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The content and views expressed in this material are those of the authors and do
not necessarily reflect the views or opinion of the ERA-Net SES initiative. Any
reference given does not necessarily imply the endorsement by ERA-Net SES.

About ERA-Net Smart Energy Systems

ERA-Net Smart Energy Systems (ERA-Net SES) is a transnational joint programming
platform of 30 national and regional funding partners for initiating co-creation and
promoting energy system innovation. The network of owners and managers of
national and regional public funding programs along the innovation chain provides
a sustainable and service oriented joint programming platform to finance projects
in thematic areas like Smart Power Grids, Regional and Local Energy Systems,
Heating and Cooling Networks, Digital Energy and Smart Services, etc.

Co-creating with partners that help to understand the needs of relevant
stakeholders, we team up with intermediaries to provide an innovation eco-system
supporting consortia for research, innovation, technical development, piloting and
demonstration activities. These co-operations pave the way towards
implementation in real-life environments and market introduction.

Beyond that, ERA-Net SES provides a Knowledge Community, involving key demo
projects and experts from all over Europe, to facilitate learning between projects
and programs from the local level up to the European level.

www.eranet-smartenergysystems.eu
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1 INTRODUCTION

This report contains description of demonstration sites, national use cases, business
models, simulation models, proof-of-concept setup and validation results for the
Swedish Cell, comprised in Work package 5.

1.1 Purpose

In accordance with the Paris Accord (COP21), the EU has committed to the binding
targets of at least 55% cuts in greenhouse gas emissions compared to 1990 levels
and 27 % share of renewable energy of EU energy consumption by 2030. On the
longer timeframe set by the corresponding roadmaps, the EU aims at 80 % CO2
reduction by 2050, and the share of renewable energy resources in gross final
energy consumption by 75 %. These EU decarbonization targets leads to electricity
increasingly coming from fluctuating renewable energy sources (RES) that are
mostly exploited in rural areas. At the same time, the Europe-wide trend towards
urbanization brings about increases in consumption in cities and their local energy
systems where the potential for renewable generation is limited. The more energy
supply fluctuates and decentralizes and energy demand is centralized, the more
congestion problems in the power distribution grid lead to the need to cap
renewable feed-in which entails significant RES asset downtimes and corresponding
inabilities to fulfil highly ambitions decarbonization targets.

The distribution system infrastructure is not expandable proportionate to these
challenges mainly for socio-economic reasons, the process of digitalization to fully
steer the grid along volatile load situations has just started and the cost-benefit ratio
of storage technologies is still lower than expected. At the same time, integrated
local energy systems in cities and communities bear a significant potential to provide
flexibility to the surrounding power distribution grid that is not sufficiently
understood and vastly underutilized.

CLUE develops tailor-made solutions to measure and utilize the flexibility potential
in locally integrated energy systems and at the same time to improve the cost-
benefit ratio of storage options. By stabilizing the energy system and reducing asset
downtimes, these solutions will increase the resilience of the system and enable
large shares of renewables in local energy systems. Finally, CLUE develops tools for
optimized planning, managing and monitoring of integrated regional energy
systems in order to fully exploit their flexibility options.

1.2 Method

CLUE follows mainly two scientific approaches. Firstly, based on a detailed analysis
of the needs and gaps of the stakeholders and the expertise of the scientific and
industry partner in modelling and tool development, a tool kit will be developed and
tested with the practice partner. Secondly, demonstration sites will be developed,
operated, monitored, analysed and optimized. In each of the five demo sites in the
four countries, different innovative concepts and technologies are implemented and
tested as a proof of concept. Recommendations for further improvements will
derive from the local stakeholders in a living-lab approach. By doing so, the CLUE
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scientific approach is also structured according to the ERA-Net three-layer research
model:

Stream 1 Technology: For LEC tool kit development, progressing static and dynamic
grid date, real-time data from the field, user preferences, forecasts, etc. are
collected, developed and processed. New algorithms for a smart and efficient
management of the integrated energy systems will be developed (e.g., based on
artificial intelligence). By performance data analysis within and between the demo
sites, the flexibility potential of different components will be analysed.

