
contribute and be part of the big cross sectoral cooperation of different companies. The
decentralised energy generation and storage in this setup as pioneer regional development
project can deliver valuable experience. Being part of this development such as in the case of
Stavageregionen Havn a big role is the electrification of ships. Norway has planned to reach
the amount of around 70 electric ferries within 2022 which will have a significant impact on
local grid and energy flexibility. (Elnett21, n.d.-b). For ferries, cruise ships and industry

shipping have been made already first land electricity connectors at Risavika and Stavanger
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center (Stavangerregionen Havn IKS , 2019). Furthermore, electricity will be needed for green
hydrogen production as a consequence of the Norwegian and EU hydrogen strategy to

decarbonise the maritime sector (Ministry of Climate and Environment , 2020).

1.5. Scope of the Study

It is crucial to break down the size of the study from global electrification aims to national,
regional, and the local environment within the Elnett21 project in Stavager, Norway.

The Solar PV potential analysis will be done for the selected roof areas from the
Stavangerregionen Havn. Energy consumption information will be related to the Terminal
building at Risavika owned and operated by Stavangerregionen Havn. Other buildings owned
by Stavangerregionen Havn have diverse tenants; therefore, access to consumption data is not
possible. Those buildings and roofs will be presented through the simulated Solar PV potential
and related cost estimations of the possible PV system. For those buildings and roofs the Solar
PV potential estimation and related cost estimations of the resulting PV infrastructure will be
presented, due to this limitation and battery storage sizing is not considered since the size is
related to energy production and also consumption. In link to the terminal building, the battery
storage integration and analysis becomes relevant since we will get information about simulated
energy production and internal consumption data.

The Solar PV estimation will be based on approved technology which is available on the
market. Other companies within the field will suggest different technical equipment like PV
modules, inverters or battery storage they use. Those parts will vary from size, production
potential, storage capacity and price. Companies often have agreements with producers and can
provide discounted prices due to large scale purchases. This study will not have access or use
this data and will therefore list prices which are freely available. The costs and economic

evaluation of this study will; therefore, be more conservative, whereas an established supplier
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will present lower costs and different equipment than this study does. This will have the effect
that the payback time for investments in a Solar PV system and battery storage of this study
will be higher compared to possible offers from industry.

This study will not cover energy generation other than Solar PV since the focus lies within the
idea what the contribution of Solar PV can and could be. However, it is acknowledged that for
a future system the focus should be on the use of various energy sources and not to be dependent
on just one. Due to the focus on Solar PV systems and electricity production the storage
technology is considered in this research electro-chemical battery storage and not heat or other
storage types. Batteries are fast respondents which is an important factor when it comes to peak

shaving and grid balancing.

1.6. Outline of the research study

Chapter 1:

Addresses the introduction, background of the thesis, the problem statements for the thesis and
presents the research question. With the aim to give an overview and introduction on the
literature and case study. Furthermore, is the importance of the study and its scope addressed.
Chapter 2:

Chapter two presents first the concept of decentralization and its importance for the future
energy and grid development. Additionally, are the benefits and challenges of decentralized
Solar PV and battery system storage in a qualitative review explored to support the decision
why those two technologies are utilised.

Chapter 3:

The third chapter presents the theoretical background why transition and development projects

like Elnett21 are important. Furthermore, is explored the role and importance of political
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support, public support and global pressure to execute a transition project and challenge the
present system through new strategic innovations.

Chapter 4:

This chapter addresses the research methodology and Mixed-Method approach used for this
thesis. Moreover, are the study sides presented and how the quantitative data will be collected
and analysed. Additionally, are assumptions and limitations concerning the data collection and
evaluation processes addressed.

Chapter 5:

Chapter five presents the findings and challenges of the research and analysis with a part on the
K2 modulation and PVsyst simulation. Furthermore, is the terminal consumption and costs data
evaluated, which leads into the last section of economic project cost and economic long-term
analysis.

Chapter 6:

Chapter six discusses the results in connection to the two sub-research questions and the key
question of this thesis and its possible implications for Stavangerregionen Havn, Risavika and
Elnett21. Additionally, is an outlook with suggestions for future research and investigations
presented of topics that could be crucial in the further Elnett21 development.

Chapter 7:

The last chapter presents the concussion for this thesis its findings, limitations and long-term

opportunities given through the exploration of Solar PV and battery storage systems.
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2. Review of the Literature

The goals of Elnett21 are achievable considering future technological changes and development
within the energy and electricity system. Especially, the development of decentralization of
such infrastructure plays a key role in research. Therefore, the following chapter will guide
through the idea of decentral energy and electricity production and consumption.

Most of the recent research based on decentralization focuses on the integration of renewable
energies towards a 100% renewable energy system. The focus is to achieve a reliable and safe
energy supply renewably powered. Main issues are the intermittency of sun and wind power
and the challenge to build a system with these sources which fulfils the everyday needs of
society and industry. One key point in this development is to generate local flexibility through
a smart energy system so to take on the main issues of peak demand and excess energy
production during low demand.

Even though Norway’s electricity is covered to almost 100% renewable energy, local systems
face big challenges due to the electrification of society and the transport sector. Therefore,
regional, and local flexibility within the energy system is necessary which leads to the need of
a more decentralised system in Norway. The starting point compared to a lot of research may
differ in Norway. However, the issues of peak demand and long travelled electricity are the
same as in other countries and will increase due to electrification of the transport sector and

society.

2.1. Concepts towards sustainable development beyond decentralisation

Decentralization can be one of the key drivers towards a more sustainable society, industry, and
biosphere. Besides decentralisation are three concepts of connectedness, integration, and
prosumption elementary towards a system that provides sustainable energy development and

utilisation (Khalilpour, 2019a).
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Connectedness can be defined as the state of being joined or linked which society has developed
through living together on cooperative groups and communities (Khalilpour, 2019a). The
development of the internet and wireless communication possibilities has shaped a new level
of global connectedness. These social and technological progresses and connectedness could
be one of the most outstanding achievements from the industrial revolution. Connectedness
gives huge potential of improvements of efficiency in physical-social networks, supply-
demand management (Khalilpour, 2019a).

As our world can be seen as a completely integrated system our actions will have consequences.
Especially by reaching the boundaries of the nine key earth system processes are motivation
towards sustainability. The nine identified processes are: climate change, rate of biodiversity
loss, nitrogen cycle, phosphorus cycle, stratospheric cycle, ocean acidification, global
freshwater use, change in land use, atmospheric aerosol loading, and chemical pollution (Griggs
et al., 2013). The goal is to avoid the so-called Callendar effect which refers to the integration
phenomena. Where increased CO> concentration distributes vital earth system processes and
passes this on to the Earth by warming it which affects other processes (Khalilpour, 2019a). All
nine Earth system processes are interconnected and therefore sustainable development progress
is not acceptable outside one of the boundaries. One step towards less violation of boundaries
could be becoming a prosumer.

A prosumer is derived from an end consumer and energy system being a producer and consumer
at the same time. Today’s supply chain is strongly based on the structure to be producer or
supplier and the consumer stands on the demand side (Khalilpour, 2019a). Due to this often-
one-sided relation demand-side management (DSM) grow as a research field to study this
relation especially in the energy field to ensure sufficient resources during peak demand or low
production capacities. The level of one-sided centralization reached is however, not optimally
efficient today or in the future. A prosumer is, however, flexible and able to produce energy or

electricity and consume it in totality or in some degree at the same time. Prosumers are a part
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of decentralizing networks towards a more sociotechnical optimum, by taking over some
production task and increasing flexibility (Khalilpour, 2019a). Prosumers reached great
importance when it came to research and development of decentral networks and utilisation of
solar generated electricity. However, decentralisation is just a step within the development to
the future energy and electricity system we need.

Centralization and decentralisation have their foundations within politics and governmental
structures within the French revolution and developed in the 20" century further (Khalilpour,
2019a). Especially, through the second Industrial Revolution the development towards the idea
of technological centralization and the aim of efficiency and higher revenues with economy of
scale developed (Khalilpour, 2019a). It has created a sociotechnical connected world which is
heavily centralized. This one-sided centralized network based on concentration and
synchronization has a shortage when it comes to safety, robustness, and flexibility. Moreover,
should infrastructure development work towards a decentralized but connected network as in
Figure 2.1. shown. In the energy context a decentralised energy system could be characterised:
“by small-scale energy generation units (structures) that deliver energy to local customers.
These production units could be stand-alone or could be connected to nearby others through a

network to share resources, i.e. to share the energy surplus” (Vezzoli et al., 2018, p. 25).

A centralized network A decentralized but disconnected network A decentralized but connected network

4 VIR

\_ Pkl i,

Figure 2.1. Central vs Decentral networks (Khalilpour, 2019a, p. 30).
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The next step would be a development towards a distributed networks system. In the energy
context a distributed energy system could be defined as:
“small-scale energy generation units (structure), at or near the point of use, where the
users are the producers— whether individuals, small businesses and/or local
communities. These production units could be stand-alone or could be connected to
nearby others through a network to share, i.e. to share the energy surplus” (Vezzoli et al.,
2018, p. 25).
The main difference between distributed and decentral network can be found in the amount and
size of small units to produce and share energy nearby. Along with those key developments and

more decentralization must be the prosumer network mobilized to shape a system that is

integrated and improves sustainability with the earth systems (Khalilpour, 2019a).

2.2. Benefits and barriers for decentralisation

It is important to emphasise that the focus in this study is on electrical systems and electrical
decentralisation. The integration of other energy vectors is, however, crucial and will further
increase energy efficiency and flexibility, but exceeds at this point the boundaries of this study.
The expectations that decentralisation could have a huge impact were presented. More concrete
does this mean that for example local or nearby energy production and distribution increases
reliability and reduces distribution loses as this is often a challenge for energy plants far away
(Vezzoli et al., 2018). Additionally, is decentralization connected with democratization of
production and consumption, more self-conscious consumption behaviour and resulting from
this DSM. This kind of active consumption increases the efficiency of the current system and
providing therefore as well economic, operational, and environmental benefits. Less
infrastructure development for grid upgrading saves resources and protects the environment
(Strielkowski, 2020).

Through the participation of many actors can it cope better with individual failures since energy

can come from different nodes and connections through local micro energy grid connections
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which increases the flexibility of the whole system. Especially this kind of flexibility is needed
under consideration that the number of electric vehicles, buses trucks, planes and boats charging
station is expected increase significantly. Distributed and smart energy systems as part of new
infrastructure in fast developing regions are not just enabling efficient operation but improve
the development of new market capabilities (Strielkowski, 2020).

“Smart grids are an intelligent network for transmitting and distributing interactive

communications across all components of the energy conversion chain. Smart grids

connect large-, medium- and small-sized, decentralized generation units with consumers

to create a single overall structure” (Strielkowski, 2020, p. 82).
Through smart grids a new level of connectedness and integration is possible which leads to
more self-sufficiency and a two-way distribution of energy.
To achieve a good level of distributed and decentralized networks are especially energy and in
many cases electricity storage technologies crucial, in many cases though connected with high
costs (Khalilpour, 2019b). Adoption, sociotechnical interaction, and utilisation of local energy
production can be hindered by insufficient technical competence and high complexity.
Furthermore, are often economic high start costs a barrier for a wider distribution through the
society (Vezzoli et al., 2018). Research highlights in addition that institutional disadvantages
and regulations, social- cultural and environmental barriers hinder a wider diffusion on that
technologies and infrastructure (YYagoot, Diwan, & Kandpal, 2016). Solar power is the energy
source most associated with decentralisation, integration, interconnection and presuming of

energy. Which gives it high relevance globally but increasingly in Norway and in the large-

scale experiment Elnett21.

2.3. Decentralized photovoltaic systems

Solar power is the most abundant source of renewable energies, available at any location with

different values dependent on the distance to the sun. Even though Norway is internationally
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well known for its renewable electricity from hydropower the potential for solar power is not
as low as often suspected. The development and installation as therefore experienced in recent
years big growth (NVE, 2019b). The strategy reveals that this development is just the start
towards the goals for 2040. Figure 2.2. highlights that three different scenarios are made where

the lowest would result in an installed capacity of 4 TWh and the highest at 10 TWh until 2040.

10 Hay

Basis

20019 2022 2025 2030 2040

Figure 2.2. Solar development scenarios Norway (Veie et al., 2019, p. 22).

There are several Solar technologies, the two main technologies are solar photovoltaic systems
which uses solar irradiation to produce electricity and solar thermal systems that use the sun’s
heat. In focus here are Solar photovoltaic systems (SPS) which convert sun energy by using
solar cells. Solar Photovoltaic went through a huge development in the last 20-30 years. From
the early starts in 1839 with discovering the photovoltaic effect until today is it possible to
identify up to four generations of PV cells (Suman, Sharma, & Goyal, 2020).

The first generation is focused into monocrystalline and polycrystalline silicon and Gallium
Arsenide cells. Silicon cells are dominant on the commercial market due to their general
characteristics. Silicon is the second most abundant material in the earth crust, in general non-

hazardous, nontoxic, long life and space efficient. A byproduct of crystalline production is
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silicon tetrachloride which are highly toxic. The efficiency of polycrystalline is lower compared
to monocrystalline which are more expensive (Suman et al., 2020).

The second generation is focused on thin film technologies which aim to reduce high costs from
the first generation. Cadmium telluride (CdTe) and Cadmium sulfide (CdS) cells showing
efficiency numbers comparable to first generation poly-crystalline cells of 17%. Major problem
is the highly toxic cadmium and limited tellurium availability. Copper indium gallium selenide
(CIGS) cells show promising results however are costly due to higher manufacturing costs and
struggling with a lifespan of around 12 years (Padoan, Altimari, & Pagnanelli, 2019; Suman et
al., 2020).

The third generation derives from the development to increase PV cell efficiency by working
with new materials like nanomaterials. Those got recently great attention due to their novel
characteristics. The nano particles give more design flexibility, recombination losses are strong
reduced, higher efficiency in ultraviolet light range and more resource efficient. Various cells
struggling however with issues related to temperature stability, high topicality, low efficiency
of 9-11% or high costs which hinder bigger commercial use. Most popular development from
this generation are concentrator photovoltaics ( CPV), organic and hybrid cells (Padoan et al.,
2019).

The fourth generation emerged as flexible and low cost and strongly based on the idea of
organic based nanomaterials like carbon nanotube and graphene due to their mechanical,
chemical, electrical, and thermal properties in many diverse areas (Suman et al., 2020). Better
known as “inorganics- in- organics” solar cells with good performance for environment and
human health. The fourth generation combines inorganic and organic resources towards a better
efficiency, high cost reductions and longer lifetime of nano structures into a new form of hybrid
cells (Suman et al., 2020). Laboratory test have reached here a record high efficiency of 17.3%
in 2018 (Meng et al., 2018). Commercialization will still take time, but it can then have huge

potential especially because of the great ecological performance. The installation of decentral
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Solar PV has benefits, drawbacks, and challenges. The following paragraph present the most

important aspects.

2.3.1. Benefits

Solar PV can encourage active involvement of citizens and industry groups in the energy
transition. Decentral energy systems are not restricted to its energy production instead shape
opportunities for sustainable participation as consumer, investor, or social actor (Dahl, 2018,
June 8). Active involvement in energy production and consumption distributes new
responsibilities and places those responsibilities upon even more shoulders.

Increases participation, transparency, and legitimization for the transition is what society must
go through. Small- or large-scale installation on roofs do not interfere with local environments
and avoid or even can resolve conflicts with new local energy production which came up with
the heated onshore wind discussion in Norway. Through the huge potential in participation,
transparency for single actors increases and has the potential to shape more identification with
the transition and its implementation locally and national. It generates a learning effect and
commitment to the goals not just from private small-scale system owners, but through the whole
industry and public sector who collectively acts. Actors who would usually not participate will
more likely be inspired and learn from the others and take the same approaches if the
experiences are positive.

The owner produced electricity gives the opportunity to reduce costs and dependency on the
energy supplier. The bigger the installation side the lower usually the transaction costs
compared to the total investment volume. Bigger installations have therefore a higher
profitability compared to private small size PV projects. The profitability of an installation
depends on the decision if an energy storage unit is selected. A big influence has as well the
electricity price and the tariff system. Low electricity prices make own PV productions less

profitable. Tariffs which demand extra costs during peak demands can be approached by smart
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PV and battery management. Long time data show for Norway an electricity increases of 3-4%
every year since 2012, which increases costs savings in the long-term. However, do show a 20-
year forecast until 2040 as well a 40% increase or a 30% decrease in electricity prices (Tuv,
2019). Cost increases are as well expected for grid fees and consumption fees that improve the
economic performance of decentral electricity production through Solar PV.

