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Foreword

This handbook has been prepared by a working
group established under the Energy Forum
South Harbour. Energy Forum South Harbour
was funded by the Danish Energy Agency in the
years 2017-2019, through a programme aimed at
“Local partnerships furthering energy efficiency
and flexible consumption”. The working group
consisted of: Ulrik Jargensen and Morten Elle,
Department for Planning, Aalborg University;
Diana Lauritsen and @ystein Leonardsen, Urban
Renewal Office South Harbour; Ann Viksg, Kgs.
Enghave Local Committee; Flemming Gerhardt
Nielsen, Faculty of Law at the University of
Copenhagen; and John Kepny-Rasmussen, Co-
penhagen Social Housing (KAB).

The work has been carried out with contri-
butions from COWI A/S, who has drawn up the
Technical Catalogue in Appendix A and EBO
Consult A/S, who has been instrumental in
analysing organization and enterprise models,
as well as the model articles of association in
Appendix B.

This handbook is aimed at professionals and
stakeholders from housing societies, munici-
palities, shops and small businesses, who wish
to explore their options of establishing energy
communities. It further provides an overview of
the new opportunities which authorities and
utility companies have, as they implement the

new EU directives an Renewable Energy and the
Electricity Market. In order to fully realize the
positive cantributions which energy communi-
ties can make to a sustainable transformation
of the integrated Danish energy system, the
design of this legislative and administrative
framework is of great importance.

To support its mission of creating more ener-
gy-efficient local solutions, Energy Forum South
Harbour has worked with civic co-creation and
strengthening of existing communities, building
on projects and learnings from the old borough
of South Harbour. Energy Forum South Harbour
is a partnership between the South Harbour
Urban Renewal office, the Climate Secretariat
in Copenhagen Municipality, Kgs. Enghave Local
Committee and the Institute for Planning at the
University of Aalborg.

The Handbook has drawn on Danish energy
legislation and history which emphasize the
characteristic that grids and several utilities are
owned by municipalities, public companies or
cooperatives.

For more information:
« Ulrik Jgrgensen, email: ulrik@uj-consult.dk
* ystein Leonardsen, email: oysleo@kk.dk
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In the coming decades, Denmark faces a major
task in transforming its energy system. A radical
transformation is necessary, as the country
transitions from covering 50% to 100% of its
electricity consumption through renewable
energy sources such as solar and wind. Simul-
taneously, district heating suppliers must cease
their use of fossil fuels and substantially reduce
the use of biomass, and the transport sector
must be electrified and/or switch to bio-based
fuels. This shift necessitates the integration of
the energy system as a whole, and an end to
the historical fragmentation of the electricity,
heating and gas sectors. A closer integration of
the electric and heating sections of the energy
supply, with, for example, the conversion of
electricity into heat through heat pumps, is thus
a key element in the transition.

In the next few decades, the transition from
fossil to renewable energy sources will radically
change the Danish energy supply, where devel-
opment so far has largely consisted of adding

new, smaller production units (in the form of
wind turbines and small CHP plants) to the
existing structure of large central cogeneration
plants. The transition to renewables is crucial in
allowing Denmark to meet the political objective
of a 70% reduction in CO, emissions by 2030,
and this in turn requires an acceleration of the
energy system transformation.

Local energy solutions are well placed to
ensure the integration of electricity and heating.
Therefore, local energy solutions must contrib-
ute to, and complement, the transformations to
be made in the production of electricity and heat
at regional and national level.

In this context, the EU’s new energy direc-
tives play a major role in defining the framework
for local energy solutions in the form of energy
communities, also known as renewable energy
cooperatives. This framework must be imple-
mented in Danish legislation in the course of
2020 and spring 2021, which will be crucial for
the further energy transition in Denmark.

THE HANDBOOK’S PURPOSE
AND TARGET AUDIENCE

The purpose of this handbook is to:

« Provide guidance to local actors in housing so-
cieties, municipalities, smaller businesses and
shops, allowing them to create and operate
energy communities.

« Contribute to ensuring that the new regulation
prepared by the Danish government, along
with the netwaork tariffs and charges system
set up by the utilities companies, supports the
creation of energy communities.

The handbook consists of number of chapters,
which introduce the concept of energy com-
munities, explain how they may be established
technically, legally and financially, and finally

STRUCTURE OF THE HANDBOOK

Section 2 introduces the energy community as a
concept and outlines the importance of the new
EU energy directives for their creation. Section 3
reviews how the transition of the Danish energy
system to sustainability has evolved historically,
and the issues that need to be addressed in the
coming years. Section 4 goes into greater detail
with the benefits which an energy community
with a diverse set of partners can bring to both
the partners themselves, and to the overall
energy system.

suggest an action plan for setting up an energy
community. The manual also includes an Ap-
pendix A, which describes the energy technology
elements that an energy community may choose
to complement their energy system. Further, Ap-
pendix B presents twa sets of model articles of
association for the legal and financial organiza-
tion of an energy community.energifaellesskab.

Section 5 describes which parties are formally
able to participate in an energy community, and
how the community can be organized to best
fulfil its purpose, and as a legal entity. Section 6
describes the interaction of energy communities
with the overall energy system, represented

by utility companies and infrastructure. Lastly,
section 7 concludes by outlining a how-to guide
for the establishment of an energy community.



Local energy communities will be an important
complement to regional and international energy
supply networks in the coming decades. They are
capable of delivering renewable energy to the
community, and promote energy savings while
smoothing energy consumption and providing
flexibility for the overall energy system. This will
be an important complement to the regional and
international supply networks which relay power
from large energy producing installations such as
wind and photovoltaic parks, hydropower, geo-
thermal plants, waste incineration and cogenera-
tion heat and power plants.

A NEW ACTOR IN
THE ENERCY SYSTEM

The Energy Community differs significantly
from the consumers who today make up the
energy system’s customer side. At present,
heating is supplied to each apartment building,
institution or business, and they in turn might
have meters for distribution between e.g.
apartments/households. The electricity supply,
on the other hand, provides the household,
institution or business with meters for each
individual customer.

Energy communities can be constructed
from, and thus represent, different forms of
collaborations. They might for instance focus on
setting up a renewable electricity or heat-based
production, combined with bringing together a
number of distributed activities such as electric
car charging stations, which may then be in-
cluded in the provision of flexibility. In this way,
several known forms of cooperatives,which

Here, the local, interconnected and flexible
energy systems which combine own production
of renewable energy, the conversion of energy
from electricity into heat, and time-of-day and
day-of-the-week consumption displacement
are essential for achieving local energy savings,
as well as for the efficiency and sustainability
of the averall energy system. The idea of these
new, local systems is the basis of the new
entity: “The Energy Community”. The energy
community acts as the organizational construct
which brings together a potentially diverse

set of parties in a legal and economic entity,

together own small wind farms, photovoltaic
parks, etc. might also in future be organized
with reference to provisions regarding energy
communities.

According to EU directives, an energy com-
munity is not required to consist of immediately
neighboring actors cooperatively organizing their
energy activities. It may well be, for example,

a group of distributed energy consumers who
together own and operate an electricity produc-
tion through a wind turbine or photovoltaic park
located nearby. An example of this type of energy
community could be municipal buildings in a city,
which together make up an energy community
that drives photovaltaic installations and heat
pumps for these properties. It could also be an
Assaciation of car-sharing users, who jointly run a
park of electric cars and electric charging paints.



FOCUS ON LOCALLY BASED
ENERGY COMMUNITIES

This handbook focuses on the energy commu-
nities whose core activities are linked to a local,
coherent area. This is because energy communi-
ties can contribute to the overall energy transi-
tion through the creation of a renewables-based
production, storage and conversion system

in their local energy system, because of their
access to property and land for this purpose. At
the same time, this type of energy community
could minimize the need to add new network
capacity and reduce network losses, which today
represent a significant cost for both electricity
and heat suppliers. We have thus chosen to fo-
cus on this kind of energy communities because
they can, in a completely new way, contribute
to the overall energy transition. They can make
use of local opportunities to finance and build
renewable energy-, storage- and conversion
installations, which require local stakeholders’
active participation and ownership in terms

of both land, buildings and installations. This
points to an opportunity for closely populated
urban areas to contribute to the sustainable
transformation by establishing energy commu-
nities. Further, this kind of energy community
may also be taken up by an eco-village or by a
rural village community.

The objectives of the locally coherent energy

communities are to:

* ensure energy savings, which can be achieved
through reduced consumption and increased
energy efficiency in buildings and appliances;

« optimize heating as an interplay between the
operation of boiler rooms and buildings by
ensuring cantinuously optimized operations;

« provide for the establishment and operati-
on of own production of electricity based on
renewable energy sources and heat from heat
pumps, leading to local production, only to pay
network tariffs that correspond to the costs
of the local network, as long as it is consumed
within the community and providing lower
requirements for the capacity of the network

« allow consumption management across the
time of day and -week through storage, in order
to avoid peak times, making it possible to provi-
de “flexibility” to the grid and use periods of low
prices for the purchase of electricity and heat.

The following figure illustrates the energy-tech-
nologies and local activities which can be part
of an energy community, and how they are
interconnected in an electricity- and a heat-

ing network, respectively. Energy production
stems from solar panels and, potentially, wind
turbines. The conversion takes place in heat
pumps and in the form of surplus heating, while
storage can take place in heat tanks, electric
vehicles and potentially batteries.

Figure 1 shows the parties who can be part
of an energy community, as well as their role as
consumers and/or producers. It further shows
the linkages that make the integration and
smoothing of consumption possible, through
the community’s governance of the local energy
system in relation to the larger supply grid. The
energy networks shown are illustrated in the
figure as ‘virtual networks’, as they can continue
to be owned and maintained by utilities, or may
be owned by the Energy Community, if neces-
sary. Here, they would simultaneously contrib-
ute to both the community’s internal exchanges
of electricity and heating, and to the transport
of energy between the community and the
surrounding utility grids and -companies.
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Figure 1: lllustration of a local energy community comprising of housing, institutions, companies and means of trans-
portation, that produce energy themselves and at the same time are connected to the common grid through local
(virtual) grids (in case illustrated by the Copenhagen supply companies HOFOR and Radius).

THE EU DEFINITIONS OF
ENERGY COMMUNITIES

Although the EU does not focus on heating sup-
ply, the new directives for electricity markets and
for the promotion of renewable energy in Europe
are crucial for the energy transition. The direc-
tives must be implemented into Danish law in
the course of 2020 and the first half of 2021, and
theirimplementation is vital not least to realize
the opportunities for local contribution to the
energy transition. In order to promote citizens’
influence on the transition, and to ensure the
expansion of renewable energy, the EU is ac-
tively engaging in future energy regulation with
provisions that define the rights of consumers
(customers) to produce, store, consume and sell
energy themselves; both as relates to renewable
energy specifically and electricity in general.

The energy policy objective of legislating on
citizens' rights and in this context to establish
new actors in the field of energy is to promote
the sustainable and fossil-free transformation

of energy systems, as demanstrated in the
following: “Member States shall ensure that their
competent authorities at national, regional and
local level include provisions for the integration
and deployment of renewable energy, including
for renewables self-consumption and renewable
energy communities, and the use of unavoidable
waste heat and cold when planning, including
early spatial planning, designing, building and
renovating urban infrastructure, industrial, com-
mercial or residential areas...” (Renewable Energy
Directive 2018/2001, Art.15, 3)



This is further supported by the directives’ criti-
cism of obstacles to citizens' participation in the
energy transition, as exemplified in the follow-
ing statement: ‘However, legal and commercial
barriers exist, including, for example, dispropor-
tionate fees for internally consumed electricity,
obligations to feed self-generated electricity to
the energy system, and administrative burdens,
such as the need for consumers who self-gen-
erate electricity and sell it to the system to
comply with the requirements for suppliers, etc!
(Electricity Market Directive 2019/944, Pream-
ble, 42).

This support for the involvement and
empowerment of citizens in the development
of renewable energy and in the energy-sup-
ply has taken place through the definition of
these rights for individual consumers (using the
terms ‘renewables self-consumers’ and ‘active
customers’). Further, in the form of a new legal
and economic entity: energy communities (with
the terms ‘renewable energy communities' and
‘citizen energy communities’), which are a legal
and economic cooperation between consumers
(including housing societies), municipalities and
small businesses (including shops).

The option to set up these types of energy
communities is the result of 3 years of work
in the EU with the two new energy directives,

a good deal of negotiation between the EU
institutions, as well as consultations with many
stakeholders. The result is that, for the first
time in EU law, a regulation has been set up
which provides citizens who organize in commu-
nities regulated access to the energy market for
all EU countries, as both producers, distributors
and consumers.

Energy communities are awarded a central
role by the EU, as a way of involving consumers
in the development of renewable energy and the
transformation of the energy sector: ‘Commu-
nity energy offers an inclusive option for all con-
sumers to have a direct stake in producing, con-

suming or sharing energy. Community energy
initiatives focus primarily on providing afforda-
ble energy of a specific kind, such as renewable
energy, for their members or shareholders rather
than on prioritizing profit-making like a tradi-
tional electricity undertaking. (Electricity Market
Directive 2019/944, Preamble, 43).