Stream 2 Goods and Services: The analysis of design and operation of the LEC
systems will focus on the services delivered to the people living in the LEC, this
means, the share of energy provided to the consumer generated by renewable
energy sources locally, the share of import dependency, energy security, related
costs, the freedom for consumer to generate and trade energy within the LEC, etc.
The role of flexibility options to fulfil the consumer requirements will especially be
analysed and recommendations developed. In addition to the design and operation
strategies of the energy system, innovative business models will be developed and
evaluated to provide the most cost-effective solution to the LECs as basis for
replication of the LECs.

Stream 3 Stakeholders: The most relevant types of LEC stakeholders like
cooperatives, project developer, DSOs, investors and owners, operators, utilities,
supplier, and LEC inhabitants will participate either as partner or as participants in
workshops in CLUE. Co-creation workshops and similar ideation methods as an
element of the living-labs will provide the best insights in the requirements for
optimization and challenges to implement and replicate the LECs.

CLUE combines research, demonstration and innovation actions in all three layers
in all five demo sites in the four participating countries. Firstly, innovative
technologies are under development and demonstrated like modelling tools, LowEx
district heating grids or integrated wind and hydrogen energy systems. Secondly,
new and innovative energy services are developed and offered to the customers and
decentral energy producers, e.g., energy trading between prosumers in the LECs.
Thirdly, the key LEC stakeholders will play an active role in CLUE as partners, like
investors, technology providers, and local utilities. Furthermore, within a living-lab
concept the planners and especially the consumers in the LECs will be approached
in workshops in the demo sites to evaluate their needs in detail, test technologies
and services, and work together with the researchers based on the practical
experiences on improvements of the solutions.

Sweden: Not only are the relevant stakeholders in the form of regional energy
providers, grid operator and technology providers part of the project. The demos
are also formulated as a collaboration together with owners and users in order to
lay an early foundation for adoption and implementation via a collaboration
methodology. Another crucial stakeholder, both from a regional and local
perspective, is the City of Malmo.
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2 BACKGROUND

2.1 An energy system in need of rapid transition

South-western Skane has a large annual transmission need from other electricity
price areas, which amounts to approx. 80% of the electricity use. In addition,
electricity use is expected to increase above all in transport through the increase of
electric vehicles, but also in service as a result of increased growth and the
establishment of data centers. In order to meet the increasing regional demand,
increase security of supply and keep electricity prices down, it is important to
increase energy efficiency while increasing transmission capacity and new
production in the region, where the greatest potential appears to be in offshore
wind power.

At the same time, southwestern Scania is heavily dependent on imports during the
peak load hour, the hour when electricity demand is expected to be highest. The use
in the residential and service categories and the upcoming increase in transport
make up the majority of the load at this time. By identifying and quantifying the
potential for demand flexibility in south-west Scania and taking knowledge-raising
measures for possible flexibility suppliers, the conditions for coping with the load
during the peak load hour can increase.

Malma's local electricity production in 2019 was approx. 10% of the total electricity
demand, which meant that 90% of all electricity used in Malmé needed to be
transferred to the city, mainly from electricity price area SE3. There is currently only
one electricity production facility run by the municipality, Sysav's cogeneration plant,
and both the local and regional electricity grid is owned by E.ON. Electricity demand
in Malmo is expected to increase, mainly due to electrification in the transport
sector, which will likely lead to a continued energy deficit. Investments in energy
efficiency can be used as a mitigating measure. In order to maintain or increase the
degree of self-sufficiency, an increasing need for electricity needs to be met by new
production units, where there is potential for cogeneration, wind and solar power in
the municipality.