Through the development and installation of decentral PV systems local competencies will
increase and have added value. It secures the local value chain through regional investments
and income which gives local providers the ability to deliver sufficient service to the costumers.
The whole country and society can profit from such a development and expertise aggregation,
which can lead to getting specialists and new international operation possibilities (Bellini,
2020). Another benefit is that the local and even national development leads to a diversification
of the energy sector which is today to 98% dependent on hydropower. Effects of dry summers
and winters in the year 2018 and 2019 have shown how dependent electricity supply and prices
are on full water reservoirs (Kleven & Leite, 2018, July 24). NVE has concluded from its latest
research about the influence of climate change on hydropower supply the following: It will rain
more in winter, the snow melt will be lower and summer will be less water available (Koestler,
@stenby, Birkeland, Arnesen, & Haddeland, 2019). Even though the water amount will increase
in total, so will be seasonal differences become more extreme as shown in Figure 2.3. bellow.
Hydropower and PV could work thereby hand in hand since warm and dry summers are good
production times for PV. Especially during this extreme situation solar has the ability reduce

the need for hydropower.
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Figure 2.3. Norway’s Future water supply profile (Koestler et al., 2019, p. 18).

Decentral systems increase the local production and increase the efficient use of energy
resources. This results from the consumption of self-generated energy which has low
transmission losses compared to other from long distances. Decentralisation helps therefore to
avoid transmission losses and unload the grid to some percent to help in peak demand
management (Kvalitetssjef, 2018b). Solar PV uses thereby efficiently unproductive
infrastructure like roofs that is already in place and avoids huge local environmental impacts.
Existing housing infrastructure has today a potential to charge up to 520.000 — 725.00 cars
(Ask, 2020, July 15). These kinds of installations, therefore, help in urban regions where energy
consumption is high and free space for new projects is scarce and huge grid expansion are
economic inefficient. Remote areas which suffer of inefficient long-range infrastructure benefit
from decentral energy development. The development of big energy infrastructure in relation
to onshore wind installation and its biodiversity impact is an especially heated discussion now
in Norway. A more strategic directed expansion of decentral PV systems could help then to

reduce the need for unpopular and disputed wind installations (Ask, 2020, July 15).
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2.3.2. Drawbacks and Challenges

Climatic conditions and changing weather conditions do influence the efficiency and function
on PV modules and the resulting energy production. Especially weather changes have within
seconds impact on the generated power, which creates significant output fluctuations (Marcos,
Marroyo, Lorenzo, Alvira, & lzco, 2011). Therefore, the output will be a smoothing, balancing
demand, and generation crucial for such a system. Furthermore, changes are difficult to
forecast, control or regulate. Therefore, is backup power to ensure the grids stability and power
quality in the grid required.

The efficiency of PV modules is most effected by change in irradiance and module temperature.
Especially the increase of temperature can lead to a significant efficiency loss of production of
up to -20%. Colder temperatures however could lead to a temporary increase of energy
production of up to +5% (Huld & Amillo, 2015). Temperatures of around 25°C are typical
within a module and a rice over this leads to a loss of efficiency of around 0.4% per 1°C (Coley,
2008). So even in winter high energy production is possible if enough sun exposure is available.
Figure 2.4. shows the irradiation and resulting production potential of several locations in
Norway as they can be compared to others in mid-Europe. So even though Norway is further
North than Berlin or Paris good possibilities to produce electricity through solar are given. The
further North the location is the less production is possible. The biggest impact on the
production will have the strong seasonal variation of sun hours during winter and summer in
Norway. With summer days with sun from 16-24 hours and winter days with sun from 0-6

hours.
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Figure 2.4. Solar PV electricity production potential across the world (NVE, 2019a).

One more challenge is the costs and investments that come with new PV systems. Even though
the prices and the levelized cost of electricity (LCOE) of PV projects has decreased strongly in
the last years. PV installations have not yet reached the point where they can compete in the
long run with hydropower in Norway see Figure 2. 5.. Research shows however, that efficiency

increases and further price drops of PV in the following years can be expected.
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Figure 2.5. Global LCOE development 2010-2019 (IRENA, 2019b, p. 22).
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Solar PV systems face political, institutional, and economic challenges and need therefore
support and regulation change. The Norwegian national housing association (NBBL) see three
aspects that must be changed to reach the future installation goals from NVE. Firstly, should
ENOVA have a separate support scheme for housing associations and co-owners. Secondly,
the government should hinder the new grid lease proposal from NVE with a fixed grid payment
independent of the consumption. This will remove benefits and incentives for power savers and
power producers and reduce new solar investment incentives. Lastly, remove the application
obligation according to the building and planning act for block flats since detached houses are
already excluded (Ask, 2020, July 15).

The actual prosumer regulation from NVE is designed to support mainly the production and
consumption of electricity. The sale of electricity is restricted to a feed-in of 100 kwWh and low
compensation for that. The economic benefit of having a PV system lies not within selling
energy, but in reducing the purchase of energy in the long run. Incentives here could make a
difference in PV system investments which support grid operators. The current regulation
scheme, therefore, supports the more traditional energy producers and their market standing.
Further challenges arise in Norway if prosumers consider sending their electricity to neighbours
to support them with excess energy. This kind system refers to the idea of peer-to peer trading
of electricity in between local actors. With the goal to build a smart system where prosumers
can support each other within seconds without increasing the grid load (IRENA, 2019a). This
kind of technology can be a key feature in the futures energy and especially grid systems. Until
further notice is this kind of system not allowed in Norway, which means that the electricity
has to go through the national grid to other consumers (Hentschel, Jenssen, Thorsgnn Borgen,
Jarstein, & Duus, 2018). Regulation changes here could play an important role in the future of
decentralised electricity generation and local system integration.

Solar PV systems are defined as renewable energy systems, especially when it comes to

manufacturing of the technology difficulties can occur. The main issue is the use of raw
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materials and their effect on humans and ecosystems. Following this is a full waste chain and
recycle scheme must established for the harmful PV waste. Otherwise the exposure of metals,
crystalline silicon or cadmium will create severe problems for people and biodiversity. Through
good recycling management, exposure can be avoided, loss of materials and reuse can be
established through circular economy. Established factories the US, Germany or Malaysia are
now able to operate at a level where they can recover 90-95% of the modules (Chowdhury et
al., 2020). This already high percentage for recovering are necessary considering the peak of
PV waste which is expected to happen between 2036- 2045 must be handled properly (Padoan
etal., 2019). High recovery rates will support the overall ecological performance of PV systems
and economic perspectives. Research highlights that China with a 32% share of world total PV
installations or California as another leader however lack a recovery strategy despite the
environmental importance (Chowdhury et al., 2020).

Recent research focusses more and more on PV systems which use non-toxic resources and less
scare materials as the development of fourth generation cells shows. Until their commercial use
is possible a clear recycle strategy of current modules will be needed to build a sustainable

future relevant system.

2.4. Battery storage technology

Storage of energy is vital in a system that is build up on intermittent renewable energy. Norway
is known for its hydropower and reservoirs which work as huge battery and has great potential
to balance high intermittency due to large scale storage and short reaction time. However, this
storage capacity is locally inflexible and requires long grid connections which results in
efficiency losses. Besides pumped hydroelectric storage as one of several mechanical storage

technologies exists a variation of storage technologies options. Key electrical energy storage
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options are as well chemical, thermal, electrical and electrochemical which all entail several
variations of executions and used purposes (Abdin & Khalilpour, 2019).

For local smart energy management storage is necessary that is close, not too space consuming
due to local boundaries and able to coordinate between supply and demand fluctuations.
Electrochemical storage has gained in this application filed in recent years big importance.
Especially since produced electricity from PV Solar can be stored directly in electrochemical
batteries, without the need for transformation to heat for thermal heat storage or hydrogen as
chemical storage technology. Transformation processes do not occur without energy losses
which can be considered as costs. Using Solar PV and store the electrons directly gives here,
therefore, benefits over storage types like compressed air, hydrogen, or heat storage. A goal
should be to avoid the need for transformation of energy if possible since it increases the
efficiency of the system. Under the aspect of the need of seasonal or large-scale storage is the
transformation necessary.

One strength of battery systems are higher round-trip efficiencies compared to pumped storage
or power to-gas. Batteries can use smaller electricity price differentials du to shortest reaction
time which leads to a higher utilization rate (Panos, Kober, & Wokaun, 2019). System
efficiency improvements through battery storage can be crucial and limit the need of investment
in extra generation capacity as compensation for storage losses and balancing needs (Panos et
al., 2019). With batteries, electricity can used in times of high consumptions and low production
which reduces further grid connected electricity purchase for the owner and decrease grid load.
Looking into battery technology development to main battery types are connected to the storage
market with Lithium-ion and Lead- acid batteries. Lead-acid batteries have been studied and
improved for more than 150 years where as Lithium- ion is a more recent developed competitor
(Khiareddine, Gam, & Mimouni, 2019).

Research from Khiareddine et al. (2019) shows for Lead-acid a cycle life of 800 whereas the

one from Lithium-ion batteries is up to 3200. Even though exact numbers differ in research it
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shows the speed of development and as well that Lithium-ion in general have a longer lifespan
corresponding around 12 years compared to 4-5 from Lead-acid (Khiareddine et al., 2019). So
do other findings show that Lead-acid have reached cycles of 500-1800 and Lithium-ion
batteries 1000-20.000 cycles (Abdin & Khalilpour, 2019).

Big characteristic differences between both technologies can be found within the energy
density, cycle life, costs, hot climate influence, the overcharge tolerance, and the voltage.

Especially the energy density, cycle life and costs play a role which technology is used for an

application.

Lead-acid Li-ion Ni-Cd Ni-MH
Energy density (W/kg) | 30-50 110-160 45-80 60-120
Self-discharge Low Very low Moderate High
Cycle life 200-300 500-2000 1500 300-500
Cost Low High Average Average
Hot climate Severe effect Great sustainability Moderate effect Moderate effect
Overcharge tolerance High Very low Moderate Low
Nominal voltage (V) 2 3.6 1.25 1.25
Environmental issues Moderate Low High Low

Table 2.1. Most common Batteries comparison (Farjah, Ghanbari, & Seifi, 2020, p. 2).

Nickel cadmium (Ni-Cd) and Nickel metal hydride (Ni-MH) batteries are two other
technologies which are part of different energy systems as well. More Ni-Cd batteries
implementation suffer from their high environmental impact and toxicity of cadmium and
relatively low energy density. Ni-MH is restricted through high discharge rates and relatively
low cycle life according to Table 2. 1.. Other research and development highlight that Ni-MH
batteries reached at least 2000 cycles or even higher than Lithium-ion and a discharge rate
closer to Lithium-batteries (Abdin & Khalilpour, 2019; Revankar, 2019). Nilar a US-Swedish
energy storage company has focused on Ni-MH battery development and were able to

demonstrate crucial achievements which allow to multiply the battery life in cooperation of the
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University of Stockholm (Newswire, 2019). This gave them strong international feedback and
recognition since it has huge impact on the more efficient use of resources (Johnson, 2020).
Some Life Cycle Assessments show that Ni-MH batteries perform environmentally significant
worse than Lithium-ion batteries in their analysis however are much safer and not inflammable
(Mahmud, Huda, Farjana, & Lang, 2019). Even though Lithium-ion batteries uses toxic lithium
and more cobalt as Ni-MH, another report points out the following: “Considering the fact that
NiMH batteries are one of the best cells for the environment, we can say that the use of lithium-
ion batteries has the least destructive effects (Torabi & Ahmadi, 2020a). They conclude,
however, later that Lithium-ion have the most significant contribution to greenhouse gas
emission and metal depletion, whereas Nickel-Metal hybrids have a significant higher energy
demand (Torabi & Ahmadi, 2020Db).

Based on the collected information two things must be pointed out. Firstly, the development is
fast, and it is not always clear which battery is currently better when it comes to environmental
performance due to several uncertainties within the value chain. Due to this development
neither is easy to point out which battery is better since both are commercialised used and have
their place in the market. However, the next section will show that the recent development in
the field of lithium-ion is a big chance.

Secondly, none of those batteries can be described as sustainable or environmentally friendly
due to the high resource use. A comparison between different batteries is, however, necessary
to guide and motivate improvements even though the comparison as shown is not easy. When
it comes to environmentally friendly and sustainable batteries the focus must be on resources
which are fare away of hazardous or toxic for environment and humans. One of those is a
regional company in Stavanger which aims to create super capacity batteries and turn wooden
saw dust into super-activated carbon as positive electrode and silicon from sand as anode

(Beyonder, n.d.) . This would not require cobalt, nickel and other heavy metals and would be
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renewable and recyclable. Such a solution would take energy storage on a new level and is
needed under the increasing demand for storage (Explorer, n.d.).

Despite those great prospects for the future this study must focus on solutions that are accessible
as possible solutions right now. A case study shows thereby that Lithium- ion or Lead-acid
batteries have significant positive impact on peak consumer load management. Furthermore, is
shown that even without Solar PV production battery storage can be operated economically to
support the grid (Kim, Cho, Kim, & Byeon, 2019). Different research on both technologies
performance and development highlight that Lithium-ion batteries will perform techno-
economically better than Lead-acid in different case studies (Dhundhara, Verma, & Williams,
2018; Khiareddine et al., 2019; Kim et al., 2019; Olaszi & Ladanyi, 2017; Zubi, Dufo-Ldpez,
Carvalho, & Pasaoglu, 2018). Especially the huge development and potential that lies still
within Lithium-ion batteries makes future integrations more likely. The current costs which
decline 8-16% annually within Lithium-ion battery technology and costs development of
batteries have been rather conservative in the past give huge opportunities (Child, Kemfert,
Bogdanov, & Breyer, 2019; Khiareddine et al., 2019).

Zubi et al. (2018) however, indicates in the case of grid connected and decentral installations
suffer from their high costs and according to that a too high kWh price. Therefore, an open
competition with Lead-acid, NaS, Ni-MH and other technologies is to be expected. The
disadvantages of low energy density or O&M requirements are no setback in bigger stationary
installations(Zubi et al., 2018). The advantage of Lithium-ion batteries lies within cell
technology like Lithium iron phosphate (LFP) which demonstrate high cycle life, safety, more
eco-friendly and abundant material use which can become crucial in increasing installation size
(Telaretti & Dusonchet, 2017; Zubi et al., 2018). Other prominent cell types Lithium cobalt
oxide (LCO), Lithium manganese oxide (LMO), Lithium nickel cobalt aluminium oxide (NCA)
and Lithium nickel manganese cobalt oxide (NMC) (Zubi et al., 2018). NCA and NMC

batteries are especially known for their use within EVs. NCA is mainly used by Tesla with an
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energy density of (200-250 Wh/kg) and 1000-1500 full cycles. Whereas other car producers
use NMC with an energy density of 140-200 Wh/kg and 10002000 full cycles.

How fast the current development in the battery development the following two examples. In
July 2020 researcher from the US shared their findings of Cobalt free High-Nickel NMA battery
which should perform at a similar level as the established NMC and NCA batteries (Li, Lee, &
Manthiram, 2020). Current LFP battery development is making progress so that Tesla decided
to start using and developing the same technology as the Chinese car producer BYD which used

them exclusively until then (Forbes, 2020).1

2.4.1. Applications and benefits of batteries

After giving an overview about some crucial elements of battery technology development and
first impressions on how they are used, focuses the next part more on the different application
areas and their roles within the electricity storage system.

| want to make here a distinction between two main utilisation types of battery storage which
are currently considered in the energy storage system planning. Stationary ranging from small
to big scale batteries connected to local electricity production and grid or mobile batteries like
from EVs or Containers.

Small scale stationary batteries also called home storage systems (HSS) are planned as part of
the prosumer development and use of locally own produced electricity and have mostly a
capacity range bellow 10 kWh (Figgener et al., 2020). The storage is mostly located in the same
or nearby building with stable temperature and environment. The technology is already well
developed and in many cases in commercial use within Norway and worldwide. The integrated
battery is charged with overproduced electricity or during low prices at the grid to cover later

peak demands or low internal production.

! Table with extensive overview (until 2018) of battery technology used in EVs by (Zubi et al., 2018, p. 288).
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Industrial storage systems (ISS) or midsize systems range from bellow 100 kW/h to several 100
kW/h capacity. Their main application is behind-the-meter (BTM) services like uninterrupted
power supply, increase Solar PV electricity self-consumption or support for diverse charging
stations. Larger battery installations are as well used within front-of-meter services for grid
frequency reserves (Figgener et al., 2020). Prices for systems with a size up to 140 kw/h are
varying between 770-2200 €/kwh where most systems were between 1000 €/kWh and 1500
€/kWh (Figgener et al., 2020; Tsiropoulos, Tarvydas, & Lebedeva, 2018). Prices are affected
by size and the battery technology which is selected where Lithium-ion are more costly
(Tsiropoulos et al., 2018). Larger projects do usually have a lower kWh price due scaling up
and economy of scale factors. Tsiropoulos et al. (2018) points out that a huge difference exists
between reported prices with a factor of 10 for example for Lithium batteries which makes
detailed cost structures more uncertain. Like with reported prices for stationary storage of 220
€/kWh.