Some differences remain in the function and
role of ‘citizens communities’ (Electricity Market
Directive 2019/944, Art.2 and Art.15) and the ‘re-
newable energy communities’ (Renewable Ener-
gy Directive 2018/2001, Art.2 and Art.16). This is
because the Electricity Market Directive is based
on the idea that competition based market
solutions based will help to make energy sys-
tems more efficient within and across borders,
while the Renewable Energy Directive builds on
a desire to promote renewable energy and build
on the experience of collective bargaining as
instrumental in promoting the transformation
of the collective energy supply. The differenc-
es may lead, in some situations, to different
results, and thus an ambivalent regulation.
They arose as the big electricity companies, in
particular, played a major role in the final version
of the Electricity Market Directive, while the
organizations representing cooperative renew-
ables-based installations in particular focused
on the Renewable Energy Directive. The citizen
energy community has activities in all sectors
of the electricity market, while the renewables
energy community has only renewable energy
activities. In practice, energy communities will
not realize their full potential as contributors to
the sustainable transformation of energy sys-
tems, unless they are considered jointly, rather
than as two separate types of communities.

The key aspects of the establishment of
energy communities will be further elaborated
and explained in the following sections of the
Handbook.



14 Challenges to the transformation
of the Danish energy systems

This section outlines the ongoing transforma-
tion of the Danish energy systems in order to
provide the handbook’s users with a better
understanding of the transition process and the
contribution that energy communities can make
to the transformation.

THE TRADITIONAL,
COLLECTIVE ENERGY SUPPLY

The Danish energy supply has been dominated
for half a century by the supply of large combined
heat and power (CHP) plants, producing both
electricity and heat. The subsequent distribution
of heat and electricity is then carried out through
separate collective grids to end users, which
range from individual households to institutions
and businesses. Following the oil crisis in the
1970s, this system was supplemented by new
electricity production from wind turbines, and by
a nationwide transmission and distribution net-
waork for natural gas, which at the time worked
mainly as a replacement for the oil which still
played a major role outside district heated areas.
This way to structure the supply of electrici-
ty and heating has clearly defined divisions of
labour between CHP plants and wind farms on
the one hand, responsible for the production of
electricity and heating, and on the other hand
an extensive network for distributing electricity,
district heating and natural gas to end users. This
energy system design, based on a central supply
of electricity and heating, has become increasing-
ly dominant. Smaller CHP plants are now replac-
ing individual oil and gas bailers in the heating
supply, as district heating is established in both
smaller cities and suburbs to the larger cities.
The design is illustrated in Figure 2, with a
detached house as consumer. This shows how
energy production is coordinated, while distribu-
tion is divided, with the various forms of energy
only meeting again at point of consumption.

The section will, amongst other things, explain
why new actors are needed in the energy sys-
tems and why the integration of electricity and
heating will be crucial in the coming years.

The single-family house in the illustration could
be replaced by a apartment block, a public
institution or a private manufacturing or trading
company.

Denmark has been a pioneer in many ways
when it comes to the involvement of citizens in
setting up collective solutions for joint energy
supply. It has provided citizens with the oppor-
tunity to engage with the energy system as
both producers and distributors, either through
municipalities or by direct ownership through
cooperatives etc. This has been supported by
a tradition of solving local tasks by allowing
groups of citizens to share both costs and
revenues of establishing local utilities, as well as
government support for the legal access to do
so. The expansion of wind turbine production in
the 1970s and 1980s was to a large extent driven
by citizen cooperatives investing in wind farms.

In the municipal sector, a number of supply
tasks have been performed for decades in accord-
ance with the ‘municipal authority, unwritten
rules on the remit of the municipalities. Here,
municipalities have had the opportunity to carry
out local supply activities, provided they comply
with a principle of community equity, meaning
amongst other things, that equal grid access
must be guaranteed for all citizens. In this way,
municipalities have been able to secure the
supply of utilities through private legal entities,
such as cooperatives, as long as these companies
have followed the principle of equality vis-a-vis

stakeholders in their business. In concrete terms,
this means equal grid access and pricing terms
for all. Water and district heating companies have
typically been organized under private law, where
the municipalities have been able to actively pro-
mote citizens' desire to supply themselves. Since
the late 1970s, the supply of electricity, heating
and natural gas has been regulated by specific
legislation built on these principles.

The long-standing local cooperation between
public and private organizations has shaped the

DISTRICT HEATING
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development of the various public utility sectors,
and provides the basis for much of the local
utility structure we see today. Thus, it should be
noted that the public sector has historically been
actively involved in supporting the development
of a local energy supply controlled by consumers/
local citizens. This is unique when compared with
other countries in Europe, which have a tradition
of private ownership of energy production and
distribution companies (Concito 2016; Annual
Environmental Strategic Meeting 2017).

ELECTRICITY

Central heating

District
heating

NN

HOUSEHOLD ——

Transformer
station

Renewable energy

ol

0

i COMBINED
} POWER-HEAT UTILITY

Transformer
station
L
.

Import/export
of energy

NAAAA System cooling

Figure 2: The Danish supply model based on cogeneration heat and power utilities, distribution companies and custo-
mers (in case shown as a single-family house, but could as well have been a tenant building or a larger company)
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At the same time as the widespread support
and involvement of citizens in collective supply
solutions, they have followed the pattern of
technology and governance (overall, the ‘energy
regime’) described above with central supply

FROM CENTRAL COGENERATION
PLANTS TO A DIVERSE ENERGY
PRODUCTION

The growing contribution of electricity
generation from wind-turbines has led to a
slow shift from larger power plants being in
charge of electricity generation, to the fact that
today is around 50 % of electricity consumption
currently supplied to the electricity grid from
wind turbines and wind farms. In 1980 it was
politically agreed that

units, collective supply grids and customers who
in most cases received the energy from suppli-
ers, while self-production has been rare (when
not taken into account the use of fossil fuels for
heating by oil-, gas- or biomass burners).

all multiple heat plants should be converted into
decentralized, cogeneration units on natural
gas. Local, smaller heat and power plants have
been set up to spread the benefits of multiple
heat, together with electricity. From a central-
ized energy system based on large utilities,
nowadays energy system based on large works
is widely distributed, as shown in Figure 3.

While electricity and heat supply undertakings
were already based in their starting point on the
desire of civil society to play an active role in the
development of an efficient- energy label, this
model has been developed with the construc-
tion of wind and photovoltaic, often with a local
starting point. Most of these civic organizations
have idealistic and economic objectives that

are reflected in the purpose of- the ticks. The
organization of this known form of local “energy
communities” has been included as part of
Danish legislation, as can be seen, for example,
in the Danish Act on the Promotion of Renew-
able Energy 21, 2, where the following state
guarantees for the costs of the initial benefits in
value are of a renewable energy project:

The granting of the guarantee shall be
conditional upon the following fulfilment of
the following conditions at the time of the
entry of the claim and the lodging of the

17

municipality at a distance of no more than
4.5 km from the location where the mill or
photovoltaic installation is planned to be
installed. In the case of wind turbines es-
tablished outside the scope of the invitation
to tender, the place of residence according
to point 1 must be in a municipality which
has a coastline within 16 km of the location
of the location. (Act No 356 of 4 April 2019,
as amended).

This provision reflects the Danish State’s
acceptance of, and support for, the conclusion
that citizens can join together on the creation

of energy supply activities, and that the State

is encouraging that this is done in a way that is
closer to specified conditions like the location

or influence by local citizens. The interaction
between civil society and civil society to pro-
mote energy supply is an important factor in the
formation of local energy communities.
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Figure 3: The development of generation of large CHP plants in 1980 into a much more complex system today, where
windmills and local combined heat and power plants have radically changed production.



THE NEXT, CRITICAL PHASE
OF THE ENERGY TRANSITION

Overall, along with the new EU directives, this
development leads to a radical disruption of the
energy system in Denmark. It points towards

an overall transformation of the dominant,
traditional energy regime, which is reflected in
the existing Danish legislation on energy and
utilities. The current developments therefore
require both structural and regulatory changes,
which support increased integration of the over-
all energy system. In particular, by allowing for a
number of new opportunities and tasks related
to connecting the energy system at the local
level, both through energy communities and
through the new roles that individual consumers
can take on, covered by the term ‘prosumers’
(which stands for: producing consumers).

A key challenge for the future collective
energy system is to establish flexibility in the
exploitation of the electricity produced. The
increasing volume of electrical power consump-
tion over the coming decades will significantly
increase dependence on wind and solar. This will
happen as, simultaneously, the large CHP plants

gradually decrease in performance efficiency
and economic viability. Here, the switch to less
C02 emitting fuels such as wood pellets work
only as a transitional solution, especially as the
consumption of these fuels has grown rapidly
and is unsustainable.

Establishing flexibility will require a combi-
nation of new solutions. In terms of heating,
it will involve building renovations, better use
of surplus heating, electrification of heating
production through e.g. heat pumps, and the
contribution from new types of heat generating
geothermal plants.

QOverall, this means that the existing energy
systems structure, and the regulation under-
pinning it, must be redefined in terms of both
their technical, legal and economic organization.
In other words, the energy transition is not only
a question of new technologies, but is greatly
reliant on changing the roles of citizens, busi-
nesses, municipalities, utilities, and the state,
as well as their ways of warking together.




The Energy Community, as introduced and
described in the section “What is an energy com-
munity?”, ideally consists of four components.
Together, these create value both in terms of
local community building, for each of the involved
partners and users of the energy, and by reducing
adverse impacts on the climate. The four com-
ponents are: (1) the organizational and activity
framework that the Community and cooperation
provides, (2) the participating parties and their
contributions in terms of land and investment,
as well as benefits in terms of energy supply and
increased comfort; (3) the new renewable energy
technical installations; and (4) cooperation with,
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and services to, the collective energy
grids and suppliers.

The following sub-sections will go through the
contributions of the different partners, the com-
mon renewable energy technical installations and
the contributions to the overall energy system.
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I ENERGY

ol
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THE PARTNERS’ BENEFITS
FROM AND CONTRIBUTIONS
TO THE COMMUNITY

The community partners, and the users that

they represent, mainly benefit from the commu-

nity’s work through increased comfort of their

homes and institutions, as well as the reduction

in overall energy costs. This reduction stems

from multiple sources, where different partners

contribute separately and collectively:

« the optimization of heating systems, electrici-
ty usage and building exteriors;

« the own production of energy through solar
panels and its use in e.g. heat pumps;

« potential participation in larger scale re-
newable energy installations “nearby”

« the management of the joint facilities to avoid
peak consumption;

« efficient use of the grid capacity;

« potential use of waste heat and -cooling from
shops, institutions and small businesses;

« potential supply of electricity to electric ve-
hicles and utilization of their battery storage

* lower network tariffs due to economies of
scale and less transport of energy in and out of
the community’s grid area.
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An energy community may include a number of
different partners who wish to engage in this
cooperation. The rules governing this will be
detailed in the following section 5. They may
include housing societies, public institutions,
shops and small businesses. By seeking broad
cooperation, better energy efficiency may be
achieved by combining the different consump-
tion patterns of the partners in the course of
the day, the week and the year. Thus, compaosing
energy communities of partners with different
consumption profiles and capacity to contribute
to load displacement, is an essential component
in creating local energy systems which can con-
tribute to the overall energy transition, but also
to limiting the need for building new grid ca-
pacity. The differences in consumption consist,
amongst other things, of variations in the peak
consumption periods as can be seen for heating
and electricity in figure 4.

— Power in household

1,60 — Heat in household
1,40 yA — Power in shop
/ — Power in school
1,20 — Heat in school
1,00 /
0,80
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0,40
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Figure 4: Day-based graphs (normalized) for typical household consumption of power and heat, as well as public insti-
tutions and shops consumption of power and heat showing peak load periods.



The delimitation of the Energy Community by
the type of participating partners implies, in
addition to the ideal objectives of developing a
meaningful local community and contribution to

the fight against climate change, the following
benefits and disadvantages for the functioning
of the community:

PARTNERS

CONTRIBUTION TO
THE COMMUNITY

OUTCOME OF
THE COMMUNITY

Housing deparment and
other housing units

Roof space for solar PVs and e.g.
ground space for the installa-
tion of vertical sources for heat
pumps

Energy optimization of buildings
and energy usage

Lower prices on power and
heat Access to electric cars

Basis for investments in re-
newable energy installations

School, kindergarden, library

Contribution to a different con-
sumption profile

E.g. contribution of surplus heat

Lower prices on power, heat
and cooling

Options for local electric cars
for common use

Shopping center, small busi-
nesses

Contributing with alternative
consumption profile

Utilization of surplus heat and
cooling

Lower prices on power and
cooling Increased local atten-
tion

Charging of electric cars and
bycicles

Contribution with load shifte
consumption through storage

Cheaper power and improved
management

Partnership in wind turbines

Extended self production

Basis for investments in re-
newable energy installations

There are therefore good reasons for seeking
a wider composition of an energy community,

as it increases its potential to function as an

ESTABLISHING RENEWABLE

effective part of the overall transformation of
the total, collective energy system.

ENERGY INSTALLATIONS

In addition to energy savings and more efficient
use of energy, the main contribution an energy
community can make is invest in the expansion
of renewable energy installations. For local ener-
gy communities in urban areas, this can typically
consist of solar panels which utilize existing

rooftops. Beyond this, it may be through sup-
porting or acquiring shares in e.g. wind turbines
located within or in the vicinity of the commu-
nity territory, which the energy community can
draw on without taking up grid capacity across
greater distances.

The capacity of solar cells to deliver energy is
largely determined by the available rooftops
amongst the energy community partners. Here,
housing blocks and municipal institutions can
often contribute with considerable capacity. It is
even possible, through special arrangements, to
gain access to rooftops of municipal institutions
who are not themselves partners in the energy
community (according to the Renewable Energy
Directive). Photovoltaic technology is described
in point 2 of the Technology Catalogue on “Solar
cells coupled with local electricity consumption”.