Malma's large energy deficit also means that Malmé usually has a power deficit and
imports more electricity than is currently produced. During the year's most
electricity-intensive hour, the production including the network capacity reserve has
the possibility of being up to approx. 25% of the current electricity demand and is
therefore highly dependent on transmission capacity to the city. In order to increase
security of supply, avoid capacity shortages and possibly high electricity prices, it
should be of interest to facilitate the establishment of new production in the area.

Usage of flexibility becomes increasingly important as the energy system comes to
rely more on renewable and intermittent energy production and when big and
stable base load production is removed from the system, as in the case for Malmo
where a gas-fired CHP with a 400 MW power capacity was taken out of operation in
2016. Flexibility is also a mean of increasing energy efficiency There are many
different flexibility resources in the electricity system, such as flexible production,
storage e.g., via batteries or hydrogen and demand flexibility and all of these will be
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important to safeguard for a secure electricity supply. There is a very large potential
for demand flexibility in most user sectors, but there is currently a lack of knowledge
and incentive among electricity end users to contribute to this potential. Unlocking
flexibility potential installed in the city is an important step towards finding
alternative solutions to solve the capacity issue.

2.2 Previous work

The City of Malmo and EON has a long history of working together in publicly funded
projects concerning the local climate and energy transition. In the CLUE project, the
basis of knowledge is based on the following project (among many others):

e Smarta Nat i Hyllie, 2011-2016
(Swedish Energy Agency)

e Malmobeffekten, 2018
(Swedish Energy Agency)

e Smart Cities Accelerator, 2016-2022
(Interreg OKS)

e ACCESS, Advancing Communities towards low-Carbon Energy
Smart Systems, 2022
(Interreg RSR)

2.3 The Swedish cell within CLUE

The Swedish work package aims to verify this theoretical potential for flexibility in
practice. In Sweden, the demo aims to verify the flexibility potential from power-to-
heat, batteries, and e-mobility that are obtainable in a large-scale LEC consisting of
multi-family houses and other building types to enable to cope with a capacity
limitation on transmission side. The technologies employed in the Swedish work
package are not state of the art, instead, the state-of-the-art aspect of the Swedish
cell is the employment of technology. By employing new methods for steering and
using technology, already installed and spread in Swedish cities today, this flexibility
potential could be unlocked.

The demonstration in Sweden is also focused on raising knowledge-levels about
flexibility resources. Much of the technology spread throughout the cities in the
world today, such as PV solar panels, heat pumps and ventilation are
commercialized and well-used for their specific purpose. Little research has been
done investigating how these technologies could be employed as resources for
flexibility, and what flexibility potential they would hold, should they be employed
as such. The demonstration aims to innovate, not the technology, but the
employment of technology for new purposes. To better understand what drives
potential, new structures for tariffs will be brought on to the demonstration cases
to investigate its effects on flexibility potential in an innovative co-creation
methodology between the DSO, the solutions provider and the end user.
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2.3.1 Task 5.1 How to include different kinds of stakeholders in the Local Energy
Community

Identification of flexibility resources and respective stakeholders. Conduct
interviews and workshops to gain information about appropriate methods for
inclusion and adoption.

2.3.2 Task 5.2 Elaboration of selected business models (Development of flexibility
business models)

Initially, the Swedish Cell also comprised a task concerning development and
elaboration of selected flexibility business models. The partners were to test
alternative tariff structures in selected customer pools, investigate large scale co-
optimization potential with district heating assets as well as estimation of value
creation for relevant stakeholders.

However, due to budget constrains from the Swedish funding agency
Energimyndigheten, the partners of the Swedish Cell in dialogue with
Energimyndigheten decided to cut out Task 5.2 from the Work Package and from
the budget. The task is therefore not included in this report, that covers the national
proof-of-concept for the Swedish Cell.