Large scale storage-systems (LSS) or battery parks aim to provide large scale electro chemical
storage and direct grid support during peak demand or excess production of renewable energy
(Hole & Horne, 2019). However, are these installations locally space consuming and not able
to be placed everywhere due to the big battery stocks. Installations are more likely placed
outside and must be resistant to climatic changes. Even though battery prices for stationary are
according Zubi et al. (2018) too, high to be economically, research projects in Norway shows
that it is already economically especially in the grid balancing market (Hole & Horne, 2019).
Considering the current technology and costs development batteries could play a role in
manging the future grid. Most promising Battery technologies dependent on application type
are according to Figgener et al. (2020) Lithium-ion, Lead-acid, redox-flow and high-
temperature batteries. Newer developments from Nilar, Beyonder and other companies can play

a more crucial role here.
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Within the section of mobile batteries especially EV batteries have become a lot of attention in
recent times due to the increasing development of transport electrification. There prices have
dropped in recent years strongly high production and development rates. So are prices within a
range of 114 €/kWh for lithium batteries or 107 €/kWh specifically for Tesla batteries in 2019
(Forbes, 2020; Scerra, 2020).?

Mobile EV batteries can be an important resource for the efficiency of the grid development.
Due to Norway’s electrification strategy to have 500.000 EVs in 2030 which gives an
equivalent electricity battery capacity of 2250-4000 MWh. Resulting of 500.000 cars multiplied
with an expected average car battery capacity of 45-80 kWh (Horne, Buvik, & Hole, 2019; IEA,
2020; Statista, 2020). This could be directly use to get charged with excess electricity of RES
or within the vehicle to grid (V2G) strategy. Technology would allow the transfer of electricity
stores in EV batteries into the local grid during peak demand and insufficient supply to support
frequency changes (Neves, Marques, & Fuinhas, 2018). Research highlights that EVs are part
of potential strategies for peak demand shaving besides Demand Side Management (DSM) and
Energy Storage Systems (EES) integration (Neves et al., 2018). This smart integration of EVs
can avoid uncontrolled charging which leads to more peak demand. Furthermore, it has the
potential to avoid economic inefficiencies in the electricity system and make advantage of RES
generation (Beunen, Van Assche, & Duineveld, 2015). EVs and the VV2G technology have to
make the increasing Norwegian EV car park a vital source which could contribute within Grids
stability enrichment, energy system efficiency enhancement, voltage-frequency regulation
services, virtual inertia support, reduction of fossil fuels (Dhundhara et al., 2018). Furthermore,
it is stated that development of this technologies will decrease the costs of having an EV,
reduces the need for backup power capacity and increases social welfare development (Greaker,

Hagem, & Proost, 2019).

2(1$=0,84 €)
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Current research shows that this kind of technology is already in testing at different pilot
projects in the Netherlands, Denmark, Great Britain ,Sweden and Germany (Casey, 2020;
Horne et al., 2019). Main issues are regulatory due to pricing systems of V2G supplied
electricity, battery warranty due to increased numbers of charge and de-charge cycles, software,
and smart charging infrastructure. The smart charging infrastructure must be developed in
Norway relatively fast otherwise will the high numbers of EVs lead to huge peak demand and
risk the grid stability (Greaker et al., 2019; Neves et al., 2018).

Large scale mobile battery containers are solutions that can bring to certain areas a high amount
electricity without big infrastructure development for example on construction or event sites in
remote areas to replace polluting diesel generators. Furthermore, those are easily transportable
and to some degree protected from weather and climatic changes. Their application range is
wide from peak load capping, charging infrastructure, emergency supply or storage of energy
overproduction. The following study tested for example three different containers for German
wind power integration with a container storage capacity of 1-1.5 MWh, 6000- 7000 cycles and
total capital costs of around 624.030- 1.164.460 € (Siddique & Thakur, 2020).2

As shown brings the current battery development and increasing application options a lot of
possibilities for renewable systems. The more widespread use of chemical energy storage
technology has as well side effects that have to be expressed to make the use as sustainable as
possible. As already mentioned, the use of resources within batteries that can have during
production and leakage severe toxic impact on environment and humans which is addressed in

the next section.

% (1 $=0,84€)
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2.4.2. Drawbacks & side effects from batteries

The currently fast production and increasing demand of batteries has several issues, side effects
and drawbacks and is addressed in the following section.

First is the usage of critical and rare materials which are needed for the production. Main
concerns are about the resources Cobalt and Lithium. Cobalt is the major concern within the
battery and especially Lithium-ion battery sector. Reserves are estimated at 25 Million tonnes.
Further 120 million tonnes are estimated to exist in the ground of the Atlantic, Indian and Pacific
Ocean (Zubi et al., 2018). Main production is currently in Congo and Morocco which major
concerns on child labour and environmental toxic impact. Lithium-ion batteries consumed 2016
around 30% of the cobalt supply which will further increase. Global cobalt production was in
2019 140.000 tonnes which is an increase of 12,2% in comparison to the production of 123.000
tonnes in 2016 (Shedd, 2020; Zubi et al., 2018). Prices in 2019 varied from 25.645 $/t at the
lower end to top prices of 92.500 $/t (Barchart, 2020). The same data points out a huge price
peak in 2018 with variations between 34.750-95,250 $/t. Zubi et al. (2018) points out that the
certain Lithium-ion batteries like LCO, NCA or NMC are so dependent on cobalt that prices of
already 23.000 $/t would have significant impact on battery and EV prices. They could
respectively increase 21% for LCO, and 3-6% for NCA and NMC with significant effect on
companies and consumers.

The main action to prevent a development that hinders renewable energy development, child
labour and more environmental issues lies within a better recycling and recovery scheme.
Recovering cobalt from old batteries can reduce the need of virgin material up to 50% which
has a significant impact (Zubi et al., 2018). Recent research shared results that recovery of more
than 90% is possible and making batteries and their use more sustainable (Rice-University,
2019; Wang, Yen, Lin, & Xu, 2019). The second action is as described above the Research and
Development (R&D) of cobalt free Lithium-ion batteries like LFP or the new High Nickel

NAM batteries. Lithium is as well listed as critical material with global resources of 47 million
31|Page



tonnes and 17 million tonnes which are ranked as extractable (Jaskula, 2020; Zubi et al., 2018).
Global lithium consumption and production ramped up in recent years and was in 2019
258.000t and a global production of 486,000t (Jaskula, 2020). In 2030 around 400.000t could
be needed just for batteries due to transport electrification (Zubi et al., 2018). In the short- and
medium-term development is not critical due to the still huge enough reserves. Considering the
environmental consequences and a long-term perspective, the dependence on virgin material
should be reduced to a minimum. Depending on the lifetime of the produced commodities a
huge amount of batteries that need to be recycled arises. Current recovery rates of 50% highlight
the potential that contribute with up to 40% to the new battery production (Gupta, 2019).
Through recycling innovation the Finish energy company Fortum achievements to recycle 80%
of lithium of EV batteries and German car producers aim to reach at least 96% (BMWi, 2015;
Gupta, 2019). These numbers show the huge potential, however, as well as numbers from Japan
show that the collection rate of batteries is at low 10% or that around 95% of batteries end up
as landfill mass in the US (Zubi et al., 2018). Better numbers are revealed from the EU where
in 2018 at least 44% of batteries were collected for recycling in relation to Placed On the
Market (POM) sales volume (Eurostat, 2018). Stricter guidelines and regulations in relation to
recycling and removal of batteries will be needed otherwise Lithium have to be classified as a
near critical resource in the long-term.

Besides Cobalt and Lithium are nickel and graphite important materials for the battery
production. However, are concerns about both not necessary in the current situation as the
following paragraph will show. Identified land based nickel resources are estimated to be 130
million tonnes and extensive nickel resources were found in the manganese crust and ocean
floor (McRae, 2020). Reserves are estimated at 89 million tonnes and annual production in
2018 of 2.4 million tonnes. Furthermore, the recycling and recovery of nickel is gaining more
importance so cover current recycling around 47% of nickel consumption (McRae, 2020; Zubi

et al., 2018). Battery production has a low share of 4-5% of global nickel demand even though
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several battery types use nickel. Global Graphite resources are estimated to be over 800 million
tonnes, global reserves at 300 million and the annual production in 2018 of 1.12 million tonnes
(Olson, 2020). Concerns could be expressed about the 60-70% supply share of China but not
about the amount of resources or reserves. Due to the abundance of graphite plays, recycling
and recovery is not a major role currently. However, more attention is gained in the refractory
of products and within more environmental battery research (H. Wang et al., 2019). Due to the
mentioned aspects should neither nickel or graphite a critical resource for battery production
and have negative effects on energy storage development.

Environmental impact and performance are one of the major debates in our society when it
comes to the huge increase use and production of batteries. Therefore, it is important to take a
closer look into the lifecycle emission of batteries. Roman et al. came in his literature review
and research to a conclusion that currently the greenhouse gas burden of batteries is between
150-200 kg CO2-eq/kWh (Romare & Dahllof, 2017). Furthermore, they come to the
conclusion that the “largest part of the emissions, around 50%, is currently from battery
(including cell) manufacturing” (Romare & Dahll6f, 2017, p. 42) and resulting in big part
from fossil fuel energy used in the production process. Results from (Ellingsen, Hung, &
Stremman) vary even stronger from 38-356 kg CO2-eq/kW h due to assumption and
variations of cell components and design. Great potential shows production which used
recycled material lowered lifecycle emissions down to 3.6-27 kg CO2-eq/kWh (Ellingsen et al.,
2017).

The sustainable effect of batteries can be showed well by comparing EVs and fossil fuel cars.
Even with a carbon intensity of 0.56 kgCO./kWh in the German electricity grid a EV will have
a much lower CO> emissions of 9 kg CO./kWh compared to gasoline with 19 kg CO./kWh.
EVs in Norway with electricity carbon intensity of 0.05 kg CO./kWh has a carbon footprint

around seven times smaller than a gasoline car(Zubi et al., 2018).
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The combination of clean renewables energy supply allows the batteries to contribute on a
global scale to sustainability. However, batteries cannot be described as absolutely
environmentally friendly since many uncertainties in lifecycle analysis of batteries are present
as the research shows. The contribution to a more sustainable and stable grid development with
stationary battery storage systems is given so to ensure that environmental benefits of the
technology attention must be paid on the whole value chain until recycling.

Especially recycling and recovering could offer major contribution caused by the big amounts
of battery waste generated by EV and stationary batteries in the near future. Research and
practical implications show promising results which must be optimized and commercialised as
described previously.

This will cut the already falling costs that are described as too high and is a major barrier to
further installations and development. The issue of batteries fading and losing capacity is
currently under strong review since it is one of the main issues with installations that are planned
as long-time installations. However, lifetime of batteries and their degradation time is an issue
which has to be worked on, especially batteries with intensive usage. The case at Kim et al.
shows, however, that even though the fading patterns were higher than expected an economic

beneficial operation was possible (Kim et al., 2019).

3. Theoretical frameworks

This master thesis uses theoretical frameworks that have their origin in transition studies which
are used to explain and analyse a certain type of social change that is needed to overcome the
big questions like climate change and sustainable development. A transition can be understood
as “specific type of social change, which is characterised by non-linearity, a long time frame

[...] and structural transformation” (VVan den Bosch, 2010, p. 37).
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The complexity within transition theory and transition studies can be described best by looking
at Figure 3. 1.. For this thesis it is essential to understand the connection between the multi-
level perspective (MLP), Transition Management (TM) and Strategic Niche Management
(SNM). This will conclude in underlining the need of Transition experiments towards solving

societal big questions.
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Figure 3.1. Transition studies in the recent research field (Van den Bosch, 2010, p. 37).

The MLP provides understanding of how social-technical transitions can be realized, in which
time frame and especially what level of actors are involved. Therefore, it is vital to understand
the single connection within the MLP before going further to Transition Management or
experiments. Especially the perception that policy plays a crucial role in that change is of
immense importance here. Building upon that, the governance approach of Transition
Management has the idea to guide and influence transitions towards a sustainable direction.
Experiments are the main instruments of Transition management to support transitions.
Through the idea of Experiments a close connection between TM and Strategic Niche

management can be outlined. SNM aims to stimulate learning processes and processes of
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societal embedding of socio-technical innovations (Van den Bosch, 2010). However, does
SNM specific learning and experiments happen in controlled and protected niche areas and

misses the bigger social system transition, which this thesis is looking into.

3.1.Multi-Level Perspective

As in Figure 3.1. to see has the MLP it roots within the field of Transition Dynamics with the
aim to develop understanding on how the dynamics of transition and processes come. Transition
Dynamics investigates past, ongoing, and future transitions. From this outgoing has the MLP
developed a good middle-range framework for analysing historical socio-technical transitions
towards sustainability (Geels, 2011).
“The basic ontology behind the multi-level perspective stems from the sociology of
technology, where three interrelated dimensions are important: (a) socio-technical
systems, the tangible elements needed to fulfil societal functions; (b) social groups who
maintain and refine the elements of socio-technical systems, and (c) rules (understood as
regimes) that guide and orient activities of social groups” (Geels & Kemp, 2007, p. 442).
There are three “analytical and heuristic levels” (Geels, 2005, p. 683) of the MLP which are,
technological niches, the socio-technical regimes, and the socio-technical landscape,” (Geels
& Schot, 2010, p. 18) and it is within the interdependency of these levels in which the
framework for transition is built (Geels & Schot, 2010). The stability which is within each
multifarious individual level in the MLP is dependent upon the symbiotic positioning which
exists between the constituents actor (Geels, 2011). and it is this stability or lack thereof which
creates either “lock-ins “ or “windows of opportunities” (Geels & Schot, 2010, pp. 20-21).
Transitions stem from the “alignment of trajectories within levels, as well as between levels”
(Geels & Schot, 2010, p. 18). It is the synchronous synergy of the three independent levels of
the MLP which utilizes the strengths and weaknesses of the actors and networks to form an
incremental transition, using instability, inability, acceptance, and opportunity to create and

complete the transition (Geels & Kemp, 2007).
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The socio-technological landscape is a vast extrinsic layer of the MLP that exists as the present
grim which feeds the societal storyline which is universally shared and lived through (Geels &
Schot, 2010). The socio-technological landscape “highlights not only the technical and material
backdrop that sustains society, but also includes demographical trends, political ideologies,
societal values, and macro-economic patterns” (Geels, 2011, p. 28). This remote landscape is
inaccessible to the actors and their ideas in regime and niche levels and within it, there exists
only a long term nearly stagnant opportunity for change (Geels & Schot, 2007). “Landscape
developments comprise both slow-changing trends (e.g. demographics, ideology, spatial
structures, geopolitics) and exogenous shocks (e.g. wars, economic crises, major accidents,
political upheavals)” (Geels, 2018, p. 225). The decision towards the electrification of the
transport sector and its strategy as cause from the Climate Crisis and pressure on industry and
politics.
Niches comprise the “micro-level” (Geels & Schot, 2007, p. 400) section of the transition which
consists of connections often existing on the periphery of the regime where radical innovations
are born and nurtured through experiments (Geels, 2010). These innovations grow as they
“build up internal momentum, through learning processes, price/performance improvements,
and support from powerful groups” (Geels & Schot, 2007, p. 400).

“Niches gain momentum if visions (and expectations) become more precise and more

broadly accepted, if the alignment of various learning processes results in a stable

configuration and if social networks become bigger (especially the participation of

powerful actors may add legitimacy and bring more resources into niches)” (Geels, 2012,

p. 472).
The socio-technical regime is an adamantine level consisting of a multiple of actors from
various areas. These actors hold on to thought and action to their previously formed ideologies
from the drip down in the socio-technical landscape (Geels & Kemp, 2007).
The socio-technical regime “refers to the semi-coherent set of rules that orient and coordinate

the activities of the social groups that reproduce the various elements of socio-technical

systems” (Geels, 2011, p. 27).
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The behavioral bylaws followed by the actors in the regime “coordinate and guide actor’s
perceptions and actions” (Geels, 2012, p. 473). These repetitive actions and installed bylaws
slow transition down. (Geels, 2010). The established regime within the transport sector will try
to postpone the electrification of transport. They want to keep the existing system running as
long as possible to maximize own revenues and avoid investments. This must be overcome with
the political support from the political landscape which is shown for example from the revealed
strategies and economic support for Elnett21.

Geels and Kemp (2007) describe the political landscape as a possibility to create room for
system change through revolutions, new coalitions, and new ideas. Because the scholars have
not followed this idea further, Geels received various criticisms on that and other points, to
which he responded: “Geels combines power and politics to the idea that policymaker and
incumbent firm often form a core alliance at the regime level to maintain the status quo” (Geels,
2014, p. 26). As this is not the general case and especially not in democracies with opposition
parties O. Langhelle et al. argument further in the paper “Where are the politics? Situating
transition politics within the multi-level perspective” for a separate political landscape to see in
Figure 3.2 (Langhelle, Kern, Meadowcroft, & Rosenbloom, 2018, pp. 7-8). It is described by
the authors as a more fluid landscape which has the possibility of slow leaden changes however
it can also have swift changes and “consists of different processes operating in a different
political, spatial and temporal scales” (Langhelle et al., 2018, p. 9). The political landscape is
“exogenous and endogenous to the regimes and niches at the same time” (Langhelle et al., 2018,
p. 10). Kuzemko et al. describe the location of politics compared to Geels in the MLP as
“politics [...] seems to take place rather amorphously at the exogenous ‘landscape’ level”

(Kuzemko, Lockwood, Mitchell, & Hoggett, 2016, p. 98).
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Figure 3.2. MLP actors and levels (Langhelle et al., 2018, p. 14).