The dimensions of the photovoltaic installa-
tion is determined by the scale of investments
which the Energy Community wishes to carry
out, as well as how much electricity from solar
cells it makes sense to supply for own consump-
tion on a typical day. This need is determined by
how much electricity Community partners are
continuously consuming, how much electrici-
ty it is appropriate to convert to heating, and
whether electricity is used to e.g. charge cars
and bicycles. The excess electricity generated
by the solar cells can be sold to the collective
electricity grid.

There is also the possibility to stare smaller
quantities of electricity in batteries. This is most
relevant to offset short term peaks in consump-
tion and production, as batteries used only for
the storage of electricity are a very costly way
to store energy. This option is described in more
detail in point 3 of the Technology Catalogue’s
point 3 on ‘Local electricity production and
storage for flexibility’ The storage of electricity
in e.g. the batteries of electric cars is a possible
alternative, if the charging of electric vehicles is
part of the energy community's activities. It is
described in more detail in the following section.

While solar cells have a substantial part
of their production outside of the 3-4 winter
months, the advantage of having access to
electricity production from wind turbines is that
they have a more even production throughout
the year. If an energy community is allowed

to participate in wind power plants, the total
capacity should be aligned with this. The choice
of capacity should be guided by a concrete and
comprehensive analysis of the total energy
needs and investment abilities of the energy
community, and is therefore specific to each
energy community.

A very central component of the energy
community is the data collection and manage-
ment of electricity production, the conversion
of electricity for heat, the possible utilization
of waste heat, the storage and consumption
of electricity and heat from own facilities, and
from the collective supplies of electricity and
heat which are available to the community. In

this way, the Energy Community will be able to
optimize the operation of its own facilities and
the consumption of external supplies so that, as
awhole, it uses energy when it is the cheapest
and most efficient to produce. Thus, apart from
being based on renewables as far as possible,
the Energy Community's use of energy is also
optimized in terms of energy efficiency.

In this context, it is also important that
there are clear agreements on the use of the
collective grid by the Energy Community, as
referred to in the previous subsection on “Focus
on locally based energy communities” and fur-
ther explained in the later subsection on “Usage
of the collective supply grids”. It also requires
access to smart meters that can provide data on
the partners’ electricity and heat consumption,
so that data collection and management can be
achieved. Parts of this is also referred to in point
1 of the Technology Catalogue in Appendix A on
“Use of existing energy grids and meters in the
Energy Community”.



ELECTRIFICATION OF HEATING
SUPPLY AND TRANSPORTATION

Electrification of the heating supply mainly
consists of using electricity generated by solar
cells to run heat pumps. Normally, heat pumps
require access to a sizeable, flat area to feed the
pump. However, in urban areas, it is also possi-
ble to use vertical drillings as source. If the ener-
gy community is located near a harbor or a lake,
it may be possible to use the temperature in the
water as feeding source. Heat pumps and their
feeding sources are described further in point
4 of the Technology Catalogue on “Heat pumps
with local energy consumers” and the following
four sub-points on: (a) geothermal heating;

(b) lake/sea water, (c) air and (d) rooftops, as
feeding sources for heat pumps.

The advantage of using heat pumps is that
they use the electricity generated much better
than, for example, direct electric heating. This
is because the heat pump produces heat energy
in excess of the electricity it consumes. At the
same time, heating is in itself much easier

and cheaper to store than electricity. Firstly,
buildings and the district heating grid alone are
capable of shifting demand for heating for 2-5
hours. Secondly, heating can be stored in buffer
tanks, as described further in paint 5 of the
Technology Catalogue on ‘Heating buffer tanks
for peak shaving’

Deciding the optimum capacity of heat pumps
and heat buffer tanks for storage of heat must
be based on a more detailed analysis, deter-
mined by the level of investment in heat pumps
that the energy community wants to make,

and how much power from solar cells it makes
sense to convert into heating. The needed heat
pump capacity is determined by the amount of
heating that is continuously consumed by the
energy community, how much of this production
may be shifted in time according to when the
heat pump is used, and the amount of heating
it makes sense to store in buffer tanks. The
surplus heating produced by heating pumps can
be sold to the collective heating supply.

It may be beneficial for an energy community
to also contribute to electrification of passenger
and freight transport, by allowing electric vehi-
cles to be charged inside the community area.
These include cars, small goods vehicles for
shops and small businesses, and cars related to
municipal institutions. Firstly, the electrification
of transportation is an important part of the
total Danish energy transformation. Secondly,
the management of when and how vehicles
charge, as well as potential use of car batteries
at peak load times, could contribute to overall
energy efficiency and limit the need for capacity
expansion in the electricity grid. Managing the
charging of electric vehicles is described in detail
in point 6 of the Technology Catalogue on “The
combination of electric transportation and their
batteries for flexibility”.

EXCESS HEAT
UTILISATION

Although access to integration of surplus heat
and -cooling is not mentioned directly in the
context of energy communities, collective heat-
ing and cooling operators are obliged to provide
connections, just as they are for local renewable
energy sources (Renewable Energy Directive
(RED), Art.24). It is therefore sensible to consid-
er surplus heat and cooling, as something that
could integrate into the total community energy
system. This energy can potentially replace
other energy production, if it can be fed into the
system with the right thermal quality.

CONTRIBUTIONS TO THE
DANISH ENERCY TRANSITION

First and foremost, energy communities con-
tribute by increasing the amount of renewable
energy in the overall energy system. The Energy
Community’s focus on energy as a shared
resource supports cantinual efforts related to
energy efficiency and energy savings.

A local energy community is able to deliver
flexibility to the collective system, through
timing and managing its production, conversion
and partly also consumption of energy. This will
constitute an important complement to the
regional and international supply networks and
the major energy producing entities. The flexi-
bility is based on reducing demand for electricity
and heating during peak load times and, as a

Especially if there are shops and small businesses
as partners in the Energy Community, it would
be relevant to ensure the use of their surplus
heating, e.g. from refrigeration equipment, in
the community heating system. This option is
described in point 7 of the Technology Catalogue
on ‘Combined retail cooling and heating capture.
The heating contribution of this type of plant can
be quite significant, and its use is relatively low
cost once the energy community has established
the necessary installations and energy manage-
ment systems.

consequence, also reduce the need to add ca-
pacity to collective supply networks at both local
and at regional level. The functional contribution
of peak load shaving is that the energy commu-
nity can avoid purchasing electricity and heating
in periods with high energy prices. It is also
possible that energy communities can contrib-
ute to the provision of flexibility at times when
this service is demanded outside the commu-
nity’s local area. Here, the local, interconnected
and flexible energy systems which combine own
production with conversion and load-shifting,
are crucial for the efficiency and sustainability of
the overall energy system.



26 Who can be a partner, and how should
an energy community be organized?

An energy community is a legal entity which
constitutes a cooperation between different
partners, as described in the previous section.
These will be partners who have actively chosen

PARTNERS AND OBJECTIVES

Partners in the energy community can be
individuals, homeowners, Cooperatives, public
institutions, shops and small businesses. They
are all characterized by being energy consumers
who choose to partake in a community in order
to achieve greater benefits through this. Which
entities are allowed to be partners in a specific
energy community is determined by its legal
construction, and the rules on participation laid
down in the statutes of the community. The en-
ergy community's partners can each contribute
their energy installations, and they can invest
in and operate energy installations under the
umbrella of the joint venture.

The Electricity Market Directive opens
the possibility for a subsidiary of e.g. network
companies to be a partner in a civic energy com-
munity (Electricity Market Directive, preamble
pt.44). For an energy community, it may be
advantageous that a major energy company in-
volves a subsidiary, because they have technical
expertise and a thorough knowledge of energy
sector regulation. In addition, energy companies
may participate financially in concrete projects,
either as a participant in an energy community,
in compliance with the provisions of the direc-
tives, or as a cooperating party in the construc-
tion of major technical installations. Here, the
Energy Company and the Energy Community
each construct their share of the technical in-
stallations, which can then be operated jointly.

to collaborate around joint investments and the
operation of energy installations, and who may
produce energy to supplement self-consump-
tion, as well as possibly sell to others.

The participation of an energy company is not a
necessity, and there may be benefits to energy
communities instead working as clearly defined
and delineated actors, in relation to energy-pro-
ducing companies or electricity dealers, and in
relation to companies that operate the collective
energy grids.

“The benefits of being part of

an energy community may be

both environmental, econom-
ic and social”

The objectives of energy communities, according
to the EU Directives, are aimed at creating envi-
ronmental, economic and/or social community
advantages rather than purely economic gains.
Thus, their basis and starting point differs from
the purpose of commercial enterprises, whose
objective is to generate profits for the owners
(Renewable Energy Directive, Art.2 and Electric-
ity Market Directive, Art.2). The special thing
about energy communities is thus that their
partners are all actively involved in and benefit
from the community’s activities. They have

an intrinsic interest in these activities, as the
energy community first and foremost produces
energy for the partners themselves, rather than

warking from a primary objective of producing

something to be sold as a product to others.

Interaction with the environment - the collec-

tive suppliers - happens primarily an exchange

of services with them. These benefits for the
community can be environmental, economic or
social:

* The environmental impact stems from the
climate impact of energy savings through
improvements to energy installations, reduced
energy waste, or conversion from fossil fuels to
renewable energy, thus reducing CO, emissions.

 Economic benefits may be directly through
energy cost savings due to joint activities and

ANEW ACTORIN
THE ENERCY SYSTEM

The Energy Community differs significantly
from the consumers who currently make up
the energy system’s customer side. At present,
the individual housing property, institution or
business is supplied with heating, and then has
meters for distribution between, for example,
apartments/households. The electricity supply,
on the other hand, provides the household,
institution or business with meters for each
individual customer.

Energy communities can be constructed
in various ways, and thus represent different
forms of collaborations. They could for instance
focus purely on establishing new production
of renewable energy for electricity or heating,
perhaps including distributed activities such as
recharging points for electric cars which could be
incorporated in the pravision of flexibility. In this
sense, a number of already known forms

lower energy prices for citizens, shops, public
institutions and small businesses, and indirect
by creating jobs for local craftsmen, or channe-
ling profits towards establishing local busines-
ses such as socio-economic enterprises.

* The social advantages of the community must
be understood in a broad sense and cover,
for example, local community building and
empowerment through the participation of
different citizens, and the creation of social
relations.

of cooperative organizations which own small
wind farms, photovoltaic installations, etc. could
in future also be organized with reference to
provisions on energy communities.

According to the EU directives, an energy
community is not bound to be established within
a coherent area with a local organization of
energy activities, but may as well be e.g. a group
of distributed energy consumers who together
own and operate electricity production through a
wind turbine or photovoltaic park located nearby.
Examples of these energy communities could be
all municipal properties, which together formed
an energy community that operates photovoltaic
installations and heat pumps for these proper-
ties. It could also be an association of car-sharing
users, who jointly operate a fleet of electric cars
and an electric charging point grid.
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PRINCIPLES FOR PARTICIPATION
IN AN ENERGY COMMUNITY

The liberal market approach, which permeates
the EU Directives, has led to the idea that par-
ticipation in an energy community must be open
and voluntary (Renewable Energy Directive,
Art.2 and Electricity Market Directive, Art.2).
It also supports the democratic dimension
of energy communities. This means that the
community statutes must include clear rules for
the admission of new partners, as well as make
it possible for a partner to withdraw from the
community. In practice, this further necessitates
that the energy community statutes include
rules on how a new partner can contribute to the
financing and further development of the com-
mon energy installations, as well as rules on the
financial commitments and rights of a partner
upon termination of community membership.
These sides of the partnership mean that new
partners must adhere to the existing objec-
tives and activities of the energy community. It
limits who can be and apply for admission as a
partner in a specific energy community, as it is
not simply a question of being a customerin a
market-based relationship.

If the energy community is delineated as
keeping its activities within a specific local area,

new partners must be associated with this
neighbourhood, and be able to contribute to
these particular types of activity. There is no
requirement for physical proximity in the direc-
tives, with the exception of the indication that
an energy community is able to own and oper-
ate a renewable energy installation in the vicini-
ty of the community. Despite that, this hand-
book is particularly interested in the context of
coherent and area-based energy communities,
as they offer some special advantages both for
the community and the surrounding collective
energy system. Although the nearness-principle
is not formally defined, it is already known in
Danish law - and from a number of other Mem-
ber States - where only persons and institutions
living or located within a certain distance of the
renewable energy project can participate in the
project (Danish Act on the Promotion of Renew-
able Energy, §15).

In the case of a more distributed community
with a limited purpose, e.g. the organization of
electrified transport, new partners must be able
to meet the criteria for partnership/member-
ship and adhere to the purpose of the activities

organized around and by the Energy Community.

"Energy communities with local proximity can
own a renewable energy installation located not
too far from the community"

TASKS OF THE ENERGY
COMMUNITY

The decision-making competence in an energy
community must lie with the partners, who
must control all decisions taken in the joint
community. This has been followed up so that
e.g. subsidiaries of commercial companies are
not permitted to have a decisive influence in an
energy community.

The Renewable Energy Directive lays down
requirements for the independence of energy
communities. This implies that the Energy Com-
munity is not subject to external control and that
the decision-makers formally involved should not
be subject to instruction from persons other than
those legally allowed to participate in the Energy
Community. There is no equivalent in terms of
clear rules in the Electricity Market Directive
on citizen energy communities, apart from the
restrictions above on the participation of subsid-
iaries and the general wording, that: “However,
the decision-making powers within a citizen
energy community should be limited to those
members or shareholders that are not engaged
in large-scale commercial activity and for which
the energy sector does not constitute a primary
area of economic activity.” (Electricity Market
Directive, Preamble, 44). An energy community
must be able to organize, invest in, manage and
exploit a local energy system, in cooperation with
the surrounding regional and national supply
networks. It thus requires a new and legally
formalized form of organization, and represents a
new form of content for the parties in the area of
the neighbourhood, town, village or other type of
community to organize around.