2.3.3 Task 5.3 Validation of user flexibility through demonstrations
This task comprised the following four live tests of user flexibility:

e Demo 1: Test of flexibility using smart charging in public parking
garage

e Demo 2: Test of flexibility using heat pumps
e Demo 3: Test of flexibility using large scale battery
e Demo 4: Test of user flexibility on active city buildout site

Each demonstration is described more profound in chapter 4.

2.3.4 Task 5.4 Analysis of city-wide optimization potential and its regional impact

This task comprised analysis and extrapolation of results from the 4 demonstrations
in task 5.3. Further, it put the results in a regional context, analysing further impact
of the LEC and the flexibility potential in other regions with a similar stakeholder set-
up. It also includes suggestions for alternative regulatory set-up and socioeconomic
estimations.
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3 STAKEHOLDER ADOPTION (T5.1)

How to include different kinds of stakeholders in the Local Energy Community

Electricity has become a central part of all social and everyday activities and the
development of electricity networks is crucial for all actors in society. Traditionally,
it has been a few actors, in practice energy companies, politicians, public authorities
and municipalities, who have driven the development of electricity networks.
However, the future smart grids require increased participation from many actors
and also knowledge sharing between actors. New forms of collaboration are
required to counter the lock-in effects of previous technical and organisational
systems. In the CLUE project, we have focused on various new actors that have
become active in issues related to electricity networks.

One such new actor is energy communities, which are introduced in the EU's Clean
Energy for all Europeans Package of 2019. The purpose of energy communities
under the Clean Energy Package is to generate environmental, economic or societal
benefits for their members. From a societal perspective, energy communities are
advocated for a number of reasons. Communities are often seen as part of a
decentralised energy system that can increase capacity locally while enhancing
security of supply. A community can also help to reduce power peaks on the grid.
By joining an energy community, customers also strengthen their position in the
electricity market. In addition, they are expected to contribute to increasing the
share of renewable energy in society.

For members of an energy community, research shows that there are many
different drivers. These drivers can be grouped into several different areas such as
political, economic, environmental, technological and social benefits to society. As
part of the research in the CLUE project we have followed a neighbourhood project
in Malmo, Sege Park, and its ongoing planning process, which included both creating
the conditions for the formation of an energy community in the area, among other
things with the aim of jointly owning solar cells together with a local microgrid. We
have conducted two rounds of interviews with the actors in Sege Park and can
conclude that there is great interest and willingness to start an energy community
and produce and share electricity together with neighbours. At the same time, there
are currently many obstacles that the actors need to overcome. For example, it has
not been legal to build a jointly owned microgrid in an area. However, in January
2022, the regulations were eased, and it is now possible to apply to the Energy
Market Inspectorate to establish a jointly owned electricity network in an area.
However, it will take persistence and a lot of time for the stakeholders to bring the
idea of an energy community to fruition and we will continue to follow the process
in Sege Park to see how the energy systems will be designed when the area is
completed in 2025.

Within the project we have also studied how to engage actors and make them
committed to energy efficiency at construction sites. Improved energy efficiency is
important for the building sector, but energy efficiency at construction sites has so
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far been under-researched and these actors are overlooked as contributor to a
flexible smart grid. In the project we have investigated the barriers to and drivers of
energy efficiency at construction sites. There were barriers related to finance, such
as lack of money and that the combination of short projects and long investment
pay-off times resulting in split incentives, where the actors paying for energy
efficiency were not the same that benefit from the reduced electricity bill. A potential
financial driver identified was a support scheme to push the market. Lack of
regulations were seen as a barrier, while regulations forcing actors to implement
energy efficiency was mentioned as a potential driver. Another driver was
environmental and building certifications such as BREEAM. Lack of knowledge and
information about energy efficiency were seen as a major barrier. A driver was on
the other hand to be part of an industry network where knowledge on energy
efficiency was shared. When the top or site management was working with energy
efficiency this became a driver, but when their support was lacking it was a barrier
for improved energy efficiency. Another driver encouraging energy-efficient
behaviour and routines were competitions between construction sites which
engaged the staff in a positive way which made them motivated to take part of the
transition. When a company had a back-office supporting with information and
advice on energy efficiency measures, this was also seen as a crucial driver. Another
essential driver was client demand of energy efficiency.