Following the idea that the political landscape and politics can influence how transitions can be
implemented. For the whole Elnett21 project the political landscape plays an important role.
ENOVA SF is a state enterprise owned by the Norwegian Ministry of Climate and Environment
which has the task to” reduced greenhouse gas emissions, development of energy and climate
technology and a strengthened security of supply” (ENOVA, 2018).

ENOVA as political player supports Elnett21 with 40 million NOK from a total project scope
of 110 million NOK (ENOVA, 2019). ENOVA makes with that important contribution towards
the strategic development and testing of of technologies and their integration. Elnett21 can be
seen as a niche project which get strategic support from political and other actors. Therefore, it
is suggested to look closer into the theoretical aspect of Strategic niche management and

Transition Management from demonstration projects.
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3.2. Strategic Niche Management

Strategic niche management (SNM) can be related to the MLP and TM but focuses more on
stimulating the development, formation of niches and experiments as a way of stimulating
radical innovations. It is used in relevance as an analytical tool to study the development of
niches and as a governance tool (Torrens, 2018). Niches are platforms for interaction which
emerge out of interaction between many actors. They cannot be controlled, and the role of
policy has to be understood as modulating and enhancement (Kemp, Schot, & Hoogma, 1998,
p. 186). Policy takes over the central actor role to initiate experiments, improve learning, shape
economic success of innovative technologies. However, niches can be restricted in their
development due to new legislation and regulations or other actors. Despite this restriction it
lies in the nature of the niche to find ways and methods around these restrictions and is therefore
not controlled and navigates through the obstacles. SMN has been used strongly in relation to
ex-post analysis of technical innovation and what from this development can be learned about
the use of SNM (Van den Bosch, 2010). SNM lacks an approach that breaks out of the niche
and ex- post analysis (therefore we will look further into TM) to be more useful in experimental

analysis.

3.3. Transition Management

Transmission management was developed as a governance approach with the aim to create
transition areas, where front- runners can realize and experiment with new pathways towards
sustainability (van den Bosch & Rotmans, 2008). Management means in this context there is
no top down control and steering, rather it must be understood as adjusting, adapting and
influencing the development (Rotmans & Kemp, 2008). This approach will be used to transform
persistent problems into a visionary challenge and explore possible options and pathways by

applying experiments (Rotmans & Kemp, 2008). In contrast to SNM , TM does have a social
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problem as starting point whereas in SNM the starting point can often be referred to a
technological innovation which needs an experiment and testing area.

TM has its roots from complex systems science and research on new forms of governance to
work out practical guidelines from case studies and a more practical management framework
approach (Loorbach, 2007; Van den Bosch, 2010). This management framework contains
different instruments from complex system analysis, experiments to monitoring and evaluation.
The TM cycle (Figure 3.3.) collects and connects the instruments into four activity clusters. For
this thesis especially the third cluster is relevant when it comes to executing projects and
experiments on an operational level. Step one of the cycles is developing the strategic long-
term sustainability vision and problem structuring which is one of the main points of TM. The
second step can be overall described as a tactical level within the process (Kemp, Loorbach, &

Rotmans, 2007).

1
Problem structuring,
establishment of the
transition arena and
envisioning

Monitoring,
4 evaluating
and
learning

Developing
coalitions and

transition-z
agendas

Mobilizing actars and
executing projects and
experiments

3

Figure 3.3. Transition Management cycle (Van den Bosch, 2010, p. 45).

Transition Management as a specific form of multi-level governance has three factors which
are relevant if an innovation should occur through participation and interaction. First a selective

participation based on their specific roles, competencies, background, and ambitions for
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innovation. Second by focusing on a long- term collective sustainable development process
with mutual adoption. Thirdly the aim to initiate a transition of social system by promoting
destabilization and changes in structures, cultures and practices (Loorbach, 2007).

A more practical approach towards innovation within these two governance approaches are
their ideal typical equivalents as experiments, which gives a more structural understanding of

the idea of Elnett21.

3.4. Transition Experiments

Transition Experiments have their roots within evolutionary theory and complex system theory
presenting the relevance of variation, selection and the effect that small changes can have
impactful consequences (van den Bosch & Rotmans, 2008). Innovation Experiments, however,
has its foundation within innovation theory and the concept of SNM to develop innovations
within niches and isolated from the mainstream (Geels & Schot, 2007; Levinthal, 1998).
Transition experiments were first defined by Rootmans as “practical experiments with a high
level of risk (in terms of failure) that can make a potentially large contribution to a transition
process” (Rotmans, 2005, p. 50). A newer transition experiment definition with higher
theoretical support and related to the Brundlandt definition of sustainability is defined as
“innovation projects that explore radically new ways of meeting societal needs and solving
persistent societal problems” (Johansen & van den Bosch, 2017, p. 61). Since transition
experiments are driven by social needs, innovation that occurs is not just socio-technical but
inherently institutional, legal, financial or socii- cultural (van den Bosch & Rotmans, 2008).
Classical Innovation Experiments are different since experiments have there a socio-technical
nature in which the starting point is often a technological innovation. SNM focus mainly on
setting up experiments by testing and demonstration in a short-term medium term. The

transition experiments explore more and search for a god solution with a broader governance
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approach including strategic, tactical, and operational transition activities (Van den Bosch,
2010).

For a better understanding and classification of the differences between innovation experiments
and transition experiments lists Table 3.1. them in a short manner. The two extreme ideal types
of experiments in Table 3.1. are radical ideals and more likely is it to find hybrid forms.

However, a distinction is important as it shows with different starting points, of the experiments.

Classical Innovation Experiment Transition Experiment
Starting point Possible solution Societal challenge
(to make innovation ready for market)  (to solve persistent societal problem)
Nature of problem A priori defined and well-structured Uncertain and complex
Objective Identifying satisfactory solution Contributing to a transition
(innovation) (fundamental change in structure,
culture, practices)
Perspective Short- and medium-term Medium- and long-term
Method Testing and demonstration Exploring, searching and learning
Learning 1% order, single domain and individual 2" order (reflexive), multiple domains

(broad) and collective (social learning)

Actors Specialised staff (researchers, Multi-actor alliance (across society)
engineers, professionals, etc.)

Experiment context (partly) controlled context Real-life societal context

Management context Classical project management (focused Transition management (focused on
on project goals) societal transition goals)

Table 3.1. Two characteristics of experiments4 (van den Bosch & Rotmans, 2008, p. 23).

Three main concepts are important by talking about transition experiments. First as previously
named, the main point of TM the societal challenge which provides the level of direction, scope
and region (Van den Bosch, 2010). The challenge guides the search and learning process of the

experiment. Second concept is innovation which relates to everything that can be understood

4 A “classical innovation experiment” refers to the dominant instruments to stimulate
innovation, such as pilot projects and demonstration projects that are supported by subsidies or private R&D
investments.
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as new. As said in the previous definition a transition experiment is a specific type of innovation
project.

The main innovation idea behind transition experiments lies within system innovation (Van den
Bosch, 2010). System innovation is in relation to a concrete sector or region, that a system
innovation fulfils an existing or future societal need in a fundamentally different way which is
in Elnett21 the way of future transport. System innovations are as well describes as
“organisation-transcending innovations that drastically alter the relationship between the
companies, organisations and individuals involved in the system” which shows a close relation
to the different MLP (Rotmans, 2005, p. 11).

The third concept is about learning which can be in an active or interactive way (Van den Bosch,
2010). The main goal of the learning process is to support a fundamental change within culture,
structures and daily practices of multiple actors involved as to find as well in part of the MLP.
Therefore, it is necessary that the experiment is realized in a real-life social context and reach
highest and precise level of learning, which especially the goal from Elnett21(Van den Bosch,
2010). An ideal type of transition experiment would require a Transition Management context
that supports transition experiments with other TM instruments like a complex systems
analysis, long-term sustainability vision, transition arena and transition pathways (Van den
Bosch, 2010).

Especially TM and the experiments are important to get a better understanding about the
Elnett21 and Stavangerregionen Havn case within the academic research. It shows the bigger
picture of system innovation and change, from that Elnett21 in general is just a small step
towards a more sustainable and electric transport system. Transitions are thereby not always a
question of technical and practical execution. Moreover, is it important that support and
cooperation from different actors is given to reach the state to implement a transition and
development experiment otherwise the developed technology could stay within the niche as

shown through the MLP.
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4. Research Methodology

4.1. Research Design

The research design is the roadmap for a successful implementation of research. Therefore, the
following paragraph will show why a mixed method approach was selected. The concept of
using mixed methods has gained more acceptance and prominence in the last years especially
in interdisciplinary research. Even though there are several critics about the combination of
qualitative and quantitative research newer views see mixed methods as feasible and desirable
(Bryman, 2016).

To ensure the quality, reliability and validity of the mixed method approach we will use six
guidelines that describes Good Reporting of A Mixed Methods Study (GRAMMS) developed
by (O'cathain, Murphy, & Nicholl, 2008). Those were developed due to lack of transparency in
the reporting of mixed methods studies within health service research but as well in other
sectors.

The research of the study focuses on a mixed method approach analysing current development
within the market and research and creating and collecting data around estimation of PV solar
and electricity consumption. With an extensive content analysis on decentralization, why and
how Solar PV and battery storage are future oriented technologies. A theoretical setting why
demonstration projects like Elnett21 are crucial for reaching climate and sustainability targets
through experiments and actor support within the society. The extensive review showed that
solar and battery storage should have a bigger role in the future energy and electricity system
in Norway. The review was heavily based on a qualitative literature review and analysis. To
support these results the quantitative part of this research will focus on solar and battery
potential in the case of Stavangerregionen Havn and the demonstration project Elnett21. This

will either support the idea and gives some chance for generalization of the findings or falsify
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it in that case study. This design helps to combine data and findings in a social science study
and the use of techno- economic analysis methods.

The research design can be described as an exploratory sequential design with its origins in
qualitative data collection and content analysis. This builds the foundation and preparation for
the prioritized quantitative data collection and analysis. The findings will then show if the
qualitative results can be verified by the quantitative results (Bryman, 2016).

The priority within the data collection lies within quantitative data to explain the case of
Risavika and Stavangerregionen Havn and its techno-economic analysis within the bigger
picture of the need for electrification and large-scale demonstration projects. Due to the
sequential method, is the qualitative data collection and analysis the first step. Outgoing from
those results and understanding the quantitative collection and analysis can be developed and
placed in the correct setting.

The qualitative data collection occurs within written long and short-term case studies, research
reports and development news and trends of the research and market field. Through that the
study has the possibility to use newest published information to build the foundation. The pace
of technological development is high and happens on a global scale, so the constant flow of
information ensures the quality of the research. One example is the shift in the use of PV cells
from 270-300W to newer and now more cost effective 320-340W panels. Qualitative Interviews
are not able to ensure the constant flow of information and are difficult to conduct on a global
base.

The quantitative method collects electricity consumption and cost data related to the ferry-
terminal at Risavika. Software’s from K2 and PVsyst are used to generate data which will be
used to show the production potential, simulated production, shading, and economic
performance. The integration of the qualitative method in the first sequence guides the direction
in which the quantitative analysis and results should go. The numeric results and their fineness

can, however, just be provided from quantitative methods.
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There is some limitation when it comes to qualitative content analysis. Many reports and articles
are based on quantitative results and research, which increases the share of quantitative data.
However, this is necessary to get an understanding of the technologies development and how
they are used and currently applied. Additionally, the recent technology and market
development within decentralisation, Solar technology and especially battery technology is so
fast that the only way to keep up with this pace is article and research reviews.

The mixed method gave for this study insightful information about the status on
decentralisation, the use of Solar PV and especially about the fast development of battery
storage technology. Especially the information about the price and environmental performance
of both technologies is crucial to generate long-time benefits with a system installation. The
qualitative information about limitations and struggles of PV solar that the estimation of
outcome and reliability must be compensated by storage technology to provide a reliable
system. That information is then used and needed to set up the technical and economic

parameters and boundaries in which the experimental case study can be simulated and analysed.

4.2. Study sides

The study location is placed in the area surrounding Stavanger in Norway. Figure 4.1. shows
the three locations which are the central point of Elnett21 demonstration project. Element of
analysis in this study will be the harbour (BAT) in the north-west at Risavika. The Figure shows
clearly the three industry and energy hubs in the region in the south the airport (FI'Y) and in the

East Forus (BUSS).
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Figure 4.1. Elnett21 location layout Harbour, Airport and Forus (Avinor, 2019, p. 10).

As previously described is this area in Norway in general suited for the installation of Solar PV
comparable with several regions in mid- Europe. Which results in an annual irradiation factor
of 854 kwh/m2 according to the findings in the PVsyst report from the terminal building in
Table 5. 3.. The location at Risavika is close to the open sea on the west so Solar PV roof
installations must be adjusted to that and must be strong wind approved. The location due to its
orientation in the northern hemisphere affected by shorter winter days and longer summer days.
The study entails in total 10 buildings that should be evaluated on their solar production
potential. Table 4.1. gives an overview over the building number, the tenant who operates the
building and the address.
Bulding Nr: Tannent adress

1 Stavangerregionen Haven Kontinentalvegen 31, 4056 Tananger
2 Res(O Stavanger/ Axiom Process Norge  Kontinentalvegen 35, 4056 Tananger

2 Pentagon Freight Services AS Risavika Havnering 321, 4056 Tananger
4 vallourec Norge Havnering 309, 4056 Tananger,

5 Franzefoss gjenvinning Havnering 227, 4056 Tananger

6 Franzefoss gjenvinning Havnering 227, 4056 Tananger

¥ Kuehne + Nagel A5 Havnering 247, 4056 Tananger

& Kuehne + Nagel A5 Havnering 247, 4056 Tananger

9 Stavanger tourist Information Strandkaien 61, 4005 Stavanger

10 Possibilty terminal Stavanger Medre Strandgate 89, 4005 Stavange

Table 4.1. Study cases(self-created).
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The side at Risavika entails 8 roofs owned by Stavangerregionen Havn, where building 1 is the
ferry-terminal building and main study point for the techno-economic analysis. Building 7&8
are the only buildings in this study what a gable roof with a North-South and East-West

direction as possible to see in Figure 4. 2..

!

N

Figure 4.2. Risavika study side buildings 1-8 (Finn.kart.no).

Two roof sights for the Solar PV estimation are in the centre of Stavanger at the harbour to see
on Figure 4. 3.. Outgoing from that, 10 roofs in total should get a Solar PV modelling
estimation. Building 9 is the tourist information centre and number 10 the possibility terminal
(mulighetsterminalen). Both Figure 4.2. & Figure 4.3. are recorded with the card function of

Finn.no because building number 3 is not built yet in the actual google maps version.
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Figure 4.3. Stavanger city harbour study side building 9-10 (Finn.kart.no).

4.3. Data Collection Methods and Instruments

The data sources and collection can be divided into two categories for this study. First is data
that is provided from Stavangerregionen Havn like energy consumption, electricity bills
corresponding to that consumption or architecture drawings from some buildings. The second
category of data is generated through modeling the Solar PV roofs and production simulation.
Consumption data is necessary to see at first to which degree it could be possible to cover the
demand with locally generated energy. Second to localize at which time stamps consumption
peaks occur and if it follows regular patterns which later could be covered by battery storage if
production is too low.

Electricity bills are later useful to identify on which scale the local electricity production
reduces those bills and the long-term economic benefit of that development investment.
Architectural data will be useful for construction of the 3D model needed for the production
and shading simulation.

The roof modeling a web-based tool from the company K2 Systems is used (K2, 2020). With
the web-tool it is possible to modulate the roofs and the corresponding mounting system for
solar technology. The Web-tool is divided into six steps. First the project description with

finding the location. Second the roof modulation with variables like building height, roof pitch

50|Page



and characteristics of the roof like the sheeting material and their corresponding friction
coefficient. The friction coefficient is important to ensure later in the process a proper ballast
calculation of the installation. Third step is the design of the modules and the module arrays
with selecting the wanted PV modules and correct mounting system. Furthermore, are done
adjustments about thermal gaps between modules to avoid overheating. Those are adjusted by
load exceedance. The fourth part is related to the load estimation which requires input data like
wind speed or snow load. Both are needed to ensure that the modules stay in place even in
strong winds up to 28 m/s or the roof does not collapse due to snow load.