It is essential for the realization of common
energy projects, that the energy community
partners make agreements on how the projects’
planning, pricing, role distribution, alternative op-
tions/plans, system design, expected production

of the system and management of operating ex-
perience with the system, servicing, and not least
financing. Although not all of these elements
must be included in the legal basis of the Energy
Community organization, but can be included in
agreements between the partners, the organ-
izational framework of the Energy Community
should strongly reflect the activities envisaged by
the cooperation.

‘A local energy community
requires a relationship built on
trust between the parties”

Thus, experience suggests that there is a big
difference between establishing and operating
a wind turbine as compared to, for example,
the operation of a photovoltaic installation
in combination with heat pumps. When the
installation has the purpose of supplying a local
area, where the different partners have differ-
ent energy consumption profiles, this must be
taken into account in shaping the organizational
framework and describing the way the Energy
Community intends to carry out its activities.
An energy community may choose to build
their own expertise for the running of the day-to-
day business. But just as it makes sense to pay
for expert advice for projects outside the com-
munity, it also makes sense to consider paying
for external services such as data management,
ongoing optimization of the energy systems, and
the operation of all the energy installations.

29



30

THE DIFFERENT MOTIVATIONS
OF THE PARTNERS

The partners of the Energy Community will have
different motivations behind their participation in
the establishment and operation of Community
activities. Although they can all may support
both the idealistic and the practical objectives of
the Energy Community, they will in their primary
functions have completely different tasks and
modes of management. They are so to speak

a motley crew of partners working together to
solve a commaon task with a common purpose.
This should not be seen as a disadvantage, but
rather an end in itself, which supports demo-
cratic processes and maintains local community
engagements.

Establishing an energy community requires
a relationship of trust between those who may
be interested in founding the community in the
local area. Lack of experience in working with
local energy projects, and in particular how they
are initiated, can be a barrier to the realization of
an energy community. It requires insight, which
can be drawn from this handbook and from
similar projects in other urban areas. It may also
be drawn from persons or organizations with spe-
cific knowledge of the specific project content.

Shaops, small businesses, cooperative housing
societies and private home owners typically have
a close link between management, and decisions
on investments and day-to-day operations. Or, in
the case of a local branch, they are able to receive
a decision-making mandate from top manage-
ment. In e.g. social housing organizations and
municipal institutions, decision making structures
and engagement is distributed across several par-
allel forums and shared by representative, political
and administrative leadership branches.

In the social housing sectar, it is essential that
coordinated support is established across the
democratic bodies of the organization, and
the administration established for the day-to-day
management and operation of these housing
units. Both sides of the organization must be

involved, and it may sometimes be necessary to
overcome previous unfortunate experiences with
other similar initiatives.

In addition, there may be regulatory barriers
for local actors to participate in energy commu-
nities. In this context, one might refer e.g. to the
Danish Act on social housing, which, in accord-
ance with §6 of the Act, defines the purpose and
the core areas of social housing sacieties. Partic-
ipation in energy communities is not included in
the definition of these core areas. However, para-
graph 2 of the same provision creates an opening
for participation in other activities, expressed as
follows:

In addition, the housing society may carry
out activities which have a natural link to
the homes and the administration there-
of, or which are based on the knowledge
acquired by the housing institution through
its activities.

On the basis of that provision, a Danish govern-
ment order on Side Activities in sacial housing
societies has been composed. This includes the
participation of social housing organizations in
energy supply services and the like. The guiding
principle is that a social housing organization or
division can own and operate heating-, water-,
and cogeneration supply companies, electronic
communications services and renewable electric-
ity generation facilities. The prerequisite is that
the number of customers external to the social
housing organization is relatively limited. For elec-
tricity generating installations, it is further a reg-
uisite that the electricity must be delivered to the
housing division or to the collective electricity grid,
and a maximum limit for the supply of electricity
has been set which corresponds to an installed
power of 6 kWp (peak capacity) per residential
and commercial unit. The housing organization

or division may also contribute to and participate

in the management of the above-mentioned
facilities, when they are external.

The 1998 Guidelines on Side Activities writes
that there is no requirement as to the size of the
deposit, or that the installation must be organ-
ized in a particular way. The management of the
social housing society must however ensure, that
the total involvement in the energy supply servic-
es is financially sound. In terms of the electricity
generating module, it is worth noting that elec-
tricity can be supplied to the collective electricity
grid from an installation established in a social
housing division. There may be a need to clarify
the side-activities of the housing organizations in
some areas, adapting it to the energy targets for
energy communities.

Municipalities will typically have a joint admin-
istration and operation of buildings and energy
installations, cutting across individual types of

ENERGY COMMUNITIES
IN COMPANY LAW

In Denmark, many different types of legal struc-

tures are used for energy- and utility companies.

This can be used as inspiration in choosing the
company law form most suitable for the tasks
and decisions to be handled by an energy com-
munity. A distinction is usually made between
non-profit and for-profit organizations. The
latter kind of company is intended to provide a
financial gain for its participants, for example
through lower energy prices or revenues from
the sale of energy. The non-profit organization
typically pursues more general objectives with-
out financial profit for the participants.

In this context, the focus is on for-profit com-
panies, where some companies are referred to
as limited companies, i.e. shareholder compa-
nies and limited liability partnerships, while oth-
ers are known as unlimited companies, where
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administrative, social and educational insti-
tutions. This unit will carry out joint tasks and
have established routines and policies for this
operation, which local management and involved
citizens have very little influence over. Here, it is
necessary to establish an overall understanding
inside the municipality’s political and administra-
tive organizations of what energy communities
can contribute. This may then pave the way for
the creation of open guidelines for a possible joint
operation of buildings and energy installations,
so that they can take part in the local community.
This is specifically supported by EU directives,
where municipalities are both listed as potential
partners in an energy community and where, for
example, municipalities and public authorities
can make suitable roof surfaces available for
photovoltaic cells, if the contribution of electricity
is used in the local area.

at least one member has unlimited liability for
the company’s debts.

The unlimited partnership is an example of
the latter kind of organization. In addition, there
are other types of companies, such as coopera-
tives and partner companies.

There is thus much scope between the
company types in relation to the legal posi-
tion of the participants. In the typical limited
companies, the legal status of the participants
is regulated in several ways. This applies to a
certain extent also to cooperatives, while there
is typically contractual freedom in unlimited
partnerships and assaciations with regard to
the roles of participants (the Danish Commercial
Companies Act).

In addition to the diversity of company law,
there is also an economic regulation of some
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companies. This is the case of electricity- and
district heating companies, where a specific
framework for company profits has been set.
The profits of district heating companies are
thus extensively regulated according to the
so-called ‘break-even’ principle, in which income
and expenditure must balance, which means
that there is normally no return on capital in a
district heating company (Danish Consolidation
Act No 64, 2019, §202).

Around 340 of Denmark’s roughly 400 district
heating suppliers are organized as cooperatives,
in which consumers are typically members. The
co-op spirit of these district heating companies
is visible in that members receive their heating at
the lowest possible price, and thus the company
acts in the financial interest of its members. In
some electricity companies, which are organ-
ized as cooperatives, a part of annual profits is
returned to its members in the same way as in
the district heating company, while another part
of the profits may be donated to non-profit pur-
poses, e.g. financial support of activities for the
benefit of the local community.

COOPERATIVE OR ASSOCIATION?

The statutes of the cooperative or association
must regulate all matters relating to decisions
on investments, operation and settlement of the
energy consumed (heat and electricity respective-
ly) and, where applicable, the liguidation/with-
drawal of a partner. This is because their purpose
is non-commercial, and it must be decisive for
the partners that their economic responsibility is
limited (as opposed to e.g. the partnership) and
their value is not, as e.g. in public limited compa-
nies being freely traded as shares.

Examples of standard statutes of these
two forms of organizations and companies are
outlined in Appendix B.

The choice of the legal form of the undertak-
ing should in this context be determined by its
ability to limit the liability of the participating
parties, as well as ensure that the parties’
participation in the energy community does not
constitute an asset which may be valued and
traded freely in a marketplace.

“The cooperative and the asso-
ciation are the relevant
forms of organization”

With this in mind, an energy community may
benefit from being established legally either as
an association or a cooperative (with well-de-
fined and limited liability), where the partners
are either members or co-op shareholders - in
both cases here denominated as partners.

The EU Directives do not demand certain types
of company, but leave it to the Member States
to decide which forms of company are to be
accepted in the formation of an energy commu
nity. The Renewable Energy Directive states:

Therefore, it should be possible for Member
States to choose any form of entity for
renewable energy communities, provid-

ed that such an entity may, acting in its
own name, exercise rights and be subject
to obligations. (RE Directive 2018/2001,
Preamble, 71)

while the Electricity Market Directive prescribes:

It should therefore be possible for Mem-
ber States to provide that citizen energy
communities take any form of entity, for
example that of an association, a coopera-
tive, a partnership, a non-profit organiza-
tion or a small or medium-sized enterprise,
provided that the entity is entitled to exer-
cise rights and be subject to obligations in
its own name. (Electricity Market Directive
2019/944, Preamble, 44)

Member States are required to actively pro-
mote the market maturity of renewable energy
communities. In addition, both directives require
that the Energy Community should not be
prevented from acquiring registrations and/

or licenses through undue, disproportionate or
opaque procedures (RE Directive, Art.22, 4 and
Electricity Market Directive, Art.16, 1)

One of the recommended legal forms, the
cooperative, is well known from private coopera-
tive housing and social housing, as well as from
a number of co-op utility companies which have
proved very successful over time. In its organ-
izational structure, the cooperative includes
all the principles required by the EU directives.
With regard to the liability of the members of
the cooperative, this should include working
with limited liability.

Cooperatives are typically characterized by
the equal position of the members (or part-
ners) of the cooperative, allowing for optimal
decision-making processes, where partners are
heard consulted along the way and decisions
are made on that basis. The cooperative can be
structured in various ways, with its supreme
authority as either a general assembly or a
board of representatives. In the former case, all
partners are able to participate in the gener-
al assembly, while the representative model
assumes that various stakeholders appoint rep-
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resentatives to the Board of Representatives,
which then constitute the highest authority.
Both models are known from energy utility
companies.

The second recommended legal form, the
association, is likewise a well-known way to
be organized in Denmark. Also in this form, it
is essential that the association is established
with limited liability. As with the cooperative,
the statutes of the association can contain
the provisions which the EU Directives require
for energy communities. associations have a
less institutional character than a cooperative
company and can therefore be regarded as a
more “layman’s” model of organization. The
association is arganized on the basis of the
specific agreements between the members (the
partners), and is thus more open and flexible
to be specifically adapted to the tasks of the
Energy Community than the cooperative form.
But this also increases the need for precision in
the clarification that must precede the concrete
organizing of the association, and the writing of
its statutes.

There will be some common characteristics
of energy community cooperatives and associ-
ations, due to the fact that they under Danish
private law will be regarded as a commercial
actor. Both types of companies generally fulfil
the requirements, although the statutes must
reflect the purpose and needs of the partners in
relation to the operation of the Energy Com-
munity. In addition, it is relevant that these
commercial actors also have a limited liability,
meaning that no partner is personally liable,
without restriction and with joint and several
liability. Both types of legal form is, therefore,
in line with the EU Directives' regulation of
openness and decision-making in the energy
community.
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The following table shows a comparison
between the Cooperative and the Association,
with particular focus given to pointing out

similarities and differences of the two forms
of company proposed for the establishment of
energy communities:

Function/task

Cooperative (limited liability)

Association (limited liability)

Involved partners

To be specified in statutes, but
according to EU: citizens, housing
societies, institutions, municipali-
ties, small businesses

To be specified in statutes, but
according to EU: citizens, housing
societies, institutions, municipali-
ties, small businesses

Partner ownership

Shares in the cooperative

Membership of the association

Partner equality

The statutes must ensure that
share holders are at equal footing i
relation to the purpose of the energy
community

The statutes must ensure that
members are at equal footing i
relation to the purpose of the energy
community

Functional area

Engages in economic activities on
behalf of the share holders

Engages in economic activities on
behalf of the members

Economic
basis

The coop shares provides the
cooperatives capital - which can be
extended with an annual contri-
bution and payments for specific
energy services

Membership can be based on a con-
tribution, that provides the associa-
tions capital - which can be extend-
ed with an annual fee and payments
for specific energy services

Decisive power

The Members Council, which can
delegate tasks and competences to
a management board

The general assembly, which can
delegate tasks and competences to
a management board

Company law

Law on business companies put
demands on the structure of a
cooperative

Law on business companies
specifies very few demands on the
structure of an association

Company registra-
tion

The cooperative's statutes must

be registrered and accepted by the
Danish Business Authority a.o. to
safeguard the limitations on liability

The association's statutes must

be registrered and accepted by the
Danish Business Authority a.0. to
safeguard the limitations on liability

Basis far voting

At the outset it is the size of the
share that detimines influence, but
the statutes can regulate this with
different weights in relation to
types of decisions

At the outset members have equal
influence, but the statutes can reg-
ulate this with different weights in
relation to types of decisions

The association is in principle the most flexible
company form of business law, since it allows for
greater scope of variation in the design of the
articles of association. It may therefore take into
account specificities and tasks, such as having
energy installations within the energy community
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of which part are owned and administered by
the parties jointly, and part individually. Coop-
eratives, on the other hand, are better known
in connection with energy installations in the
Danish context.