In the project we have also discussed data centres as an actor who can suppress
local actors and even force less powerful actor to re-localise their business because
there will be a lack of capacity in the electricity grid due to the establishment of an
energy intensive industry like a data centre. We introduce the concept of energy
gentrification to highlight this potential conflict which can be a result if several data
centres establish in Sweden. (Libertson F., 2022)

The project has also focused on the role of households as end-users and their
potentials of providing flexibility. Flexibility as a trait is gaining importance within the
energy sector, in order to maintain stable energy systems. Historically, flexibility has
been a function of the production side and the balance has been maintained by
adjusting production according to consumption. However, with the introduction of
renewable energies, along with the modernization of the energy grid, the function
of flexibility is moving from the production side to the consumption side. This means
that end-users are increasingly expected to be flexible in their electricity uses.

Flexible electricity use entails adjusting one’s electricity use in time, space or
intensity to accommodate someone else’'s need for power. For example, by using
less electricity at a certain time of the day, or by relocating the electricity use to
another time of the day, end-users provide flexibility to the energy system. This may
help to reduce peak loads and flatten the curve if done on a large scale.

The project also focused on how the changing of activities impact the daily lives of
the electric vehicle driver, and therefore their decision in relation to charging. By
looking specifically at how end-users perceive smart charging technology, the
project identified how the electric vehicle driver experience a trade-off between on
the one hand convenience and on the other hand grid stability. In general,
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respondents were positive towards smart technology and towards contributing to
grid stability by being more flexible in charging their vehicles. However, they were
also concerned about whether this new way of charging was compatible with their
daily lives. The respondents identified that the capacity to be flexible was to some
extent beyond their control, as being flexible is not only a matter of choice. Other
factors, such as work patterns, household composition, technological assets and
dependencies, health status and knowledge also influence the capacity to be
flexible, and these are factors that the user cannot affect directly, at least not in a
short-term perspective.

For Parkering Malmo, the conclusion is that there is great potential for flexibility in
electric car charging, especially considering that the number of charging points will
increase dramatically in the coming years. Another conclusion is that their
customers do not notice if the charging speed is lowered for shorter periods.

From an academic perspective the project concludes that more research is needed
on the flexibility capacity of end-user, in order to better understand the factors
influencing flexibility. The project deems that this understanding is of significance,
as it will better define the role of end-users in the energy system and ultimately allow
for a better integration of smart technology. (Libertson F. V., 2021)
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4 VALIDATION OF USER FLEXIBILITY THROUGH
DEMONSTRATIONS (T5.3)

4.1 Demonstration 1 - Test of flexibility using smart charging

4.1.1 Background

The aim of this demonstration was to investigate flexibility potential in public
parking with smart charging. There are hundreds of charging spaces owned by P
Malmo and utilizing smart charging there could make a significant contribution in
providing needed electric power flexibility to the local electric grid.

4.1.2 Description of demonstration site

In the first part of the demonstration, three different use-cases with reduction of
charging speed were tested to identify the optimal ratio between delivered flexibility
and consideration of customer comfort. The tests were carried out with 28 public EV
charging points in two different multi-storey car parks, in which one of them the
parking customers were informed about the ongoing tests. The target was to
determine the optimal relation between delivered flexibility and customer comfort.
Three use cases with different sets of conditions for which chargers were eligible for
load reduction were tested:

1. Use Case 1, Site based: All active charging sessions within time
period eligible for reduction.

2. Use Case 2, Session based: Reduction allowed if charging session
has been active for at least 1 hour and has transferred at least 2
kWh to customer.

3. Use Case 3, Customer based: Condition for reduction based on
previous