The fifth part present the ballast plan as results from the design and load calculation. If the
ballast at certain roof areas exceeds the allowed maximum adjustments of the allocation of
module areas and thermal gaps must be made within the previous design section. The last part
of the web-tool is the summary which presents the amount of mounting equipment needed,
ballast plan, mounting description from every module area and how many PV modules have
been used and which energy output could be possible with that. The K2 System modeling is
done to build the corresponding shading simulation system within PVsyst furthermore to get

detailed information about the mounting equipment, load and orientation of the module areas.

The PVsyst software was developed to study and simulate PV systems already in 1992. The
software entails tools like the construction of 3D buildings and a shading simulation. With its
interconnection of historic weather data it is possible to simulate hourly production data from
amodel (PVsyst, n.d). For this study was used historic weather data from Meteonorm 7.1 (1991-
2010) which is integrated into PVsyst. PVsyst has a wide range of functions and is one of the
most powerful programmes which uses a multi-level approach and therefore used various
groups like architects, PV specialist engineers or scientists. PVsyst contain three main
application levels which are preliminary design and system sizing, project design and measured

data analysis and tools (photovoltaic-software.com, n.d.).
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The System Design board has databases on PV modules and inverters that could be used for the
design or own equipment could be uploaded as well. For this study will be used PV modules
from international established and well-known producers. Main panel will be from the top PV
supplier Solar Fabrik according the certificates from the EuPD Research Sustainable
Management GmbH (EuPD, 2020). The Mono S2 Halfcut 340-watt panel which is known as
high performance module with a great cost -efficiency ratio. The conversion efficiency is listed
at 20,14% and the operating temperature is given from -40°C to 85°C at the data-sheet (Solar
Fabrik , 2020) . The second module which is used in a comparative perspective is from Sun
Power the Maxeon3 400-watt commercial module (Sun Power , 2019). Important is to mention
that this module is internationally listed with a record breaking efficiency energy conversion
rate of 22,6 % (Review.Solar, 2019). Inverters for the simulation are used from the international
operating company Ginlong Solis from China. The company has since been top ranked for
several years internationally and delivers very good and reliable products (Review.Solar, 2020).
For this master thesis PVsyst is used to create 3D models of all buildings, roofs, and PV
installation. This delivers access to a simulation report for each roof with information about the
performance of the installation its losses and monthly production output. It is especially
important to receive the information about the realistic production data based on historic
weather data including all loses due to temperature changes, irradiance level or technical

factors. Based on these numbers further analysis can be done.

4.4. Data Analysis
The gathered quantitative is analysed with the following five steps.
Step 1:
The first step is the analysis of the information collected from the K2 modulation and PVsyst

simulation. Those determine how many modules will be installed, what peak production is
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possible under 100% system efficiency and the amount of simulated production for a given
year. All three findings are essential to run the project cost, cost saving potential and long-term
economic evaluation.

Step 2:

The second step analyses the electricity consumption data to become an overview of the load
curves and peak demand from the terminal building. The collected consumption data from the
terminal building get reformatted to average monthly consumption data for every hour. This
format is used that consumption and production data can be merged through a simple
mathematical subtraction process. The new set entails information about the hours for every
month where production is below or above consumption. The gathered results from this analysis
are used to show average excess production and still existing peaks in the consumption profile.
Based on this information is the sizing analysis for the battery storage executed to determine an
appropriate battery size according the 2019 consumption profile.

Step 3:

The gathered invoice data for 2019 is analysed to find the main cost factors throughout the year
and how much the peak demand affects the costs as a variable that could be actively adjusted
through the installation of solar PV and battery storage. Further entails the analysis the merging
of the simulated production data and outcomes from the electricity invoice analysis. This
combination should show how much money would have been saved within the year 2019
simulation through the monthly energy production. This gives information about the savings if
a 100% self-consumption is possible and savings of a more realistic self-consumption. Further
will be selling opportunities for the excess energy evaluated and its possible capital earnings.
Last part in the savings analysis concerns the battery storage and its possible yearly cost

reductions according the Terminal invoice data of 2019.
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Step 4:

The fourth step contains the analysis of Solar PV project costs in connection to prices of “NOK
per installed Wp”, including Operation & Maintenance costs (OMC). This should as well give
an understanding of effect of OMC on projects economic performance. The project costs are
based on the research of overall system prices in Norway from Multiconsult & Asplan viak
report and experience of prices drops in recent years and the given module costs.

Step 5:

The last step of the analysis combines the analysis of total possible project investment costs and
possible corresponding savings in the terminal building and its payback time. The analysis will
cover scenarios as well with a 20% lower investment cost and a cheaper second battery storage
unit which gives us different payback time scenarios. Despite the self-consumption rate are all

other variables and prices hold constant to increase the compatibility between the results.

4.5. Assumptions of the Study

This study assumes that Stavangerregionen Havn has great potential for Solar PV installation
and production of electricity. Furthermore, it will be assumed that through the installation of
battery storage within the Terminal building gives the option for significant cost and peak
demand under current prices and consumption. Lastly, it is assumed that increasing prices for
grid and electricity in the future will benefit an investment in Solar PV and storage. Those
assumptions can be done based on the qualitative literature review on decentral energy

production and development and storage technology globally and in Norway.
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4.6. Limitations of the Study

This study will face three main limitations which especially are related to economic analysis of
Solar PV projects and battery storage installations.

Solar PV systems are containing a large range of different cost factors. Solar modules and
inverters are a relative huge share of this costs. Other costs associated with Solar PV
installations are collated under the concept of Balance of System costs (BOS). Those entail
project costs cover labour costs for mounting equipment for the roofs, cabling, electronics,
transport costs, permission fees.® These costs are difficult to calculate or estimate for companies
itself and especially for individuals outside those companies. Therefore, a literature and report
review of projects costs development in recent years will be done. The goal is to receive
information and data about the cost share of the different categories of Solar modules, inverters,
and BOS costs. Those will be collected, and an average cost distribution calculated and then
used for the share distribution.

A similar limitation is given within the cost projection related to battery storage. Battery prices
are decreasing rapidly due to the strong increasing production amount and development
progresses. Therefore, is it possible to get monthly data about further price drops and progress.
Prices within battery storage technology vary strongly due to size, capacity, material used, and
cycle life as previously mentioned. This study will focus on battery cost data which is reported
as actively installed and tested. Due to the reported variance of stationary storage prices is
suggested to use three intervals for possible costs for battery. The intervals will range from to
7000 NOK/ kWh and 12.000 NOK/ kWh.

The third limitation of this study is the impact of weather and climate changes on the
performance and generation of electricity for Solar PV, Hydropower and other sources that are

weather dependent. As NVE pointed out in their report will the fluctuation of storage capacity

5> Appendix: BOS cost breakdown example
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increase due to more extrem weather from climate change (Koestler et al., 2019). Extreme
weather will affect as well Solar PV so will sunny year increase the generation whereas in rainy
years the generation may drop significantly. According to Yadmelat (2019) varies the
production annually between -10% and +10% over the year and in summer -20% and +20% in
Norway. Due to climate change could this fluctuation increase even more. This means that the
simulations from PVsyst can vary dependent on the year significantly which brings several
uncertainties into the data evaluation process. The evaluation of future production data over an
evaluation period of 30 years can vary significantly and therefore to be understood as a trend
that could occur. During high electricity generation years from hydropower will electricity
prices be in general lower as in years where less generation is possible as the summers of
2018/2019 have shown. This will make then local produced electricity more or less valuable in
comparison with effect on savings and payback time. Therefore, all long-term evaluations in
this study must be handled with care. Table 4.2. gives more information about values and

boundaries needed for the following analysis and evaluation process.
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Evaluation boundaries Value Source
Electricity price 2019 average 45,9 gre/kWh Average bills 2019
Grid & consumption fee 2019 average | 19,8 gre/kWh Average bills 2019

Electricity price forecast 20-25- 30- 40

45-55-52-45 gre/kwh

(Behnsdalen et al., 2018Db)

years
Grid & consumption fee 2020 average | 20,3 gre/lkWh (Lyse_Elnett, 2020)
Effect consumption price 80Kr/kWh

Excess electricity sell price 100 gre (Tibber Norge AS , 2020)

Weather/ Climate forecast effect

high fluctuations

(Koestler et al., 2019)

Energy Fabrik module

0,28 €/wp

After request

Sun Power module

0,7 €/wp

After request

Industrial Battery storage prices

700-1200 €/kwh

(Figgener et al., 2020;

Tsiropoulos et al., 2018)

Norwar PV system prices NOK/wp

10-14 NOK/wp

(Multiconsult & Asplan

Viak , 2018)

Inverter & BOS costs

average values

(Fronius, n.d.; GreenZu,
2018; Solar Choice , 2011,
WWF & Accenture ,

2016)

O&M costs annually

0,5 % of Project cost

(Kvalitetssjef, 2018a)

Table 4.2. Boundaries & assumptions used in the data analysis (self-created).
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5. Research Findings

The research findings of this study are divided into four main parts. First findings related to the
qualitative analyses of research and literature related to the potential and opportunities of
decentral energy production through Solar PV and stationary battery storage in Norway and
within the context of Elnett21 as a Transition experiment towards a more sustainable society
and transport division.

Second the findings related to the modulation and simulation through K2 and PVsyst for all
project roofs. This will focus especially on the terminal building and its potential and possible
contribution to energy production and consumption.

Thirdly the findings from the electricity invoices from Stavangerregionen Havn from 2019 and
the consumption data for the ferry-terminal building.

The fourth part concentrates on the economic analysis of the Solar PV systems in a comparative
perspective. The main focus will be on the terminal building and its economic performance
based on simulated production data and the collected consumption and associated costs data for

a time series of 30 years.

5.1.Modulation and Simulation evaluation

5.1.1. K2 Modulation
The roof Nr.10 associated with the Possibility terminal (Mulighetsterminalen) located in the
centre of Stavanger is based on my abilities and knowledge not suited for Solar PV installations.
Due to its wave shape major changes to the roof structure would be needed. Therefore, the
Possibility terminal will be excluded from further evaluations. All remaining roofs except the
two related to Kiihne & Nagel are flat roofs. Most of the roofs have no major issues with shading
through other roofs, building structures tress or objects. Only building three associated with

Pentagon Freighet Services AS has due to its specific architecture partly issues with shading
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see Figure 5. 1.. General practice for flat roofs is the use of East-West panel constructions where
one panel is directed with a 10-degree angle into East and the other into West. In this case the
front placed building section in East-direction is according architecture data four meter higher
than the rest of the building. Due to the sun rotation from East to West will be the marked filed
Nr.3 (Figure 5.1.) shaded significantly from sunrise until 12.00. Especially, the East oriented
modules will strongly underperform. A more efficient solution is a solely West orientation with

a 10-degree angle which harvest after the sun rotation until sunset with greater potential.

Figure 5.1. Building 3- Pentagon Freight with West directed field Nr.3 (PVsyst).

As consequence of the West orientation will be the ballast placement and management a major
challenge. Single direction orientated flat roof systems are less strong wind resistant which is a
major factor close to the sea at this location and requires more ballast. The K2 modulation gave
after several spacing and row adjustments no more warning due to roof overload.

The buildings 6 and 7 from Kihne & Nagel had are associated with two problems related to
modulation see Figure 5. 2.. Firstly, due to the web-based 2D modulation software from K2
which is based on Google Earth satellite pictures from a bird perspective view. This caused the
issue that the roof was awry in the beginning and difficult to size. The issue is due to the

combination of roof pitch and bird perspective. After several adjustments to the roof layout and
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its obstacles modulation for building 6 was possible. The second challenge was related to
building 7 and the two building objects integrated as second floor in the roof. As consequence
of the eaves of both roofs, the module area got reduced in the first modulation process and the
shading area was too unspecific. Through subsequent access to 2D architecture data was it
possible to recreate the eves and the corresponding module field. Measurement tools in PVsyst
and K2 are thereby crucial to transfer the data. The remaining buildings entailed no major

complications in the K2 modulation besides ballast management.

EAST

Figure 5.2. Building7- Kuehne + Nagel AS with second floor obstacle (PVsyst).

Therefore, the next step is to explain the main differences which occur through the change of
the PV module type. To show this | modulated exemplary an alternative version of building 1
and 2 with the SunPower 400-watt panels. Main differences are of the gathered data is presented
in Table 5. 1.. The data reveals that by using the 400- watt modules in general a higher
production potential is possible. It shows as well that due to a bigger module dimensions the
module amount is reduced. In case of building 1 the difference of 4 modules is not vital whereas

the difference of 16 modules at building 2 is significantly bigger. The loss of 16 modules offsets
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therefore a major increase in potential production capacity. Which points out that bigger and
more efficient modules not always bring a significant benefit, especially when their price is
significant higher, and the roof shape hinders good allocation. In case of building 1 the potential
production has increased significantly by 23 kWp which represents an increase of around 16%.
It is necessary to evaluate in the further process of this study what the potential benefit of those

additional KWp is.

Building Nr. Tenant PV module sort PV modlues units K2 K2 Potential production kWp
1 Stavangerregicnen Haven SF 340 402 137
1.a Stavangerregicnen Haven 398 159
2 ResQ Stavanger/ Axiom Process Norge SF 340 252 36
2.a Res( Stavanger/ Axiom Process Norge 236 95
3 Pentagon Freight Services AS SF 340 1004 341
4 vallourec Norge SF 340 534 182
5 Franzefoss gjenvinning SF 341 560 180
6 Franzefoss gjenvinning SF 342 724 246
7 Kuehne + Nagel AS SF 343 245 g3
8 Kuehne + Nagel AS 5F 344 181 62
9 Stavanger Touristinformation SF 345 200 68
SUM normal 4102 1.395
SUM variant 4082 1427

Table 5.1. K2 modulation results, PV amount & production potential (self-created)

The data gathered from K2 gives an electricity production potential outcome of 1.395 kWp for
the sum of all systems with the used Solar Fabrik 340-watt panels. The production potential
with the variations 1l.a & 2.a the production potential rises to 1427 kWp with 20 less PV
modules. The lowest production potential has building 8 with 62 kWp and the highest is
connected to building 3 with an overall potential of 341 kWp.

The conducted K2 modulation are the technical benchmark and ensure a technical and practical
execution of each of the simulated buildings and their roofs. Based on the collected information
presented in Table 5.1., the K2 calculation and assembly report, the corresponding module

fields can be sized and simulated in PVsyst.®

& Appendix: K2 report for Building 1 with the 340-watt configuration
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5.1.2. PVsyst simulation

The PVsyst simulation delivered for all buildings a great amount of relevant data for future
economic evaluations. However, there are two challenges or limitations connected with the use
of PVsyst. Firstly, the roof pitch orientation of the designed building and PV system must be
the same orientation otherwise the software will have issues connecting those to one system
which results in wrong shading and production calculation. To avoid this the roof pitch
orientation, must be transferred from the K2 roof design section.

Second challenge is connected to the sizing of the PV system and results in a variance of module
amount between K2 and PVsyst. The first step entails to use the kWp data from K2 to decide
the capacity and amount of the inverters for the system. Based on the number of inverters and
their capacity is set how many cable strings can be connected to the inverter and how many

modules can be connected within one string. The following calculation will show the issue:

Required modules K2 402
kKWp K2 137
at operation condistions kWp 125
&0 KW inverters used 2
madules per string String amount modules amount PVsyst
15 21,16 399
20 20,10 400
21 19,14 399
22 18,27 396

Table 5.2. Building 1-340-watt system sizing (self-created)

As know should be 402 modules placed on the roof of building 1. For this system are used two
inverters with a capacity of 60 KW which would be able to cover the electricity input which
will fall below 125 kWp due to system and efficiency losses. For those inverters it is most
efficient when 20, 21 or 22 modules are connected to one string. For smaller inverters, the
amount if 10, 11 or 12 modules. Those are given numbers and cannot be exceeded or undercut

in PVsyst due to technical limits of inverter equipment and inefficiency. The existing module
62|Page



amount from K2 402 gets divided by modules per string to give the amount of strings required
for the whole system. Since there exists neither half modules nor one third strings as the
calculation in Table 5.2. suggest for the string amount, does PVsyst use more or to less modules
in its simulation. Due to this limit will be a small variance documented in the amount of PV
modules between K2 modulation and PVsyst simulation. In the practical implementation this
will not be a major issue due to efficiency losses so one additional module per sting can be
compensated.

The following section of the PVsyst present first an extensive explanation and analysis of the
simulation from the terminal building 1. The second part will focus then on the overall results
from all other simulated PV systems. The simulation in PVsyst is based on the irradiance,
diffuse, temperature, wind speed and sun irradiation data from the defined location. The
simulation is based on the Meteonorm 7.1 data and ensures the correct simulation through
historic data.