The EU Directives, as also set out in previous
sections, emphasize that an energy communi-
ty has the right to activities consisting of the
production of electricity (and heating). This spe-
cifically includes production based on renewable
energy sources, as well as distribution, supply,
consumption, aggregation, energy storage, en-
ergy/electric vehicle charging services, and pro-
vision of other energy services to its partners.

VARIABLE PRICES OF
ELECTRICITY AND HEATING

A number of studies have been carried out on
price signals as a way to regulate the behav-
iour of consumers and businesses, in particular
within the electricity sector. They have led to
the conclusion that consumers do not react spe-
cifically to price changes, and if they do, it is as
step-wise changes in behavior. The simple rea-
son is that the individual consumer or household
is very bound by daily routines and practices,
where a variation in electricity prices does not
play the big role in the short term.

In the future, first electricity and then
heating will be settled with time-varying prices
across the day and night, possibly also over the
yea. Prices will depend on the production of
electricity and heating in the national and re-
gional networks. This because more professional
organizations will be able to manage consump-
tion times, and turn installations on and off
making the integrated energy system more effi-
cient, and adjusting consumption to the varying
weather-dependent production pattern. This
makes it possible to avoid unnecessary capacity
extensions to provide for peak load periods.

While it is clear that, in general, sale of elec-
tricity (and heating) cannot in the future be on a
fixed price independent of the time of

In consequence, the future Danish legislation
may not create obstacles to the practical ability
of the energy community to enforce this right.
This requires a framework for interaction with
existing collective energy supplies for electricity
and heating as well as the collective infrastruc-
ture for the distribution of energy, which also
defines constraints on how an energy commu-
nity can operate and which financial benefits it
can offer its partners and energy users.

consumption, there are two challenges in
choosing a generally applicable pricing model
for electricity and heating. Firstly, the liberalized
trade in electricity will imply that electricity
trading companies can choose to offer differ-
ent “products” where some are based on fixed,
known prices and others will involve different

kinds of price variation. Secondly, it would be
difficult also for an energy community to man-
age their own energy production only based on
the fluctuating prices, which do not necessarily
follow a recurring daily and weekly variation.
This is as opposed to the energy community’s
own production and consumption of energy,
which more easily can respond to fixed prices
within specified time intervals.

However, it is desirable to avoid grid peak
load and rapid changes in demand resulting
from customers’ responses to variable prices
of electricity. Therefore, a distinction must be

made between the different “products” that the
electricity trading company can offer, and their
responsibility to the entire electricity system.
Along with large corporate and other profession-

USE OF THE COMMON GRIDS

For almost all energy communities, their rela-
tions to the supply infrastructure in both finan-
cial and technical terms will be crucial for both
operations and investments. These are essential
for an energy community to internally achieve
financial and comfort benefits, while being

able to reduce its electricity consumption, and
provide flexibility to the regional energy system.
Here, three things are of particular importance:
The use of, or connection to, the collective grids;
tariffs for the transport of electricity and heat-
ing within the community, as well as transport
between the community and other producers
and consumers; and costs of metering and data
connections.

Few energy communities will benefit from
building their own grids and operate as an
autonomous energy “island”. For society as a
whole, and most energy communities, it will be
beneficial to use the existing and possibly new
common grids. Both aspects are regulated by
the EU Directives, which require grid operators
to cooperate with energy communities and
facilitate the transmission of energy through
and within the community (Renewable Energy
Directive 2018/2001, Art.16), while stating that
they have the right to own, establish, buy or
lease the acquisition network (Electricity Market
Directive 2019/944, Art.15).

The model outlined in Figure 1 (in the section
on ‘What is an energy community?’), on the
use of a virtual grid, with tariffs based either on
e.g. reserved capacity or with a rental/leasing

al customers they will be responsible for their
consumption and to contribute to flexibility and
the leveling of loads.

arrangement is a way of paying for the use of
the collective grid. It would also discourage the
creation of parallel supply networks. It ensures,
through agreements, that the extension of
network capacity can be limited.

Proprietary networks exist today around
large companies acting as a single client, as well
as e.g. some allotment associations having joint
ownership of the land. Energy communities that
produce their own energy reduce peak loads and
will thus overall reduce the need to build new
network capacity. They should therefore not be
charged based on average costs, which do not
apply in their case. Nor should they be placed at
a disadvantage to large companies, as access
to smart meters is already burdened with a
subscription fee per customer/meter.

In the current electricity system, network tariffs
which have typically been paid after consump-
tion (per kWh) has meant that the actual
electricity price is only a minor part of the total
payment for electricity. Consequently, a varia-
tion in the electricity price has had little impact
on the total electricity bill in smaller businesses,
institutions and households. At the same time,
the network tariffs illustrate that the costs of



distributing electricity are a significant part of
the cost of this form of energy — in particular
concerning the distribution of electricity over
long distances, where grid losses are significant.

In addition to this, the Danish government
has collected a duty on power consumption. By
way of illustration, the total fees and duties
(including the PSO charges) in 2018 were 1.16
DKK per kWh, while the net tariffs were 0.08
DKK to Energinet, between 0.11and 0.22 DKK to
the local network tariff and between 0.005 and
0.1 DKK in subscription per connected customer.
This should be compared with 0.24 DKK per kWh
as the average electricity price.

Currently, a distinction is made between
three different customer segments for electrici-
ty, based on the level of consumption or voltage
level with which they are connected to the grid.
Households are typically connected locally to
cable in the 0.4 kV grid close to the individual
property and rent a local meter with the pay-
ment of a C tariff. Larger companies will be can-
nected to a 10 kV network with a B tariff, while
even larger production units will be connected to
the 50 kV network with an A-tariff.

Large customers thus pay substantially less in
the regional network tariff than househalds. This
distribution is unlikely to be tenable after the im-
plementation of the new directives. The EU Direc-
tives emphasize the requirement to operate with
cost-based network tariffs. It is essential that
this principle is outlined clearly in future Danish
regulation, since it has been treated more as an
overall non-profit principle in the previous net-
waork tariff definition. A non-profit principle in the
sense of allocating the total costs (of operation,
administration, maintenance, network losses,
capacity upgrade, and provision of new networks)
amongst the paying network customers through
connection charges, meter rental, and tariffs

charged to different client groups. This means
that e.g. investments in the reinforcement and
replacement of a worn out grid are spread across
all customers through a total balancing of costs.
In future, this allocation must take into account
how energy communities can reduce these costs.

Implementation of the directives must neces-
sarily take into account the elements of proximi-
ty mentioned in the directives (RE Directive
2018/2001, Art.2 and Art.21; Electricity Market
Directive 2019/944, Art.16). The implementation
will here benefit from distinguishing between
the physically coherent local energy communi-
ties (with proximity as a criterion), and distrib-
uted energy communities (where no provision
is made for distances). This is a distinction
which is difficult to avoid, since the provisions
of the Directives laying down network charges
(tariffs) specifically introduce a differentiation
of local tariffs, so that the current situation of
two network tariffs cannot be continued, but
requires the addition of a third level reflecting a
boundary between activities within the Energy
Community, and the surrounding networks and
energy activities.

The following table shows how proximity and
the requirements of the Directives on cost-ori-
ented net fees (tariffs) interact with different
forms of ‘ownership’ and access to the netwark
(collective, private and virtual grids).

Type of energy Ownerhsip/access Within the energy Outside the energy

community to grid community community

Distributed Common grid Standard grid-tarifs Standard grid-tarifs

community

Local energy Common grid Standard local grid-tarif | Standard grid-tarif for

community exchaged power
Virtual grid Renting / leasing - acces | Standard grid-tarif for

to capacity exchaged power

Private grid with one | No tarif due to private Standard grid-tarif for

customer ownership exchaged power
Private grid / com- No tarif, free choice of Standard grid-tarif for
mon among several power-trader with local | exchaged power
customers tarif

Some of the same conditions apply in the case
of district heating, but here the allocation be-
tween the price of producing the heating itself
and the distribution of it has been hidden in one
total price. This has not reflected, and therefore
has not taken into account, losses, or variations

OTHER 'NEW" ACTORS
— IN PARTICULAR IN THE
ELECTRICITY MARKET

In order to more fully understand the intended
regulation of the energy system, with energy
community as one of the new actors, it is appro-
priate to also clarify the role that consumers can
take under the EU directives, by being ‘prosum-
ers’ (producing consumers), either as active cus-
tomers (Electricity Market Directive 2019/944)
or as renewables self-consumers (RE Directive
2018/2001). In addition, the new market actor,
the "Aggregator”, which has already for some
time been discussed and experimented with in
connection with the energy transition, must be
addressed briefly.

in costs of production across time of day, week
and year. The payment for district heating in the
future will therefore need to be reviewed, not
least to support the establishment of energy
communities.

The role of ‘prosumers’ is already present today
in the Danish energy system, as consumers
investing in solar panels and/or heat pumps.
Renewables self-consumers are attributed some
rights, but their ability to act is, at the same
time, limited to “buildings”, “housing societies”
or “property boundaries”. These types of bound-
aries have, over the past decade, repeatedly
proved to be almost arbitrary and have made
exchanges of electricity between ‘neighbours’ a
legally difficult and financially bad deal due to
excessive tariffs.



These challenges are not solved by the Direc-
tives, despite their strong emphasis that unnec-
essary obstacles should not occur.

The trade between ‘prosumers’ is known
as the ‘peer-to-peer’ business - that is, direct
trade between users. This is opposed to ordinary
trade, which is done anonymously and without
individual customers knowing who produced
the electricity. This latter type of trade will be
subject to the standard network tariffs and
charges, and will therefore not provide a specific
incentive for ‘prosumers’ to trade e.g. electricity.
There is no direct solution in the EU directives
for the actors in the Danish energy sector, which
have so far been limited by Danish electricity
regulation. If you do not as a household, hous-
ing society or business consume your privately
produced electricity from e.g. photovoltaic cells
within your own property or land register, net-
work tariffs and charges cannot be avoided.

Power trading via the grid

The aggregator, as a new market actor, is
established to manage the timing of electricity
and heating consumption. It can thus contribute
with ‘flexibility’ or ‘capacity’ to avoid peak loads
in the overall energy system. These are servic-
es that will be in demand from the electricity
market at least at some of the time, when for
instance production cannot be made available or
the electricity grid does not have the necessary
capacity to transport the quantities demanded.
Essentially, there are four types of new ac-
tors, with their own sets of related rules for the
organization of production and trade. The new
‘energy communities’, along with ‘prosumers’,
have the right to produce, consume, store and
sell electricity, including based on renewable
energy. They further have the right to act in
the energy market by taking on a role similar
to the electricity trader. The third new concept
is that of ‘peer-to-peer trading’, which can take
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Figure 5: An illustration of the four new kinds of actors in the electricity market: energy community, prosumer, pe-
er-to-peer trade and aggregator - connected to the overall electricity grid and market.

place outside the open market for electricity as
trade directly between prosumers. The fourth
new functionality is ‘aggregation’ which can be
performed by an electricity trading company or
other market actors, but which can also be func-
tionally performed by an energy community.

These four are illustrated in relation to the
overall electricity market in Figure 5, where the
emphasis is on showing the new roles assigned
to energy communities, ‘prosumers,, peer-to-
peer trade and aggregators, respectively.

For those energy actors who have taken
the step from being individual customers and
consumers to ‘prosumers), the issue is that the
regulation envisaged by the directives do not
directly solve previous controversies over e.g.
the accounting for privately produced solar pow-
er, and the sharing of energy with neighbours.
This could be solved by establishing a system
through the Danish implementation, which
assigns a special ‘neighbouring tariff’ and mod-
ified charge for trade between neighbours and
within limited and local parts of the network.
Another way to address this issue is to formal-
ize local cooperation in an energy community. If
no particular action is taken, either by incorpo-
rating a new tariff framework into the imple-
mentation of the directives, or by the network
companies bringing these considerations into a
future tariff structure, the end result will be ac-
tive customers purchasing batteries to increase

the use of own electricity production, without
this having a positive effect on the transforma-
tion of the overall energy system.

The particular advantage of energy com-
munities is that they can contribute all of the
four functions. They have all the same rights as
‘prosumers, but in addition to this they can also
secure a local balancing of consumption in re-
lation to e.g. prices and tariffs, as well as enter
into trade with grid “flexibility” and “capacity”,
thus taking an the role of aggregator.

There is a particular challenge linked to the
energy community's option and right to operate
as buyer and seller in the overall electricity mar-
ket (regulated in Denmark by Energinet). The
exercising of this right will result in the energy
community also undertaking the general grid
balancing obligation of market actors, and con-
sequently an obligation to pay for imbalances
caused by the activities of the community, and
any deviation from contracts for the sale and
purchase of electricity. However, this balancing
obligation may be delegated to an electricity
trader, leaving the energy community free to fo-
cus on the optimization of its own energy instal-
lations and delivery of related data, rather than
build specific competencies related to acting
on the electricity market. Similarly, an energy
community may well functionally perform tasks
of an aggregator, without assuming the market
role of trader in flexibility and capacity.




DUTIES PAID TO THE STATE
AND THEIR PURPOSE

Since 1977, there has been a duty on the con-
sumption of electricity in Denmark, weighted
towards the housing sector due to a wish to
reduce charges on business activities. The ra-
tionale behind these duties was, amongst other
things, to incentivize energy savings. Reducing
energy consumption remains important, but the
main focus has today shifted to the phasing out
of fossil fuels. The EU Directives do not address
this type of duties to the State. Any wish to re-
vise the charges are curbed by the fact that the
electricity duty is a tax revenue, and thus falls
under the jurisdiction of the Ministry of Finance
rather than the energy authorities.

A (O, based duty, based on the emissions
from electricity generation or an the actual
consumption of fuels, will be much more in
tune with today’'s climate political goals. A
continuation of the general electricity duty in its
current shape, on the other hand, will be almost
counterproductive. While a future duty should
continue to incentivize reductions in energy
consumption, it must also contribute to the sus-
tainable and fossil-free transition of the energy
system, in a way which it currently does not.

Hence, in terms of climate policy considera-
tions, it is central to structure the future duty
system in order to promote, rather than hinder,
the sustainable transformation of the energy

sector. Therefore, a substantial part of the
future tax revenue must be derived either from
a (0O, based tax, or by the taxation of fossil fuels
(including biomass) in a way which promotes
the continued transformation.

A consolation in this context comes from the
current Danish “Law on the taxation of electrici-
ty” from 2017. While establishing that in general
duty is due on all electricity consumed in the
country, both through delivery and own pro-
duction, it excludes production facilities of less
than 150 kW. It further excludes installations
that produce electricity from wind, hydropow-
er, biogas, biomass, solar, waves, tides, and
geothermal heating, where the energy is directly
consumed by the electricity producer or by a
tenant of a property located in conjunction with
and owned by the electricity producer. A minor
adaptation of this Act will support the deploy-
ment of renewable energy, also through energy
communities.

In order to avoid that duties dominate in the
end-consumer price on electricity, thus reduc-
ing the impact of price variations as a steering
instrument, it would be highly beneficial for the
transformation of the energy system, if these
duties were not only dependent on consumption
(kwh), but, for example, dynamically followed
energy prices.

OPPORTUNITIES TO
CARRY OUT EXPERIMENTS

Under the previous government, an energy
agreement was reached with all the parties in
the Danish Parliament. Amongst other things,
this agreement refers to the need for regulatory
Free Zones, which can provide a framework for
major experiments to further the energy tran-
sition, especially in areas with local initiatives
around providing energy flexibility in combina-
tion with energy savings.

Energy communities cannot in general be
considered as ‘experiments, since the frame-
waork far energy communities and the related
general principles for determining e.g. net-
waork tariffs are a requirement of the new EU
directives, and must be implemented in Danish
legislation in the course of the coming year.

However, there are aspects which the EU
Directives do not take into account, such as the

need to redesign and change the regulation of
the heating supply, as well as its partial electrifi-
cation. It will make sense to support large-scale
experiments as the basis for implementing

a more consistent and stable integration of
energy systems across electricity, heating,
cooling and gas, so that they can effectively
contribute to and be part of the overall energy
transition. This will provide a stable framework
that facilitates the energy transition and allows
experimentation with the necessary long-term
investments. It will also be able to contribute
with experiences supporting the development
of future district heating regulation, as well as
provide lessons to help scale the creation and
deployment of energy communities.



The starting point of any project aiming to set
up an energy community must be to clarify the
general ideas and principles of the community
- defining its fundamental idea and objectives.
It may be motivated by the desire to create
greater local cohesion amongst citizens, insti-
tutions and businesses. It can also be justified
in terms of taking concrete action to reduce a
neighbourhood's climate impact, or to supply
better and cheaper renewables-based electricity
and heating to an area.

After this comes a number of important steps,
which all contribute towards the process of realiz-
ing the idea of an energy community:

1. Initiators must get in touch with the other local
actors they want to involve, and seek their sup-
port for the idea through dialogue. In this way
they can garner support for the central idea and
objectives of the energy community, as well as
show willingness to incorporate the wishes and
ideas of potential new partners.

2. Itis then important to clarify how many
partners will contribute to founding the energy
community. Each must decide how many re-
sources they are able to dedicate to supporting
the further process, in terms of both time and,
potentially, access to finance. This must be
cansidered by each individual partner, as well as
collectively.

3. It is necessary to provide a solid baseline for
the existing energy supply. This may include an
analysis of heating and electricity consumption
for a full year, as well as a number of selected

weeks and days. In addition, the structure

of the existing energy systems should be
mapped, in terms of connection points and en-
ergy transport capacity. This could be comple-
mented by an analysis of heating systems and
buildings (Heat optimized buildings, 2019).

. Next it may be useful to set out different sce-

narios for the extent of the energy community,
in terms of which partners should be involved,
and consequently which consumption levels
and profiles are represented. It will for instance
often be relevant to look at two or more delim-
itations of the energy community, where one
involves e.g. households only, while another
includes local institutions, shops, and possibly
small businesses.

. Establishing an analytical framework for the

energy community’s technical composition
based on renewable energy technologies. Then,
outlining combinations of appropriate config-
urations of renewable energy components,
corresponding to the identified scenarios and
what they require of buildings and land use.

. Obtaining information on possible sources of

funding for the investments needed to estab-
lish the Energy Community.

. Outlining the organizational framework of the

Energy Community, through a review of the
possible legal forms and a detailed discussion
of their respective advantages and disadvan-
tages. This may then result in a set of statutes
and the establishment of the energy communi-
ty as a company.

. Calculating an ‘optimal’ mix of renewable ener-

gy production and the need for storage technol-
ogies in the modelled scenarios, resulting from
a technical-financial calculation of investment
and operating costs. This aims to clarify the
benefits provided by the energy community, in
both increased comfort and financial terms. In
this connection it will be necessary to gather
information on tariffs and levies, which may

make it necessary to apply as an experimental
project in order to maintain certain framewaork
conditions.

9. Establishing an overall timeline and financing
plan for the realization of the various sub-el-
ements of the organizational and technical
architecture of the Energy Community. This
may involve choices between the identified
scenarios, and the adaptation of technical
ambitions to funding opportunities.

10.Implementation of the project with the involve-

ment of relevant contractors and technical advis-

ers, and divided into sub-phases if appropriate.
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Technology Catalogue

The Technology Catalogue includes the most
relevant renewable energy technology compo-
nents which can be used by an energy communi-
ty. It describes their key capabilities and relative
size, as well as requirements for access to space
respectively to energy grids. For each compo-
nent, information is provided in a tabular format
containing comparable information and includes
sketches and graphs illustrating the technology.
In addition, examples of their operational char-
acteristics in terms of time of production/use,
and where appropriate, variations in efficiency.
In the end, the potential for interconnectivity in
local grids is derived from model-based con-
siderations. The last two paints are illustrated
by graphs of potential benefits and diagrams
showing how components are interconnected.
New legislation is in the making and thus
also new calculations concerning tariffs and pric-
es for electricity and heat. This as a result of the

Danish implementation of the new EU Directives
on RE and the organization of the electricity
market, see the section on “Energy Community
Energy and Infrastructure interactions with this
Manual”. These new conditions will also affect
the boundaries of local - possibly virtual - use
of the common grid that an energy community
will have access to, as well as prices, tariffs and
charges from grid companies and utilities. The
impact of these factors will have a significant
impact on the way the different technologies
can be configured, see the section on “Energy
Community components” of the Handbook.

All price assessments are based on Danish
prices from 2020. As prices and VAT may differ
from country to country the prices are kept in
Danish Kroner (DKK) throughout the Technolo-
gy Catalogue. The typical exchange rate is 745
Danish Kroner for one Euro.
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USE OF EXISTING GRIDS AND METERS

IN THE ENERGY COMMUNITY

Energy communities will have an important role
to play in the emerging local energy systems
and can also contribute to the sustainable tran-
sition. New netwaork tariffs are emerging as a
result of the implementation of the new EU En-
ergy Directives. The new rules will deal with the
exchange of electricity locally and how to make
it easier for electricity customers to take part
in the market through flexible consumption, or
by themselves producing electricity, as well as
being partners in local energy communities.
The organization of the grid of the energy
communities will play an important rale for the
introduction of local renewable production in the
existing collective supplies while at the same

Technical description

Under the contemporary regulation, the grid
companies have a monopoly on installing grids,
even locally, ending at the main meter of each
energy customer. In practice, this means that
the vast majority of household are supplied
individually, while typically larger companies
may own their own internal grid. The new rules
resulting from the implementation of the EU
Directives will change these conditions.

If an energy community is established with
own meters, it can take over the management
of the local payment for consumption. But solu-
tions could also be envisaged where the Energy
Community rents the meters from the grid
company opening in the future for new forms of
cooperation between energy communities and
grid companies.

time reducing energy consumption. It is impor-
tant to develop the Energy Community based
on local production of heat and electricity based
on renewable sources and through a combined
management of consumption and possible stor-
age of energy. In this way, the price of electricity
and heat can become lower.

At the same time, it is necessary to clarify
how local distribution networks and meters are
part of the energy communities.

* Existing grids
« Existing meters
» Energy community

* In an existing electricity grid, supply companies
hold both billing meters and supply cables to
consumers, as shown in Figure 1. The supplier
company provides power to consumers who
pay for the power and connection to the grid.
Meters are typically placed at each apartment
to account for the energy consumption of each
consumer.

Figure 2 shows the conceptual outline of an
energy community taking an active role in

the grid, as it can generate power based on
integrating renewable energy sources, e.g.
from a photovoltaic installation. The power
can be used either in the energy community or
supplied to the electricity grid. Batteries can
also be installed to smooth consumption and
store power surplus e.g. from day to night or
over a weekend.



» An energy community can establish its own
electricity grid and connect to the collective
power grids via a main meter. It may install lo-
cal meters in apartments rented from the uti-
lity company or set up new sub-meters as well
as new cables. A main meter must be installed
to account for the overall power consumption
of the energy community (Figure 2).

» The most relevant model for an energy com-
munity's interaction with the collective supply
grid is to rent/lease or otherwise pay for the

use of part of the capacity on the local grid and

thus effectively operate with a ‘virtual’ net-
work to grid the installation of parallel grid.
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Figure 1- Principle of an existing electricity grid
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Figure 2 - Principle of the power grid in an energy community

Properties

* The Energy Community is responsible for set-
tling the energy consumption of the different
consumers.

* In a general network see Figure 1, electricity
meters and cables are owned by the utility. It
typically costs 600-800 DKK/year on subscrip-
tion. When establishing an energy community,
it can either create a comprehensive rental
scheme for the meters or buy existing meters
from the utility, so that consumers are set up
or do not have to pay for the subscription.

« Existing settlement measures may be taken
by the Energy Community in order to settle
the energy consumption through the transfer
of data from the network company. In new
buildings, an energy pool may choose to install
own new meters.

+ As shown in Figure, 3, an energy community
will be established across several (multiple)
buildings and even more local actors (home
companies, shops, municipal institutions and
small businesses).The energy community can
choose to exchange electricity through an own
grid, but it will have the effect of establishing
parallel electricity grids. More relevant will it
be that low agreement with the local network
company to lease/lease or otherwise make use
of the collective network, through the availa-
bility of a virtual part of the network. This will
allow existing smart meters to work together
as the data basis for the Energy Community.
Thus, a combination of key meters can be
worked out for some of the partners and for
others.

Electricity grid

-+

Main connection point C
(main fuse 1)

|

Main connection point
(main fuse 2)

I Energy community i
[==+] | Main paynent [==| Main payrjlent
~ | meter 1 ~ | meter 2
I ...... I R i
Microgrid
T T
= =
EN©N | (NER
Building 1 Building 2

Figure 3 - Outline of the electricity grid with multiple buildings in the Energy Community



ADVANTAGES

DISADVANTAGES

+ Renewable energy can be integrated and
distributed locally

- Costs of renting or buying meeters

+ This apens for improved flexibiity of the
energy grid

- Costs and management of services that even-
tually can by purchased from outside

+ Save grid-tarifs within the energy communi-
ties, while only paying for the actual ex-
change with the surrounding supply grid

- Demands a clear deal with the local energy
grid company about the payments for using
the common grid to avoid building parallell
microgrids

+ Improved utilization of the renewable elec-
tricity, as losses in the grid are saved

+ 0Own energy data can be used to smooth-
en loads, to identify energy savings and to
visualise consumption

+ Etablishing an energy community extends
the oportunities to exploit reneable energy
sources in the power grid and to reduce envi-
ronmental loads

INSTALLATION REQUIREMENTS

* The possible establishment of some key me-
ters for some partners in the Energy Commu-
nity

* The establishment of a common data manage-
ment based either on own meters or with the
data from intelligent meters leased from the
supplier company.

* The possible installation of local parallel
networks if use cannot be made of the use
and fair settlement for the end users of the
collectives,

« Cost allocators for common consumption (e.g.,
lift, laundry, outdoor lighting, and combinati-
on)

SOLAR PV CONNECTED
TO LOCAL CONSUMPTION

A photovaltaic installation can be installed on
the roof of building blocks to produce power
from solar energy. Power can be used in the
building/energy community or supplied to the
electricity grid. The area covered by solar panels
is typically 40 to 50 % of the roof area.
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ECONOMY
Typical yield Equipment costs Installation costs Cost of operation and
(excl. VAT) (excl. VAT) service (excl. VAT)
n.a. Difficult to estimate n.a. n.a.
Examples

 Kamstrup (meters)

Figure 4 - Conceptual design of a PV installation in a energy community




Technical description

* |t is necessary to clarify whether there are
specific local teams. The municipality may set
boundaries to install a photovoltaic installation
(1.

* Collect tag data to assess whether the roof is
to be renovated before installation [2].

* To study the energy needs of the building or
energy in order to assess the size of the plant
[2].

« Clarification of the electrical installations on
the land register as well as any special arran-
gements from local electricity grid business
[1]. When a photovoltaic installation is made,
a method of charging can be chosen in relation
to power generation. The Energy Agency’s
definition of guidelines by way of a method
of settlement [6]. An energy community can
establish its own virtual network and admin
the local payment for consumption.

* The solar panel modules should be securely
attached to the supporting structure in a way
that does not contain any leaks in the roof or
wall of the wall.