The Global Horizontal Irradiance (GHI) is the described as the total amount of shortwave
radiation received by a horizontal surface defines how much light could be converted into
electricity per square meter as given in Table 5. 3.. The Diffuse Horizontal Irradiance (DHI) is
described as amount of shortwave radiation received through the diffusion of the sky and clouds
per square meter. The low GHI and DHI values from November until March indicate that only
a small production of electricity through solar PV is possible. For the performance of the system
are low temperatures beneficial which is given in Norway throughout the year. Which means
that Norwegian summer temperatures will not significantly reduce the output and generate

production losses.
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GlobHor DiffHor T_Amlb

KWhii'm2 kKWh/m? o
January 6.7 5.98 1.84
February 16.8 12.63 1.4
March 61.9 32.90 332
April 109.9 51.25 1.56
May 152.7 74,60 11.10
June 156.1 74,70 13,53
July 135.9 FE.14 16,06
August 9r.3 34,46 16.01
September 58.8 37.13 12.78
October 33.6 19.78 B.79
Movember 10.6 7.3 5.11
Decembar 3.7 1.21 2.27
Year H54.0 452,10 B.36

Table 5.3. Building 1-340 irridaanz and temperature simulation (PVsyst report B1)

The normalized production per installed kWp shows that especially in the months of November
until March the normalized production is low as consequent of the low GHI and DHI values for
those months. Figure 5.3. confirms that the normalized production in May exceeds the

production of the summer month Juli due to higher GHI and DHI values.

Normalized productions (per installed kWp): Nominal power 136 kWp

7 T T T T T T T T T T T
- Lc : Collection Loss (PV-array losses) 0.24 KWh/kWp/day E
sk Ls : System Loss (inverter, ...) 0.1 kWh/kWp/day n
Yf : Produced useful energy (inverter output) 1.99 kWh/kWp/day
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Figure 5.3. Normalized production per kWp (PVsyst report B1).
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In respect to losses shows the simulation that the system is well designed, and system losses
caused by inverters and cabling are bellow losses that occur through the PV modules and its
given orientation on a flat roof.

The simulation of the normalized production per kWp for a one-year period results in a
simulated production of 99 MWh and an overall Performance Ratio (PR) and system efficiency
of 85,6 % as Table 5.4. shows. The PR reflects thereby the impact of overall system losses
connected the produced electricity output. The effective energy at the output of the array
(EATrry) is the energy that is available as output at the modules before losses through cabling
and inverters. The actual energy that is available to consumption or sell is the (E_Grid) variable
which is the corresponding energy that would be injected into the grid. Base on the values of
this variable the study will conduct further analysis and evaluation. The high simulated average
Performance Ratio of the system for the months March until September indicates good
electricity production. The months November to January reveal a collapse in electricity
production and the Performance Ratio due to the absence of enough convertible light and

shortwave radiation.

EArray E_Grid PR
Mwh MWh
January 0.74 0.50 0.565
February 2.00 1.68 0.746
March 7.67 7.28 0.869
April 13.61 13.19 0.886
May 18.66 18.12 0.878
June 18.94 18.36 0.870
July 16.36 15.79 0.861
August 11.66 11.14 0.849
September 8.28 7.87 0.846
October 4.01 3.63 0.798
November 1.18 0.93 0.651
December 0.37 0.23 0.504
Year 103.48 98.72 0.856

Table 5.4. Monthly simulated EArry, available electricity, system PR (PVsyst report
B1).
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Three variables can be identified in the loss diagram of the PVsyst report that have a major
share on efficiency losses in Figure 5. 4.. First is Incidence Angle Modifier (IAM) with 4,72%
which “corresponds to the decrease of the irradiance really reaching the PV cells’ surface, with
respect to irradiance under normal incidence” (PVsyst, n.d.). Those losses are mainly associated
with reflections due to the glass cover of PV modules and the incidence angle. Second variable
are inverter loss during operation of 4,59% which are directly related to system efficiency.
Lastly with a share of 2,24% PV loss due to irradiance level also described as linear shading

losses from close PV modules.

854 kWh/m? Horizontal global irradiation
-0.70% Global incident in coll. plane
-0.17% Gilobal incident below threshold
-0.63% Near Shadings: irradiance loss
-4.72% |AM factor on global
803 kWh/m? * 675 m? coll. Effective irradiation on collectors
efficiency at STC = 20.18% PV conversion
109.3 MWh Array nominal energy (at STC effic.)
-2.24% PV loss due to irradiance level
-0.77% PV loss due to temperature
+0.75% Module quality loss
-1.50% LID - Light induced degradation
-1.10% Mismatch loss, modules and strings
-0.59% Ohmic wiring loss
0.00% Mixed orientation mismatch loss
103.5 MWh Array virtual energy at MPP
-4.59% Inverter Loss during operation (efficiency)
Ki 0.00% Inverter Loss over nominal inv. power
0.00% Inverter Loss due to max. input current
K-) 0.00% Inverter Loss over nominal inv. voltage
k) -0.02% Inverter Loss due to power threshold
K\ 0.00% Inverter Loss due to voltage threshold
98.7 MWh Available Energy at Inverter Output
98.7 MWh Energy injected into grid

Figure 5.4. Annual loss diagram simulation Terminal 340-watt (PVsyst report B1).

Table 5.5. represents the last part of this section about relevant findings from the terminal
building simulation. The data represent the Monthly / Hourly average electricity that is available
to consumption or sell. For hours between 21.00 and 3.00 is no production simulated from

PVsyst. The numbers indicate that the main production is in the time range of 11.00 — 13.00
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where the average production throughout the year is above 30 kW. Highest average production
is computed for June at 13.00 with an average of 62 kW. Lowest average production of 0,1 kW
is computed for January at 9.00. This production simulation and computed table show
exemplary the effect of winter and summer season in the northern hemisphere. With the
characteristic of short days with less light in winter and long days with significantly more light
in summer. Table 5.5. and its format will be in the later phase of the evaluation process merged

with consumption data from the terminal building which has the same layout.

B1_Terminalen_340W
Monthly Hourly averages for E_Grid [kW]

4H SH 6H 7H 8H GH 10H 11H 12H 13H 14H 15H 16H 17H 18H 13H 20H 21H
January 0.0 0.0 0.0 0.0 0.0 0.1 1.1 2.8 4.1 4.4 2.7 0.8 0.0 0.0 0.0 0.0 0.0 0.0
February 0.0 0.0 0.0 0.0 0.1 1.8 5.2 87 10.1 14.1 111 5.8 2.1 0.0 0.0 0.0 0.0 0.0
March 0.0 0.0 0.0 2.4 9.5 18.4 2.7 32.5 35.0 35.2 0.4 22.9 14.3 6.1 0.5 0.0 0.0 0.0
April 0.0 0.4 3.1 15.5 8.6 41.5 49.7 55.3 53.9 52.0 47.4 8.1 2.7 16.6 7.2 0.7 0.0 0.0
May 0.7 6.9 17.4 30.5 40.8 50.8 59.6 59.9 63.0 60.7 57.2 47.5 38.9 26.5 16.4 6.6 1.0 0.0
June 26 2.0 13.2 29.0 39.4 46.6 54.0 57.3 617 619 59.9 52.1 45.9 34.5 22.9 12.5 4.5 0.0
July 1.2 6.0 14.6 25.1 35.0 43.5 50.4 50.6 51.4 45.9 48,5 41.4 35.5 27.4 17.7 8.5 26 0.0
August 0.0 0.8 5.4 13.0 20.7 28.0 33.7 39.6 44.0 43.6 399 345 6.7 17.7 9.2 2.7 0.0 0.0
September| 0.0 0.0 0.6 5.8 13.6 215 27.8 315 33.1 38.2 334 26,5 18.6 9.8 1.9 0.0 0.0 0.0
October 0.0 0.0 0.0 0.9 4.0 8.7 13.4 17.1 18.7 20.5 17.1 11.2 4.9 0.6 0.0 0.0 0.0 0.0
November 0.0 0.0 0.0 0.0 0.0 1.6 4.1 6.0 6.9 1.4 3.8 1.4 0.0 0.0 0.0 0.0 0.0 0.0
Decemb 0.0 0.0 0.0 0.0 0.0 0.0 0.8 1.8 2.2 1.8 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Year 0.4 1.9 3.1 10.2 18.0 22.0 7.4 30.4 32.1 32.5 9.4 23.7 18.0 11.7 6.4 2.6 0.7 0.0

Table 5.5. Hourly average electricity Terminal 340-watt (PVsyst advanced simulation).

The PVsyst simulation computes for all Solar PV systems in year one an aggregated production
of 1,036 GWh and for the variation 1,059 GWh see Table 5. 6.. The lowest simulated production
is from building 8 of Kuehne & Nagel with 42 MWh per year and a Performance Ratio of
84,64%. The Performance Ratio is the lowest across all systems due to the East-West
orientation of the roof pitch and the corresponding module field. The highest system
performance across all projects of 89,44% is from the other Kuehne & Nagel building and its
south orientated roof pitch. Building 3 from Pentagon Freight Services AS with the West

oriented flat roof system reached a high overall Performance Ratio of 88,16% despite the
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shading from East. Furthermore, has it the highest simulated production across all projects with

253,29 MWh per year.

Building Nr. module units K2 odlue units P¥s  Module aream2  Cellaream2  Potential prod. kwp  Simulated production Mwh/year PR

1
l.a

402
398

400
396

675
700

605
631

137
159

93
116

85,59%
86,17%

2 252 252 425 381 26 64 87,64%

2.a 236 240 424 383 95 70 86,03%

3 1004 936 1681 1506 341 253 88,16%

4 534 528 891 798 182 135 88,77%

3 360 560 945 847 150 138 85,19%

6 724 726 1125 1098 246 187 89,11%

7 245 240 405 363 a3 69 89,44%

8 181 176 297 266 62 42 84,64%

] 200 200 337 302 68 50 86,77%
SUM normal 4102 4078 6781 6166 1395 1036
SUM variant 4082 4062 6805 6154 1427 1060

Table 5.6. All projects Summery K2 & PVsyst simulation results (self-created)

The simulation demonstrates for all buildings and systems good results with a low level of
overall loses. The simulation shows as well that in PVsyst were 20-24 less modules used in
comparison to K2 which must be considered regarding the simulated production. Furthermore,
the yearly output can vary from 6-8% due to meteorological changes. For project life
simulations the degradation rate of the PV modules from around 0,5-0,8 % must applied
annually to compute the corresponding production. The module and cell area in Table 5.6. are
given to provide a better understanding of the dimensions of the single system simulation where

especially building 3 with cell are of 1506 square meter sticks out.

5.2. Consumption & storage evaluation

The consumption of the terminal building is recorded by a total number of 12 electric meters
according the online energy overview provided by Stavangerregionen Havn. Only one of the
meters will have significant relevance for this study since from that the main consumption is
reported. Furthermore, it is the only electric meter that has a tariff contract for big industry
which means a consumption of over 80 KVA and additional payment for high effect prices

which will play in further analysis a major role. The total electricity consumption 2019 for this
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meter is reported with an amount of 369.058 kWh. The following energy effect Figure 5.5.
shows for how many hours within 2019 a certain amount of energy is consumed. The figure
shows a reported effect peak consumption of around 90 KW and the lowest consumption of 10
KW for the year 2019. With a closer look into the graph and data it can be said that a
consumption above 60 KW is reported for around 700 hours within 2019 which stands for
around 8% of the whole year (8760hours). The peaks of 80 KW and 90 KW are even lower as
possible to see in the graph. Due to those peak hours above 80 KW a big industry contract must

be signed.

Kontinentalvegen 36 industri/kontor Maximum output for period 01/01/2019 - 31/12/2019

Figure 5.5. Effect distribution 2019 main electric meter (Lyse Elnett user portal
Terminal).

For a clearer understanding of the daily consumption distribution are Figure 5.6. and Figure
5.7. provided which represents two different weeks within 2019 that highlight the consumption
distribution and the formation of the peak effects. Figure 5.6. represents thereby a week with
consumption peaks between 6.00-7.00 and 19.00 during weekdays. Pre and post peak
consumption for weekdays are within the range of 40-50 KW. The peak consumption is
connected to the arrival and departure of costumers with ferries from the terminal. Therefore,

as well as for the weekend is a relatively high energy consumption for the early morning and
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evening throughout the night reported. Due to closed offices and lower activity at the terminal

drops the energy consumption during the day for Saturday and Sundays.

06.10.2019-13.10.2019 Hourly Energy consumption (in KW)

BO

KW CONSUMPTION
B
=]

1 2z 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24
DAY HOURS

e VIO s TU E WED s THU FRI SAT s SUN

Figure 5.6. 06-13.10.2019 Energy consumption terminal building (self-created).

Figure 5.7. shows a representative week without peak consumption over 60 KW however with
several drops and rises which should be discussed. For the big drop of energy consumption
from 4.00 until 5.00 no explanation could be found. Rises afterwards are related again to
increased human activity before and after ferry arrival and departure and office space activity.
Consumption drops from around 16.00 during weekdays are due to end of workday. Further

increases and drops through the evening and night are related to ferry activity.
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27.052019-02.06.2019 Hourly Energy consumption [in KW}

KW CONSUMED
ra W

DAY HOURS

—MON  ——TUE WED ——THU FRI SAT e SUN

Figure 5.7. 27.05 -02.06. 2019 Energy consumption terminal building (self-created).

To this point it can be summarized that main drivers for energy consumption is related to
morning and evening activity from ferry arrival and departure and the activity using the office
spaces during the weekdays.

For further analysis are in the Appendix three tables presented.” Two of the tables show data
about the simulated Monthly/ Hourly production average from PVsyst and the Monthly/ Hourly
average electricity consumption data from the terminal building. Both tables now have the same
design and can be merged into a third table that represents the results of the subtraction of
average production and consumption data. Negative values are green shaded and stand for a
higher average simulated production than consumption and possible excess electricity. Red
positive values stand for average values above 60 KW and indicate a high or even peak
consumption of electricity which were previously identified as a cost driver due to effect
consumption tariffs. Those peaks that deviate from average effect consumption of 40-50 KW

are besides being more costly a burden for the grid stability. Because the peaks occur in the

" Appendix: Merged simulated production & consumption
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early morning and late evening can the installed PV system not contribute directly to load
reduction. Additionally, the grid in the morning and evening is already under pressure from the
resident sector due to daily morning and evening routines.

Therefore, it is suggested to use electricity storage possibilities which can reduce through peak
shaving the load profile and components might be work closer to optimal efficiency level which
reduces installation and investments costs. The battery can even increase the performance of
the PV system since excess energy can be temporarily stored and later utilized. Another benefit
from storage is the possibility to charge the battery during the night where electricity demand
is significantly lower. At the next morning, the battery would be able again to supply required
electricity to keep the energy demand from the grid at a stable level. This system works likewise
good during winter days were most of the high peak demand is recorded.

The decision about the size of the battery is determined by three factors. Firstly, at which level
of consumption should be energy supplied by the battery. It should be a level chosen that is not
too close to daily average consumption, so the battery is in constant use which reduces the
battery lifetime rapidly. Secondly how much energy is required to keep the level which refers
to the difference between sought level of consumption and expected consumption. Lastly for
how many hours is supply needed to keep the sought level. Referring to information presented
previously the battery should not be unnecessary oversized due to the high costs of storage
technology. In the case of excess electricity production and an already full battery the electricity
can be sold or used to run heat pumps to support the house internal heating or cooling system
S0 save energy and costs there.

The battery size for the terminal building is composed with the following information. Under
daily operation the building has an average consumption in the range of 40-50 KW per hour as
in the Figure 5.6. & Figure 5.7. shown. To avoid over utilisation of the battery an effect level
of 60 KW is suggested which still gives some effect variance in the daily operation and

increasing average demand due to more activity before using the battery. 60 KW gives enough
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variance as well on the upper demand side before reaching the critical level of 80 KW to pay
extra fees.

The next steps are done by taking a closer look at the consumption data which is given in an
hourly resolution for every day in 2019 from Stavagerregionen Havn and the database of Lyse
in Excel. The highest hourly reported consumption of 90 KW is measured on the 17.12.2019 at
9.00 and the longest connected period over 60 KW is reported on the 11.12.2019 from 7.00
until 14.00. The same day additionally has the shortest break time between the morning and
evening peak which accounted for another 4 hours from 17.00 until 21.00. In total would be 92
KW additional electricity is needed throughout the day to stay at the level of 60 KW. The
highest consumption for a single connected period was recorded on the 11.01.2019 with 5 hours
and a sum of 88 KW used electricity above 60 KW. Based on this information and data from
2019 the study suggests and minimum storage size of 100 kW/h that the battery is not
completely discharged and keep some back up. Under the future aspect of the increasing
installation and development of electric car and truck charging infrastructure the battery size
must be revised upwards.

The next step looks at what economic consequences the current consumption and peak profile
for Stavangerregionen Havn has. Furthermore, what the economic costs the installation of a
Solar PV system and battery storage are and which economic benefits could result from such

an investment decision.