* Solar panels have a typical effect between 200
and 350 Wp [3].

* A typical size of a commercial solar installation
is between 50 and 500 kW and can be instal-
led in residential buildings, offices or public
buildings. In general, an installation has a size
factor of 1,1-1,2 in relation to the power require-
ments of the building, in order to take account
of the structural dimension of the building.

* A battery pack can also be used to store power
from electric grids during low-peak power
grids. This solution reduces the power needed
to power the electricity grid over peak load
periods.

 Transmission losses in the electricity grid are
lower as the current is locally used.

« Lifetime of a photovoltaic installation is expec-
ted between 25 and 30 years.

« Lifetime of a battery pack is expected to
depend on battery technology between 10 and
25 years.

* For a complete system, a system of manage-
ment must be installed as well as an inverter.

* The effect of inverters is important to define
the maximum power limit that can be de-
livered from the installation to consumers.
Inverters may be controlled by the operator of
the power network for balance and stabilisati-
0N purposes.

Figure 5 - Example of solar PV installation on a flat roof (orientation towards east/west)

MOUNTING

Solar panels work best when facing south. A
typical slope is between 15 and 45 degrees. As
both direct and diffuse light is used to generate
power, the information of the PPE modules is
not particularly important. It is also possible to
consider the installation of solar panels to the
north if the project’s economic performance we
see good. There is a variety of ways to establish
photovoltaic installations and solutions should

be calculated to safeguard the economy of the
project. On flat roofs, a frame must be installed
to support the required slope. Figure 6 shows
the relationship between the generation of elec-
tricity from the panels and their orientation.

The facility as shown in Figure 7 can optimize
power generation, but with risk of shadows
from panels in the first rows.
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Figure 6 - Diagram showing solar panels orientation for optimized production in Copenhagen [3]
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Figure 7 - Solar PV installation on flat roof tag turning south



Figure 8 shows another option where solar cells
are oriented towards east and west. The orien-
tation is not optimal, but several panels can be
installed and the risk of shadowing is lower.

On a gable roof one can directly install panels
on the surface, when orientation and slope are
good. In particular, solar panels may become
part of the roof construction where they are

Solar panels

L)

used instead of roof tiles. As they are integrat-
ed in the roof structure, there is a lower risk of
aesthetics complaints.

Some types of photovoltaics are to be
installed on a framework also on a straddle roof,
as they have one diode box on the reverse side.
This box requires ventilation to cool the compo-
nents when operating.

Mounting frames

West

Figure 8 - Solar PV installations on a flat roof turning east-west, with dubble orientation
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Figure 9 - To the left: Solar PV installation on slopy roof turning south (to the left)
To the right: Solar PV installation on slopy roof turning both east and west

Properties

A photovaltaic installation equipped with bat-
teries can be used to achieve energy flexibility
for the grid. The battery pack can be used to
store electricity when renewable energy sources
produce surplus electricity. The batteries can
save energy both from the photovoltaic and
the electricity grid, for example when there is a
surplus from the turbines.

The average annual solar means offset on
a horizontal surface in Denmark is 1046 + 33
kWh/m 2 years. Figure 10 shows the monthly
sum of global exposure on a horizontal surface
in Denmark. The figure shows both direct and
diffuse components.

A battery pack has to be considered when
a solar installation is installed. Batteries can
store current when the panels produce surplus
electricity.

Thanks to electricity storage, a solar cell can
cover around 70 % of the electricity needs in

a building. A battery packis used to impure
energy between hours up to a day. When the
phaotovoltaic installation produces, batteries can
store surplus production and afterwards they
can supply electricity in peak periods when the
electricity price is higher.

Figure 12 shows the battery capacity with a
reasonable increase in the level of self-consump-
tion, and where the increase in capacity yields
only minor improvements. Applicable to instal-
lations where the consumption is the same all
days [7].
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Figure 10 - Monthly sum of global solar radiation on a horizontal space in Copenhagen [3]
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Figure 11 - The graph shows an example of power production from a solar PV installation integrated with a battery pack
and the energy consumption in the winter term (simulated) [5]
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ADVANTAGES

DISADVANTAGES

+ Renewable energy

- Demands permission from the municipality
concerning visual impact (colour and reflec-
tions) and the roof constructions strenght

+ No noise and pollution in use

- High installation cost

+ Power production during day time when con-
sumption is highest

- A protection of a building or a declaration of a
building worthy of preservation can block the
installation of salar panels

+ Saolar PV panels can be reused

- Solar PV production: some thin film technal-
ogies contain small amounts of cadmium and
arsen

+ Low operations and service costs

- Risk of complaints about aestetics, especially
in cities

+ Batteries can be installed to store energy

+ Power grid balance and stabilisation

+ Smart-grid options

+ Solcellerne er leveres som moduler og de er

nemme at installere

INSTALLATION REQUIREMENTS

* Solar photovoltaic panels — mounting frame
* Inverter

* Electricity meter

« Connection to the electricity system

 Any batteries

Figure 12 - Technical "reasonable" battery capacity for hybrid installations [7]

ECONOMY
Typical yield Equipment costs Installation costs Cost of operation and
(excl. VAT) (excl. VAT) service (excl. VAT)
Solar PVs 110 | Approx. 3.800 DKK/ | Approx. 30-40% (proportion | Approx. 77 DKK/kWp/
kWp kWp to equipment) year
Battery pack Approx. 4.000-8.000 | Approx. 20-30% (proportion | Approx. 1-2% (of total
>50 kWh DKK/kWh to equipment) costs)

Danish prices in 2020




Examples

PROVIDERS

* Racell power systems
* Lithium Balance A/S

INSTALLATIONS

« Building blocks in the sacial housing sector
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LOCAL PV PRODUCTION
AND STORAGE FOR FLEXIBILITY

Power can be generated and stored locally to
achieve energy flexibility in the grid. A battery
pack is often established with a storage capacity
in kWh corresponding to the installed capacity
of PV installed in kWp. The simulation of the
battery and photovoltaic installations can be
carried out with a simulation program, e.g. “PV-
Bat" A battery pack can be found in different
sizes as prefabricated units (20-300 kW). The
size of the battery pack depends on the econo-

Technical description

» Power generation can be carried out locally by
installing a photovoltaic installation on a roof
on housing, public buildings or offices.

» The most used batteries are lead batteries,
nickel metal hydride and lithium ion batteries.
Lithium ion batteries guarantees the highest
efficiency in the charging and discharging
process.

* The lifetime of a photovoltaic installation is
expected between 25 and 30 years, while the
life span of a battery pack is expected bet-
ween 10 and 20 years (depending on battery
technology).

« Electricity generation from a solar installa-
tion shall only be used to cover local energy
needs and if the installation produces surplus
electricity, a battery pack can be used to store
it. In this case the power has been used to
reduce peak electricity demand during high
peak periods. Thanks to electricity storage, a
photovoltaic installation may cover about 70 %
of the power supply in a building.

my and building needs. It can be used to cover
building needs during peak load periods when
the electricity price is higher.

« Local production

* Photovoltaic

* Energy storage

* Flexibility

* Battery pack

« Electricity generation

* A study showed that a battery pack can be
installed in an apartment block and by consi-
dering a capacity of 0,8-1.3 kW per apartment
it is possible to reduce peak load to 40 % [2].

* The study was carried out in blocks of flats
with 18, 27 and 36 apartments. With collective
meters, the payback period of the battery is
5-7 years [2].

* It is recommended not to locate battery instal-
lations in living spaces (e.g. indoor, kitchen,
rooms). If the position is indoors, it may be, for
example, the storage room, a technics room
or the like, which are normally shielded from
other spaces. Placing in garages, shacks or
similar is preferable with regard to safety [3].



» Temperature and humidity shall be considered
in relation to the location of battery instal-
lations, as battery life deteriorates by very
high and low temperatures. Batteries are best
placed at about 20 °C and already at 30 °C

can be seen a reduced lifetime. Batteries are
also poorly functioning at low temperatures
(typically < 5 °C). Installations should not be
made in places with high relative humidity due
to risks of condensation and corrosion [3].
Battery installations are typically very heavy
and their assembly has to be considered in
this and as well as curtains. In particular, it is
important to consider whether the floor can be
used to limit the weight to which it is exposed.
Remember also to respect the manufacturer’s
recommendations for distance (air) around

the unit and ventilation apertures, as well as
access to servicing the plant [3].

It is recommended that battery enclosures are
not placed in smaller spaces where its operati-
on can lead to significant temperature increa-
ses with reduced efficiency and durability [3].
Natural fans are recommended for the battery
installation. This can be directly from the

battery-box to freely placed and free of charge.

Ventilation should be carried out to remove
any gases if a fault situation is to occur [3].

Solar PV installation
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« Indoors, it is not recommended to place
installations larger than 30 kWh. In garages,
shelters, carports and the like, facilities can be
located 100 kWh or mare with the permission
of the local fire authority. Free standing out-
doors may be placed in a substantially larger
battery plant [3].

The battery of a battery connected to the
electricity grid shall comply with the require-
ments of Technical Regulation 3.3.1 for battery
installations. All the plants on the positive list
of batteries (administered by Dansk Energi)
comply with TF 3.3.1 (for installations up to 50
kW) [3]. You can find the list at: https: //www.
danskenergi.dk/vejledning/nettilslutning/
positivlister

DC cables between batteries and inverters
should be kept as short as possible and should
be kept very closely (preferably lightly twisted)
in order to minimize fat losses and electro-
magnetic noise. Therefore, it is famed that
batteries are placed in the immediate vicinity
of inverters and that cables are not drawn
across space and, moreover, be placed in a
position of short circuit continuity [3].

Inverter

Main meter

...... El ---------r%Building needs
N

Power grid

Properties

Figure 14 shows a simplified consumption pro-
file where a photovoltaic installation, in conjunc-
tion with a battery pack, can help to reduce peak
load in a building. As shown, the battery pack
can be used to store energy during the night

Power (kW)

cheap off pcak cnergy

free solar cnergy

when energy needs are low as well as the price
of electricity. During the day, solar cell facilities
can cover power needs and the surplus can be
stored in the battery pack. At night, the battery
may deliver the peak current in the peak load

24:00 6:00 12:00

Hour of the day

Figure 14 - Graph showing the interconnection between a solar PV installation and a battery pack [4]
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Figure 13 - Outline of an installation providing the local generation of electricity and energy storage.

Figure 15 - Graph showing the ratio of power output from a photovoltaic installation integrated

with a battery pack and energy use during winter (simulated) [4]



period. In this way capacity can be reduced from
the grid and achieve a higher energy flexibility
from the integration of the photovoltaic instal-
lations. Figure 15 and Figure 16 show an example
of the consumption profile simulated to show
power consumption displacement with a photo-
voltaic and a battery pack. Batteries are mainly-
being placed in storage and displacement within
the 24/7 service, due to the relatively high price
and shorter lifespan.

Maoreover, batteries are best used in connection
with photovaoltaic installations which only pro-
duce today and research into energy.

Figure 17 shows the battery capacity with
a reasonable increase in the level of self-con-
sumption, and where the increase in capacity
yields anly minor improvements. Applicable
to installations where the consumption is the
same all days [5].
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Figure 16 - Graph showing the ratio of power output from a photovoltaic installation integrated
with a battery pack and energy use during summer (simulated) [4]
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ADVANTAGES

DISADVANTAGES

+ Integration of renewable energy

- High costs of installation

+ Smart-grid options

- Battery production uses materials that are
dangerous for people and pollutes the envi-
ronment. In addition these materials originate
from countries with a high geopolitical risk
potential

+ Load shifting of power consumption

- Battery production uses matereials that are
have limited availability

+ Solar PV panels can be reused

- Reuse processes of materials from batteries
pollute the environment

+ Lov costs of operation and service

- Solar PV production: som thin film technolo-
gies contain small amounts of cadmium and
arsen

+ Salar PV panels are provided in modules easy
toinstall

+ Batteripakken kan benyttes til elnets balance
og stabilisering

INSTALLATION REQUIREMENTS

» Photovoltaic
* Battery pack

» Meters
* Inverter
ECONOMY
Typical yield Equipment costs Installation costs Lifetime
(excl. VAT) (excl. VAT)
Indoor battery pack 400 V 366.000-1.294.000 20-30% (proportion of | 10-20 years
69-342 kWh DKK* equipments costs)
30-240 kW
Outdoor battery pack 400 V 590.000-1.707.000 20-30% (proportion of | 10-20 years
69-342 kWh DKK* equipments costs)
30-240 kW

Figure 17 - Technical "sensible" battery capacity for a hybrid installation [5]

Danish prices in 2020
*The price depends on the size of the battery




Examples

« Lithium Balance A/S (provider)
* Smart Building Energy Hub
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HEAT PUMPS WITH LOCAL ENERGY SOURCES

- GENERAL INFORMATION

A heat pump exploits heat from different
sources to provide heat to space heating and
domestic hot water production. It consists of a
heat sink system, a heat pump and a heating
system.

Heat can be taken from the soil, the air, the
roof or water. This requires the installation of
a specific heat provider system to use the heat
from the different sources.

« Soil heat installations

* Air based installation

* Roof installations

* Sea- and lake installations
» Heat pump

* Heating of space

» Domestic hot water

Ground installation - horizontal. Source: https: //
jamesprovost.com/portfolio/geothermal-heat-pump

Ground installation - vertical. Source: https://
phpdonline.co.uk/features/ground-source-heat-pump-
flats/
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Technical description

Figure 18 shows a schematic drawing of a heat-
ing capacity. Circuit (1) is the heat sink system
which records heat from the source. The circuit
normally consists of hoses where brine is circu-
lating, i.e. water to which anti-freezing agent
is added. In an air system, it is not used for the
hose, but the air is directly circulating through
the evaporator.