5.3.Economic evaluation

The electricity invoices from Stavnagerregionen Havn for the terminal building are set together
of different variables. First is the fixed grid rent of 18.000 NOK per year, second the variable

grid rent with 3,5 gre per kWh in summer and 4,5 gre per kWh in spring/winter. ® Third the

81 NOK =100 gre
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consumption fee of 15,83 gre per kWh. Fourth is the monthly fixed cost for electricity of 37,50
NOK and at last the actual electricity costs with a variable price per kWh. The average price
payed for electricity in 2019 was 45,9 gre per kWh and a maximum of 60 gre in January and
minimum of 36,8 gre in June. The last costs are the fee to pay by reaching an effect consumption
over 80 KW. The cost for the overconsumption in 2019 were 80 NOK per KW and it is informed
in the invoices of 2019 that this will increase to 100 NOK per KW. As example has
Stavangerregionen Havn paid for the effect of 82 KW the following:
82 KW * 80 NOK = 6.560 NOK

Additional to all costs described must the tax of 25% be paid to get the total costs for electricity,
grid, and effect fee. The corresponding costs for 2019 have a value of 298.003,92 NOK and

372.504,90 NOK including tax.

5.3.1. Production and storage cost savings 2019 evaluation

The first part evaluates savings which can be directly achieved with the installation of Solar
PV. The costs that could be directly reduced by the installation of Solar PV are variable grid
rent per KWh, the consumption fee per kWh and the actual electricity amount per kwWh. In the
optimal scenario where 100% of simulated production get consumed throughout the year the
savings would account for 55.846 NOK and 69.808 NOK including tax for 2019 simulation.
However, the previous analysis has shown that already in the average data a certain amount of
excess electricity was produced. Especially for weekends where the terminal consumes
significantly less electricity during daytime excess energy production on a sunny Saturday or
Sunday will be not consumed.

To show it in an exemplary way the Figure 5.8. entails consumption data from the terminal and
simulated production data for the same period. The data represents the first weekend in May

2019. The data points out that on the 4. May the terminal have had at 12.00 a consumption of
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18 KW whereas PVsyst has simulated a production of 52 KW. This means the system would
have had an excess production of 34 KW during that hour.

4-5 .05.2019 Consumption & simulated Production

T N

1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18 18 20 21 22 23 24
HOUR

—>Sat con. Sun con. Sat prod. Sun prod.

Figure 5.8. 4-5.05.2019 consumption & production Terminal 340- watt (self-created).

Based on this knowledge three options are given. Firstly, the sale of the excess electricity to the
grid. When selling electricity, special agreements can be made to get for example 100 gre per
kWh produced (Tibber Norge AS , 2020). This means however that to a different time point
has to be bought again. For May would be the calculation that 45,8 gre for electricity, 15,83 gre
consumption fee and 3,5 gre grid rent must be paid. This makes together 65,13 gre per kWh
that get purchased. Subtracted with the earnings of 100 gre per kWh a total 34,87 of profit
would be left. Economic wealth can therefore not be generated by selling electricity, which
reflects one of the main ideas from the Norwegian government. Furthermore, the sale of more
than 100 kWh is not allowed which means large scale production without self-consumption is
no option if you are not registered as energy production company.

The second option would be as previously short mentioned the use of the excess electricity to
run heat pumps to support the heating or cooling system. The terminal building obtains its heat
from the Lyse district heating system LyseNeo. The district heating is thereby run to 51% with

bioenergy and 49% fossil gas in 2019 (NFV, 2019). If the excess electricity from the PV system
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would be utilised to reduce district heating consumption could Stavangerregionen Havn directly
reduce their Green House Gas footprint. However, does this analysis and implementation
exceed the scope of this study and should in a separate study elaborated.

The third option is the installation of battery storage that could store the excess energy to some
degree and consequently a lower amount of energy must be sold. Furthermore, would it give
the possibility for peak shaving throughout the whole year that can cut cost related to the effect
fee. The cost related to the effect fee were 40.000 NOK and 50.000 NOK including tax for the
year 2019.

If this would lead to a 100% self-consumption of produced electricity and zero costs connected
to the effect fee 95.846 NOK and 119.805 NOK including taxes could be saved based on the
2019 data. However, since even the battery will be possibly full at one point I will present an
alternative calculation where the already known excess energy would be sold other energy
bought again to keep the consumption balance which would then express an self-consumption
rate of 85%. In total would be then 14.759 kWh due to average production and consumption be
listed as overproduction which would have and sell value of 14.759 NOK. In reverse would that
mean the purchase of additionally needed electricity would generate costs of 9.059 NOK and
11.325 NOK including tax. This would result in a total revenue of 5.699 NOK and 3.435 after
tax. Under the assumption of increasing electricity prices, grid rents and consumption fee the
revenue of sold electricity will decrease further.

Under the price regime of 2019, an 85% electricity self-consumption and battery peak shaving
a total of 101.546 NOK and 123.243 NOK after tax could be saved with Solar PV and battery
storage installation. The same analysis done with the 400-watt module simulation shows that
the self-consumption share would drop to 76% due to an average excess production of 24176
kWh. Savings would then increase slightly to 105.160 NOK and 125.406 NOK after tax.
Under the assumption that the battery storage should increase the self-consumption rate in

comparison to no storage. Further analysis in the long-term evaluation will consider a self-
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consumption rate of 95% annually for storage systems. For systems without battery storage will

be a self-consumption rate of maximum 85% assumed.

5.3.2. Project Cost

As previously described is the set up from the project costs for Solar PV systems and battery
storage technology with several obstacles and limitations connected.

Based on report research and consulting of solar actors in Norway a more realistic share
distribution of costs was possible to find. Especially the 2018 report from Multiconsult and
Aspan Viak show the costs development in Norway and give good guidance (Multiconsult &
Asplan Viak , 2018). However, then the costs of installations have since gone further down as
well in Norway. So presents the report 10kr/Wp systems costs whereas the costs today are
between 8kr for installations above 100kwp and 9kr/Wp below 100kWp. Based on this
information and the actual price for Solar modules from Solar Fabrik and Sun Power a price
estimation can be done. Inverter costs have historically not experienced such a price drop, so
the values from them are as well more reliable than expected. The system costs must be adjusted
for the 400-watt variations since their PV modules are more than two times so expensive.
Furthermore, is to recall that costs for equipment in this study are more conservative since
companies usually get offered discounted prices.

Under the assumption of a price of 8kr per Wp of the system the terminal building would have
first time installation costs of around 1.093.512 NOK. With the given module price of 0,28 €
per wp the terminal building has module costs of 401.866 NOK which would be a share of 36,8
percent of the total costs. Inverter account usually for around 8-10% of system costs which
would be corresponding to 85.481-109.351 NOK. BOS costs could then in the range of
582.295- 604.165 NOK. Further costs that must be accounted in the later operation are for O&M
annually and inverters change after 10-15 years. O&M costs are in Norway calculated as an

annually share of 0,5% of the installation costs. This would account for additional costs of 5.467
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NOK annually. The lifetime of Solar systems is often calculated with the value of 30 years
which correspond to 164.027 NOK O&M costs. However, is this due to the fact that PV
modules have mostly a guarantee of 80% performance for those 25 years. It is however
observed that the systems can operate 40 to 50 years.

Including the required inverter exchange the overall project costs could account for 1.345.020-
1.366.890 NOK. With the decision to add a 100KW battery storage, additional investments for
the 30 years of 1.400.000-2.400.000 NOK could be required including a battery exchange.
Table 5.7. shows the same calculation based on the same assumptions as the previous evaluation
with an inverter share of 8% for buildings. Even though the values have been conducted based
on several assumptions the values give a better understanding of composition and costs that

relate to Solar PV system development.

Building kwp module costs expected instalation costs module share % inverter cots BOS costs O&M 30 costs  Total costs
1 137 401.866 NOK 1.093512 NOK 36,8 174962 NOK 604165 MOK 164.027 NOK 1.345020 NOK
2 86 251.899 NOK FTLI120 NOK 32,7 123379 NOK 457531 MOK 115.668 NOK 948 478 NOK
3 341 1.003.598 NOK 2730880 NOK 36,8 436941 NOK 1.508.811 NOK 409632 NOK 3358982 NOK
4 182 533.786 NOK 1452 480 NOK 36,8 232.397 NOK 802.495 NOK 217.872 NOK 1.786.550 NOK
5 190 559776 NOK 1523200 NOK 36,8 243712 NOK 841568 MOK 228.480 NOK 1873536 NOK
6 246 723710 NOK 1969280 NOK 36,8 315.085 NOK 1.088.027 NOK 295.392 NOK 2422214 NOK
7 83 244902 NOK 749700 NOK 32,7 119952 NOK 444 833 MOK 113.455 NOK 922131 NOK
B B2 180928 NOK 553.860 NOK 32,7 28618 NOK 328.624 MOK 83.079 NOK 681.248 NOK
] B8 199920 NOK 612.000 NOK 32,7 97920 NOK 363,120 MOK 91.800 NOK 752760 NOK

s5UM 13495

4.100.386 NOK

11.456.032 NOK

1.832.965 NOK

5.439.164 NOK

1.718.405 NOK

14050919 NOK

Table 5.7. Possible costs distribution for the 9 Buildings-340-watt (self-created).

For the 400-watt projections can be said that inverter costs will be higher since two bigger
inverters are needed. However, BOS costs should be slightly lower since less material and hours
are required for less panels. Modules cost could account with the current price for 1.70.122
NOK which would be almost 3 times more than the 340-watt installation. With this in mind and
the knowledge from the previous section that the 400-watt increased just slightly savings for

the 2019 invoices. Additionally, would this generate significantly more excess energy and it is
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therefore at this stage of the study not recommended to see those modules as beneficial

investment and include them in the further analysis.

5.3.3. System long-term profitability evaluation

An often-asked questions when it comes to the installation of renewable sources like solar or
wind is if all this is economic profitable and how long it will take. Those kinds of calculations
need constant updates since prices for modules, inverters, BOS cost, electricity, grid, inflation
rates and subsidies are in constant change. Not only are the prices in change but as well
efficiency and performance of the modules and inverters, which effect the electricity output of
the system. To control those variables are a challenge which is easy to fail according the report
from Multiconsult & Asplan Viak and their analysis of previous studies in Norway often
occurred (Multiconsult & Asplan Viak , 2018). Some variables can be easier controlled in this
study for example the production projections through PVsyst or the full insights of the costs
from 2019 for the terminal building. As above shown are especially costs of the systems a
challenge except of PV modules prices which can be used without any issues. Additionally,
electricity prices and grid costs projections are assumed to rise however there is also a big
variance recorded for the next 30 years. Therefore, it is suggested to use methods from daily
business processes like the payback rate.

The payback rate for the solar system would be accruing to this evaluation within the production
year 20 as shown in Figure 5. 9.. The electricity price projection is orientated on the evaluation
from Statnett which shows an possible high price scenario for South-Norway with price
increase until 2025 up to 55 gre per kWh and an decrease from that to a level of 45 gre per kWh
until 2040 (Bghnsdalen et al., 2018a). However, are the huge variance in possible prices due to
climate changes and annual variation, so were prices in 2019 already 5 gre higher as forecasted.
It was assumed 85% of self- consumption at the beginning of operation where excess energy

got sold for 100 gre and offset with the costs to buy the same energy for that year. The
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production degradation is given with 0,8% which would give the panel the required 80% of
performance after 25 years (Solar Fabrik , 2020). Considering the lower production annually
and the assumption of a electricity consumption increase from 0,8% annually after 13 years no
excess energy would be more produced. Grid and consumption fees are hold on a constant price
of 0,203 gre per kWh which is the current price. Significant increases for those fees would lead

then to a higher value of the produced energy and more savings which would then reduce the

payback rate.
Terminal-340 watt payback time
grid/cons. cost constant + NVE ele. cost constant after 2040
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Figure 5.9. Payback time Solar only (self-created).

The following Figure 5.10. shows a payback time within year 15 if a project developer could
offer 20% lower first time investments due to lower cost purchase agreements with equipment
producers and local actors. The starting investments cost would then account for 874.810 NOK.
The grid and consumption fees are still constant over the 30 years and would with an increase

additionally lower the payback time.
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Terminal-340 watt payback time
20% cost decrease + grid/cons. cost constant + NVE ele. cost constant after 2040
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Figure 5.10. Payback time Solar only + 20% investment decrease (self-created).

Under consideration of the utilisation of battery storage Figure 5.11. displays a payback time
of 26 years. Additionally, is now twice a battery with a value of 700.000 NOK installed
represents the lower costs for ISS found in the research previously. Once at the system start and
once after 15 years of operation at the same time with the inverter exchange. This is shown by
the jump in both cost curves. Under the assumption that the second battery, due to development
of the technology, must be much cheaper the payback rate would be significantly shorter.
Would the second battery have a cost of 400.000 NOK the payback rate of the whole system
would fall to 23 years. Savings of the effect fee are set to 40.000 NOK annually which are the
savings according prices 2019 and current prices according to Lyse (Lyse Elnett , 2020). Which
means that an increase of the effect fee would lower the payback rate further. The electricity
prices, grid and consumption fees are hold at the identical level as in Figure 5.9. & Figure 5.

10.. The excess electricity produced was set to 5% percent due to the possibility of full charged
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battery capacity during sunny weekends. After seven years will be no more overproduction due

to module degradation and similar 0,8% energy consumption increase.

Terminal-340 watt + Battery payback time
grid/cons. cost constant + NVE ele. cost constant after 2040

3.300.000,00 NOK 3.000.000
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Figure 5.11. Payback time with battery (self-created).

Figure 5.12. shows an adjusted payback time if as previously the first-time investment costs
would be 20% lower. All other variables are hold identically to the previous calculation. The
payback time for the whole system with the second 700.000 NOK battery would be within year
22. With a battery with costs of 400.000 the playback time would be within the 18 year.

Figure 5.12. highlights furthermore clearly the impact of costs and life cycle of battery storage
selected for this example. The first-time investment costs were paid back already within year
13. However, due to the battery change it takes the system again 5 to 9 years to payback
dependent on the second battery price. Which shows that the lifecycle and costs of battery

storage have big impact on the payback time of such systems.
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Terminal-340 watt + Battery payback time
20% cost decrease+ grid/cons. cost constant + NVE ele. cost constant after 2040
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Figure 5.12. Payback time with battery + 20% lower investment costs (self-created)

6. Discussion

The previous chapter revealed, through different stages, important information that is required
to discuss in the following section the findings in relation to the research questions and put in
context with research previously done. As shown in previous research and actual development
observations do solar installations are getting in focus of private and commercial actors in
Norway. The story that solar installations have environmental and economic long-term benefits
must therefore not be newly told. Moreover, it should be clear that with increasing installations,
the industry becomes more established and can provide better and more cost-efficient solutions.
However, this study is not part of the installations research from some residential or commercial
solar installations in Norway. This study must be seen in the whole picture of Elnett21 and the
importance of Elnett21 as large-scale experiment and demonstration project for the region and
Norway. Therefore, | discussed first the sub research questions and then shown what it does

mean for the overall research question of this study.
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6.1.Addressing the first sub-research question

The first sub-research question was: What is the Solar electricity production potential for the
given roofs and buildings?

As the findings show from the modulation in K2 and simulation in PVsyst, the roofs in Risavika
and Stavanger centre have great potential for electricity production and present overall good
performance. Which sums in the end up to total installed module area of 7905 square meter and
simulated production of 1 GWh in the first year. Taking into consideration that this is just a
fraction of possible production in the region, Elnett21 can profit in large scale from that. To
point out, just Forus has 2 million square meter building area where a big share could be utilised
to produce even more energy if needed (Elnett21, n.d.-a). However, this does not have to mean
that the grid load get reduced during peak hours as we can see at the example of the terminal
building at Risavika where the peaks occur during times and months were solar production is
at a significant lower level compared to summer. The risk for big excess production in late
spring and summer must be accounted and taken care of. In summer could this excess electricity
become a supportive element for the district heating and cooling network were further
greenhouse gases can be reduced. Otherwise would be the solution, as in the case of terminal
the integration of battery storage, which would be able to lower throughout the year peak
demand, especially in times of low solar irradiation. The example of the terminal building
shows what possibilities are given already today to significantly reduce the peak demand.
Depending on the future demand of electricity through planes, buses, cars, trucks, and ships
must the battery storage system be scaled up significantly. The potential for short travelled
produced electricity at Risavika and Elnett21 is given and with additional storage through the
winter and nights. The next part will investigate the economic consequences that such a

development could have and learn from the findings presented previously.
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6.2.Addressing the second sub-research question

The second sub-research question was: What are the economic costs associated with the Solar
PV system and integrated battery storage for the roofs and terminal building?

The findings have revealed that at first such an investment must be categorised as a long-time
investment and even longer with the conservative project cost scenario presented in this study.
If however, due to strong increasing consumption and peak hours the costs for grid, effect and
consumption fees will increase significantly, a solar PV system and battery storage will not just
generate more economic wealth but as well create a more stable grid. As a more stable grid and
future reliable system is one of the main goals of Elnett21 this could be a realistic opportunity
to do a first step into this direction. So instead of investing huge amount of money into big grid
infrastructure that could maybe deliver enough electricity during peak hours and increases the
prices for all costumers. The possibility exists to invest as well large amounts of money into a
system that could deliver a stable system and get paid back by itself in the long-term and then
generates more economic value over time. Especially possible under the aspect that electricity
prices and fees shall increase in the future, makes the installation of Solar PV and battery storage
a two-win game. Firstly, support of the grid and peak load management and secondly an
economic long-term perspective that is positive. Additionally, considering the findings and
development presented in the solar and battery review even more cost-efficient and sustainable
solutions are not so far from reach if for example Beyonder can convert their ideas for large
scale storage as planned. The research has further revealed that cost-efficient solutions are
crucial, so has shown that the costs of the super-efficient 400-watt modules burst the project

costs and makes and economic performance difficult.
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6.3.Addressing the main research question

The key research question for this study was: How much can Stavangerregionen Havn and
Risavika benefit from development of own solar production and installation of battery storage
and contribute to Elnett21?

Stavangerregionen Havn has the production potential to benefit in the long-term already under
today’s market conditions from the installation of both the Solar PV installation and battery
storage. Even the shown conservative scenario generates value in term of peak reduction from
installation start and in the long-term economic evaluation. Dependent on the future price
development of electricity, grid costs and from battery technology are benefits increasing under
today’s perspective.

Risavika in general has presented on several locations the opportunity to produce a significant
amount of electricity that has a potential positive value. Dependent on the height of
consumption in the industry there and already existing peak effect fees, solar and battery storage
could generate substantial benefits likewise. If consumption would be significantly lower, than
their own production benefits would be lower. Under the aspect that Stavangerregionen Havn
and Elnett21 announced as well as part of the demonstration project a local micro-grid in which
the excess electricity directed to users that have higher demand. This would increase the self-
consumption rate of the whole system and lower thereby the grid load. As described earlier in
Section 2.3.2. this kind of peer-to- peer transfer from electricity are not feasible under the
current regulation regime. The goal must therefore be to develop a convincing system that could
get an exemption from this regulation to test and demonstrate possible benefits of the local
microgrid to change the regulations retrospectively. In connection to theory on experiments
presented in this thesis, this situation is characteristic to be explored, tested, and evaluated if
even more benefits can be generated through a micro-grid and peer to peer trading. Under such

a system and cooperation between different actors could peak and DSM create benefits for a
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larger area, which is one of the goals of Elnett21. Which brings this discussion to the last part
of possible contribution towards Elnett21.

At first it can be said that every kilowatt hour that is locally produced and consumed reduces
the load of the grid which is a contribution to Elnett21 even without a micro-grid. Through that
the current grid would reach its capacity limit at a higher level of overall consumption which
one of the targets under the aspect that consumption will significantly increase. Dependent on
the amount of energy produced and consumed at Risavika the support to Forus and Avinor
could be even bigger. Under the aspect that on the weekend at Risavika the electricity
consumption is lower than the production, excess electricity could be provided to Forus and
especially Avinor. There will be the whole year and every day huge amount electricity for future
electric busses and aircrafts needed. However, this implies not just an existing electricity peer-
to-peer trade within the Risavika area is needed moreover a transfer from electricity from the
Risavika area to Avinor and Forus. Under the aspect that this is a large-scale demonstration,
innovation and transition experiment, this idea should be one of the subjects to be studied and

explored to find synergies and challenges of such a bigger system integration.

6.4.Suggestions for Future Research

In consideration of the fact that peer to peer trading of electricity has no legal mandate at the
current time, further opportunities on how the excess energy can be used directly without the
need of storage technology should be investigated. Especially, since the benefits of the sale of
electricity are low and the amount that can be sold of 100 kwWh could be a problem for bigger
solar installations.

Therefore, it is suggested to investigate the integration of excess electricity within the district
heating and cooling system in the Stavanger region. This could occur under the aspect that

through excess electricity and heat pumps the required temperature from district heating get
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decreased and concluding less natural gas must be consumed. Additionally, heat storage as
another storage technology could have benefits, be further explored and be more efficiently
utilised. Lund points in his research about a reliable renewable future energy system out:
“The integration of sectors is very important in 100 percent renewable energy
systems to increase fuel efficiency and decrease costs. The first, and most
important, step is the integration between the heating and the electricity
sectors”(Lund, Mathiesen, Liu, Zhang, & Clark, 2014, p. 223).
Based on this knowledge further research should direct focus on the integration opportunities

between electricity and district heating- cooling systems to achieve highest possible synergies

and push on with the development of the Stavanger region and Elnett21.

7. Conclusions

The aim and purpose of this thesis was to answer the key research question: How much can
Stavangerregionen Havn and Risavika benefit from development of own solar production and
installation of battery storage and contribute to Elnett21?

The case study of the ferry-terminal was thereby successfully able to provide information about
the volume of generation could be possible, how the cost structure and economic long-term
scenarios of such a system can look like. Additionally, was the effect of a recommended battery
storage on performance, savings and peak shaving explored. Furthermore, was possible to show
what the generation potential for other buildings in Risavika could look like and what costs can
be associated with a system installation. From those findings was it able to support the idea for
more local short-traveled electricity generation as a path to contribute the grid and peak demand

challenge and present opportunities with those technologies for the local Elnett21 development.

Point of departure for this thesis is the aim to decarbonize the Norwegian transport sector
through an electrification strategy which will consequently challenge local and regional grid

infrastructure. Based on this has developed with Elnett21 a regional large-scale demonstration
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project to find solutions for those challenges. For a better understanding of the importance from
large-scale experiments, demonstrations projects and support by politics and society, explored
the thesis the theoretical background of the Multi-level perspective, strategic niche
management, transition management and Transition experiments. Those gave insight from
different perspectives to understand and identify structural, political and technical challenges
that occur during a transition.

For a better understanding of the technical challenges and opportunities was performed an
extensive review first on the concept of decentralisation and its benefits and challenges as part
of the qualitative Mixed Method. Further were explored the Solar PV and battery storage
development and the opportunities and challenges that those technologies can bring to a system
transition. The findings there revealed an impressive pace under which the technologies makes
progress and the increasing dedication towards more sustainable resource saving solutions.
Which are however highly necessary due to the increasing need of storage technology to
overcome struggles that come with intermittent electricity generation in future decentral

systems.

The thesis presented a Mixed-Method research approach that was necessary to understand the
techno- economic findings in the socio theoretical perspective. The qualitative findings were
able to support the qualitative findings that decentral solutions can have a positive output and
impact in Norway under the assumed long-term price, climate and costs variables. Despite the
assumed limitations was the research able to show how possible long-term scenarios could look
like for Stavangerregionen Havn and Risavika. The qualitative research revealed thereby
necessary information about the complexity to perform the techno-economic analysis and under

which boundaries and assumptions the evaluation have to occur.

89|Page



While the unavailability of more consumption data from the other buildings reduces the
generalizability towards whole Risavika and Elnett21, does this approach show insights what
possibilities exists to reduce the presented load profile though solar and peak demand with
battery storage technology. This research clearly illustrates the benefits of Solar and battery
technology for commercial utilisation to increase system performance and efficiency, but also
raises the question what the opportunities towards the integration of peer to peer trading and

direct heating and cooling could be.
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Appendix

BOS cost breakdown example

Figure 1. Cost Breakdown of Conventional U.S. PV Systems ca. 2010*
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Merged simulated generation & consumption data
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PVsyst simulation report terminal building 340-watt

PWVSYST V.86 Integrate Renewablas AS (Morway) 100820 Paga 1/5
Grid-Connected System: Simulation parameters
Project : Rouven MT
Geographical Site Sola Country  Morway
Situation Latitude SE81" N Longitude 5.67°E
Time defined as Legal Time Time zone UT+1 Altitude 50 m
Albeda 020
Meteo data: Sola Meteonarm 7.1 (1891-2010), Sat=100% - Synthetic

Simulation variant :

B1_Terminalen_340W

Simulation date

1000820 15h32

Simulation parameters System type Rows as domes east-west
2 arientations lilsfazimuths  10%-80" and 1090
Sheds configuration Mb. of sheds 44 Identical arrays
Sheds spacing 2.25m Collectorwidth - 1.02 m
Shading limit angle Limit profile angle  8.1° Ground cov. Ratio (GCR) 454 %
Modals used Transposiion  Parez Diffuse Perez, Metecnom
Horizon Free Harizon
Mear Shadings Linear shadings
User's needs : Unlimited load (grid)
PV Array Characteristics
PY¥ module Sk-mono Model S2 Mono 340W Halfcut
Custom parameters definition Manufacturer Salar Fabrik
Mumber af PV modules In seres 20 modules In parallel 20 strings
Total number of PV modules Mb. modules 400 Unit Mom, Power 340 Wp
Array global power Marminal {STC) 136 kWp At operating cond. 125 KWp (50°C)
Array aperating characteristics (50°C) Umpp 62TV Impp 200 A
Total area Medule area  BT5 m? Cell area 605 m?
Inverter Model Solis-60K
Custom parameters definition Manufacturer  Ginlong Technalogies
Characteristics Cperating Voltage  200-1000 % Lnit Mom. Power 600 kWac
Inverier pack Mb. of invariers 2 units Tatal Power 120 kWac
Promratioc  1.13
PV Array loss factors
Thermal Loss factor L (const) 20,0 Wim'k Uy (wind) 0.0 Wik { mis
Wiring Ohmic Loss Global array res. 51 mOhm Loss Fraction 1.5 % at STC
LIC - Light Induced Degradation Loss Fraction 1.5 %
hMaodule Quality Loss Lass Fraction -0.8 %
Module Mismatch Losses Loss Fraction 1.0 % at MPP
Strings Mismatch loss Loss Fraction 010 %
Incidence effect, ASHRAE parametrization IAM = 1 -bo{lfcosi-1) bo Param, 005

Piiggst Licensad fo Iniegois Reneaables A5 Meramy
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PVSYST V6.86 Integrate Renewables AS (Norway) 10/08/20 Page 2/6
Grid-Connected System: Near shading definition
Project : Rouven MT
Simulation variant : B1_Terminalen_340W
Main system parameters System type Rows as domes east-west
Near Shadings Linear shadings
PV Field Orientation 2 orientations  TilWAzimuth = 10%/-90° and 10°/90°
PV modules Model S2 Mono 340W Halfeut Pnom 340 Wp
PV Array Nb. of modules 400 Pnom total 136 kWp
Inverter Model Solis-60K Pnom 60.0 kW ac
Inverter pack Nb. of units 2.0 Pnom total 120 kW ac
User's neads Unlimited load (grid)
Perspective of the PV-field and surrounding shading scene
North
South
Iso-shadings diagram
Rouven MT
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PWSYST VE.86 Integrate Renewables AS (Norway) 10008420 Page 3/6
Grid-Connected System: Main results

Project : Rouven MT

Simulation variant : B1_Terminalen_340W

Main system parametars System type  Rows as domes east-west

Near Shadings Linear shadings

FV Field Orientation 2 orientations  TiltAzimuth = 10°-90% and 10°/40°

PV modules Model 52 Maono 340W Halfout Pnom 340 Wp

Py Array M. of modules 400 Prom total 136 kWp

Inverter Model Solis-G0K Pnom &0.0 KW ac

Inverter pack MNb. of units 2.0 Prom fotal 120 kW ac

Usar's neads Unlimited load (grid)

Main simulation results

System Production Produced Energy 98.72 MWhiyear  Specific prod. 726 EWhkWp'yvear

Performance Ratio PR 85.59 %

pred {par i

llud KW):
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Balances and main results

GlobHar DiffHar T_Aml GlobIne GlhE Efirray E_Grig PR
kMhym? kVwhi/m? aC kvhim? kiihiim? Frdihi M
January 6.7 5.58 1.84 .5 6.0 0. Q.50 0.565
Fabruary 168 13&3 1.44 16.6 15.3 2.0 1.68 0. 7e
March blL2 prd-n) 1.3 bLl.G 506 A0 7.8 0.BeS
April 1059 5125 7.56 10%.4 1036 13.61 13.1% 0. 886
May 152.7 50 1110 151.7 144.6 16.65 18.12 0.67%
Juna 1551 .70 1353 1552 L4g.1 LB.5+4 18.3& 0BT
Juky 1359 14 1608 134.9 128.% 16.36 15.7% 0861
August a3 54.45 16.01 86.5 a6 11.66 ii.14 0.84%
Saptember B8.B 37132 1372 58.4 a1 8.28 787 0.B4&
October 116 L | B 134 3.0 .01 161 0.mse
Meowamber 10L& L v 5.11 10.5 4.4 1.18 0,83 0.651
Dacarmbar 1.7 3.2 2,27 34 ER| 0.37 0.23 0,503
o B0 452.10 H.3& B4E.1 BOZ.9 10348 9872 0.B5&
Legends:  GiobHor Haorizontal global irradizbon GlabErf Effective Global, corr. for LM and shadings
CAffHor Haripontal diffuse irradistion Efrray Effective enengy o the culpul of the aray
T_Amb T amin E_Grid Energy injected into grid
Globinc Giobal incident i coll. plane FR Performance Raftio
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PWVSYST VE.86

Integrate Renewablas AS (Morway) 1008720 Page 4/8

Grid-Connected System: Special graphs

Project : Rouven MT
Simulation variant : B1_Terminalen_340W
Main system parameters System type Rows as domes east-west
Mear Shadings Linear shadings
FY Field Orientation 2 onentations  TilvAzimuth = 10°/-80° and 10°90°
PY modules Model 52 Moo 340W Halfcut Prom 340 Wp
BY Array M. of modules 400 Prom fotal 136 kWp
Invertar Model Solis-B0K Pram  G0.0 kKW ac
Inverter pack b, of units 2.0 Prom fotal 120 kKW ac
Usar's neads Unlimited load {grd)
Daily Input/Output diagram
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PVSYST V6.86

Integrate Renewables AS (Morway)

10/08/20 | Pags 56

Grid-Connected System: Loss diagram

Project : Rouven MT
Simulation variant : B1_Terminalen_340W

Main system parameters

MNear Shadings
PY Field Orientation
PV modules

PV Array

Invartar

Inverter pack

Usar's neads

System type Rows as domes east-west

Linear shadings

2 orientations  TiltAzimuth = 10°/-80° and 10°/90°

Model 52 Mona 340% Halfcut

Mb, af modules 400
Model Solis-B0K
Mb. of units 2.0
Unlimited load {grid)

Pram
Prom total 136 kWp
Priam
Pnom total 120 kW ac

340 Wp

G600 KW ac

BS54 KWhm?

Loss diagram over the whole year

B0 KiWhim® * 575 m col

efliciency al STC = 20.18%

108.3 MWh

Horizontal global irradiation

0,70 Global Incldent in coll. plane
-017% Global incident below threshold
-0.63% Maar Shadings: iradianca loss

=4, 72% LAM facior on glabal

Effactive irradiation on collectors

P conversion

Array nominal enengy (at STC efic.)
P less due 1o irracdiance kel

PV loss due o temperature

Module guakty loss

LIDr = Light irduced degradation
Mismatch boss, modules and stings
Chmic winng loss

Mixed onentation mismalch lass
Array wirtual energy at MPP

Inwverier Loss during operation (efliciency)
Inwerter Loss aver nomingl iny. pawer
Invwerier Loss due ba max. mput cumrant
Inwartar Loss over nominal inv, woltage
Inwerier Loss due Lo pawer theaghold
Inwerier Loss due ba vollege threshald

Available Energy at Inverter Output
Energy injected into grid
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PVSYST V.86

Integrate Renewables AS (Morway)

10/08/20

Paga 66

Project :
Simulation variant ;

Grid-Connected System: CO2 Balance

Rouven MT
B1_Terminalen_340W

Main system parameters System type Rows as domes east-west
Near Shadings Linear shadings
PV Field Orientation 2 orientations  TilvAzimuth = 10°/-90° and  10°/90°
PW modules Model 52 Mona 340W Halfcut Prnom 340 Wp
PY Array ME, of modules 400 From total 136 kWp
Invartar Model Solis-B0K Pnom 60.0 KW ac
Inverter pack Mb. of units 2.0 Prom total 120 kW ac
Usar's neads Unlimited load (grid)
Produced Emissions Total: 233.20 tCO2
Source:  Detailed calculation from table below
Replaced Emissions Total: 29.6 tC02
System production: 3872 MWh/iyr Lifetime: 30 years
Annual Degradation: 1.0 %
Grid Lifecycle Emissions: 10 gCO2/kWh
Sourca:  |EA List Country:  Morway
CO2 Emission Balance Total: -207.5tCO2
System Lifecycle Emissions Details:
Item Modules SUpports
LCE 1713 kaCOZkWp 0.07 koCO3ka
Cusantiby 136 KWp 4000 kg
Subtotal [kgCO2) 232930 57
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Link to all PVsyst and K2 reports:

https://drive.google.com/drive/folders/ImzYdHdImMWIQATTDsB4 N8hvp3AFC3ziH?usp=sh
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