Circuit (2) is the heat pump itself, where a
refrigerant is circulated.

Circuit (3) is the heating system of the house
where water is circulating. The heat pump
equipment is supplied with heating to produce
hot water and space heating.

The efficiency of the heat pump is defined
by the COP value, which indicates the ratio
between the heat produced and the amount of

electricity used to produce the heat.
Figure 19 shows CQP values for an air-based
heating pump and a ground heat pump relative
to the temperatures in a normal year at an out-
put temperature of 55 °C.

A heat pump can be used in interaction with
district heating. The next two figures show
the expected heat pump CQP in relation to the
temperature of the heat source and the district
heating temperature. In a low temperature net-
waork, a heat pump can reach a higher COP.

Heat pump )
Heat collector Heating
« 4 & Compressor « A
. .
m
> é >
<
> s} "
> % >
- 2
+ox Expansion valve Koy oA
Circuit (1) Circuit (2) Circuit (3)

Figure 18 - Outline of a heat pump system
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Figure 19 - Calculated COP per hour in relation to temperatures in a normal year at an output temperature of 55°C
[Source: Danish Energy Agency]

District heating water is heated from 30”to 60”C
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Figure 20 - Expected COP as a function of the heat source temperature [1]

District heating water is heated from 40”to 80°C
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Figure 21 - Expected COP as a function of the heat source temperature [1]
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Figure 22 - Duration curve for a settlement with a heat pump (grey area)

Figure 22 shows a typical variation curve for a
building where a heat pump is used to provide
heat in interaction with multiple heat. As a
general rule, the power needs of the heat pump
are approximately 25 %.

The installation of a heat pump is to the
extent that the electricity costs are low in rela-
tion to multiple heat prices. Ideally, the heating
cushion can be used for a full year, covering
between 50 % and 70 % of the heat demand, as
shown in Figure 22.

However, the price of electricity is high and
one must consider installing a photovoltaic in-

stallation to drive the heat pump. If the installa-
tion is equipped with a battery pack, a period of
around 5500 hours per year (since the solar cells
installation do not generate electricity in winter)
may be run for a period of around hours per year.
The rest of the hours are cheaper to use multi-
ple heat in order to supply the heat needed.

If a battery pack is not installed, it can be
expected that the heat pump is powered by the
solar cell at about 2250 hours, as the facility
cannot generate current at night.



Properties

Radiators/floor heating

A water-based space heater system must be
connected to a heat pump, i.e. either radiators
or floor heating radiators. Due to the lower
inlet temperature of heat pumps, the radiators
should often be larger than originally for the
optimal functioning of the heat pump, other-
wise lower temperature heating radiators may
be installed as they optimize the heat transfer.
Floor heating is also ideal for heat pumps, but
more expensive [2].

Domestic hot water

A heat pump may provide heat to hot water. A
buffer tank may be installed for domestic hot
water. This could reduce the need for additional
electricity heaters, tapping into the hot water

References

storage tank and making the operation of the
heat pump more energy efficient [2].

Electric boiler

The heat pump system often has an embedded
electric boiler, which can reduce the efficiency
of the heat pump. In those situations, the heat
pump will have a higher electricity consumption
than usual. It will typically be in the coldest days
or when more domestic hot water is used than
normal [2].

Installation needs, economy and costs and dis-

advantages of individual heat pump technology
are being developed in the next chapters where
each technology is treated.

[1] The Danish Energy Agency and Green Energy.2017 Playbook for large heat pump projects in the
multi-heat system- met. Available online: https: //ens.dk/sites/ens.dk/files/Varme/drejebog for_

store_varmepumper.pdf

[2] Danish Energy Agency. Facts about heat pumps. Available online: https: //sparenergi.dk/
forbruger/ varme/varmepumpe/fakta-om-varmepumper

4 HEAT PUMPS WITH LOCAL ENERGY SOURCES

- SOURCE: GEOTHERMAL

A geothermal heating system uses heat from
the ground to provide heat for space heating
and hot water production. It consists of a heat
sink system in the soil, a heat pump and a
heating system. Heat hoses of the system can
be positioned horizontally or vertically in the
ground when a froze fluid is used to absorb heat
from the ground [1]. In an urban context with
access to open land, an installation with vertical
energy concerns is of particular interest. A typi-
cal plant size is 50-250 kW.

* Geothermal

» Heat pumps

* Space heating

» Domestic hot water;
* Boreholes

As shown in Figure 23 and Figure 24, which
are twao types of geothermal systems. Heat
recording system for the addition of horizontal
or vertical tubes. The main characteristics are
shown in the following sections.

Figure 23 - Ground heating system with horizontal hea-
ting hoses. Saurce: https: //jamesprovost.com/portfolio/
geothermal-heat.pump

Figure 24 - Installation of the heating of the drilling
Source: https: //phpdonline.co.uk/features/ground-
source-heat-pump-flats/



Technical description
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Figure 25 - Qutline of a geothermal heating system (figure from IVT Natural heat) [1]

« Circuit (1) is the soil applications which capture
heat from the environment. In this circuit
there is a brine, which is water which has been
added an anti-freezing agent. As shown in
Figure 23 and Figure 24, the soil hoses may

HORIZONTAL FACILITIES

« Typically, pipes can be positioned between 0,9-
1,2 meter into the ground (but with @ minimum
of 0.6 m of soil cover).

* The distance requirements from others’ water
supplies and their own drilling or well must be
50 meter (and at least 5 m from another heat
pump) [1] [3].

* Stopping distance shall be at least 0.9 m.

« Distance from neighbors: min 0.60 m

* The distance from other water or sewage pipes
shall be at least 1 m, otherwise the soil hose
must be isolated.

* The distance to the building shall be at least
1.5 m otherwise the soil hose must be isolated.

* Bending radius shall be 20 x exterior diameter.

preferably be placed vertically or horizontally.
« Circuit (2) is the heat pump itself, where a
refrigerant is circulated.
« Circuit (3) is the heating system of the house
where water is circulating [1].

* The pressure in the brine circuit is normally
between 150 and 350 kPa (absolute pressure).

* Freezing agent: usually, propylene glycol and
IPA sprit are used (technical sprit).

* Itis usually placed one pipe at a time by a
chain-excavator.

* It requires between 2-3.5 m 2 ground area for
each m 2 housing.

* Heat absorption is typically 20-25 W/min
average (in wet soil f. e.g. sand and lower in
clay).

* The heat uptake (and performance) is distribut-
ed over the seasons and if it is used over 2500-
3000 hours, it should be possible to regenerate
the soil by adding heat during the summer.
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--------- Water- or sewerpipe
Main connection
--------------- Space for distribution pipes
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Figure 26 - Plan for locating ground hoses for horizontal installations [5]

VERTICAL PLANTS
(EARTH HEAT DRILLINGS)

* Deep geothermal plant with one or more
drillings carried out with drilling equipment,
and buried installations in which the deepest
part of the installation goes deeper than 5 m
in underground [3].

* The distance requirements to others' water
supply and their own drilling or well: 300 m
(and at least 50 m from other heat pump
facilities) [1] [3].

« Energy collector can be performed as single
U-tubes, a double U-tubes or concentric pipes
(double U-tube has the highest yield).

* Heat absorption is typically 30-45 W/m
(depending on soil types). If the installation is
also used to provide (direct/indirect) cooling in
the summer, heat uptake can be increased up
to 60-70 W/m in winter.

* Distance between drillings: min. 5 m for short
drillings or typically 6-7 m for long drillings.

* Drillings are usually set at between 40 m and
200 m depths. Drillings more than 250 meters
deep may require permission under the Under-
ground Resources Exploitation Act, which can
be clarified in the individual case by contacting
the Danish Energy Agency [1].



* In loose deposits, it is necessary to use the drill
or belt assembly in order to keep the borehole
open during the drilling work [1]. In the first
part of drilling, a liner is put in place.

« Sealing surface drilling is most convenient-
ly mad by casting from the bottom with an
appropriate bentonite/cement suspension.
The heat transmission of bentonite is general-
ly low and the sealing of the heat hoses may
therefore act as an insulator impairing the
heat collection. Quartz sand may be added to
improve the heat transmission. The method
reguires the pressure strength of the ground
heat pipes, which must not collapse due to the
pressure during filling [1].

« To avoid the collapse of the soil heating pipes,
they must be filled with liquid (water) before
lowered into the well. If there is water in the
hole, the pressure will increase 1 bar every 10
m. Consequently, the external pressure may be
up to 20 barin a 200 m hole.

« In order to avoid problems with soil contamina-
tion, the soil must be tested to check whether
it is dense. They must be tested with water
first, and if they are dense and pressure tested,
you can start filling with anti-freezing agents.

TENANT BUILDINGS
- INSTALLATION SIZE

» Heat pump power: normal > 15 kW

* Buffer tanks/hot water tanks are often carried
out as modules of 800-1000 liter

* Requirements for the temperature in the con-
tainer for sanitary water 55 °C.

» Hot water temperatures must be raised to 60
°Cin order to limit the risk of legionella conta-
mination in the container.

Pump hose

U-tubes in PE100

Distance keeper

Factory welded
collector foot

Installation weight

Figure 27 - Principle drawing of heat-drilling (from Rotek

A/S) [1]. Energy collectors are made as double U-tubes.

All heat pumps with more than 1kg refrigerant
must be inspected at least once a year. In the
case of refrigeration equipment and heat pumps,
inspection and maintenance shall be carried out
by a person who has been given the necessary
instructions and exercises on inspection and
maintenance, etc. of the type of installation
concerned. In the case of facilities with more
than 2.5 kg of refrigerant, the annual inspection
shall be carried out by a certified technician from
a registered refrigerating firm [2].

Properties

INSTALLATION REQUIREMENTS

* A permission is needed from the municipality
using a standard form

* Check to distance to other fixtures and fittings
in the soil

The soil-based heating installation must be

tight and provided with [3]:

A pressure monitoring system.

» An alarm and a safety device which in the
event of a leak in the heating system stops
the installation and a protocol of the supply of
glycol must be made.

Outdoor part:
* Hoses shall be connected to the indoor part

Indoor part:

* The heat pump must be connected to the
electrical system

* The heat pump must be connected to the heat
hoses

* The heat pump must be connected to heating
system

Drilled holes:

* Drilled holes must be regenerated. They can be
used for direct cooling and for storing waste
heat.

ADVANTAGES

DISADVANTAGES

+ Renewable energy

- Demands permission from the municipality

+ Can provide energy for heating as well as for
domestic hot water

- Soil contamination (in case of leakage)

+ Higher efficiency that air to water heatpump
installations

HORISONTAL INSTALLATIONS

HORISONTAL INSTALLATION

+ Cheaper than vertical installations

- Horisantal installations demands a large area
which is difficult to find in a dense city

VERTICAL INSTALLATION

VERTICAL INSTALLATION

+ Demands less area

- Deep installations are more expensive than
horisontal installations

+ High temperature [6]

- Risk of ground water contamination (is not
allowed to shortcut primary or secondary
reservoirs)

- Risiko af med jordvarmeslangers kallaps pa
grund af trykket ved opfyldning eller kollaps
som fglge af sten i hullet




ECONOMY

Typical yield

Equipment costs
(excl. VAT)

Installation costs
(excl. VAT)

Cost of operation and ser-
vice (excl. VAT)

Horisontal instal-
lations

400 kW* 1111.600 DKK* 741.000 DKK* Fixed: 12.300 DKK/ar*
Variable: 3,5 DKK/MWh*
160 kWw** 331100 DKK** 331100 DKK** Fixed: 12.300 DKK/year**

Variable: 3,5 DKK/MWh**

Vertical installa-
tions

DKK**

DKK**

400 kw* Approx. 2.220.000 Approx. 1.400.000 Fixed: 12.300 DKK/year*
DKK* DKK* Variable: 3,5 DKK/MWh*
160 kW** Approx. 660.000 Approx. 660.000 Fixed: 12.300 DKK/year**

Variable: 3,5 DKK/MWh**

Danish prices in 2020

In the Technology Catalogue concering individual heating the following directional data is included. The figures refer to
a building with about 110 smaller apartments. The price level per installed kW can also be used for a larger installation
serving buildings of 450 flats.
* data for an existing building: Area: 8.000 m. 2, heat consumption: 960 MWh/year, peak load (heat): 400 kW
** data for a new building: Area: 8.000 m. 2, heat consumption: 320 MWh/year, peak load (heat): 160 kW

Suppliers

- DVI

» Thermia

» Thermonova
 \VViessmann
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4 HEAT PUMPS WITH LOCAL ENERGY SOURCES
- SOURCE: LAKE/SEA WATER

A heat pump facility may use sea or sea water
as a source to provide heat to space heating

or domestic hot water production. The system
waorks, like a geothermal heating system, but
the hose is located on the sea or sea bed. Al-
ternatively, it is possible to pump the sea water
easily through an alternate in order to gain heat.

A typical size from 50 kW (hoses) to 2 MW (with
sea water intake).

« Lake/sea water heating
» Heat pumps

* Space heating

» Domestic hot water;

Figure 28 - Lake or sea water installations with hoses placed at the bottom.
Source: https: //jamesprovost.com/portfolio/geothermal-heat-pump
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Figure 29 - Outline of a lake- or seawater installation with intake of water

Figure 30 - Outline of a lake- or seawater installation with intake through hoses on the lake/sea bed

Technical description

* All heat pumps with more than 1 kg refri-
gerant must be inspected at least once a year.
Maintenance and servicing of the cooling
equipment and heat pumps shall be carried
out by a person in possession of the neces-
sary instructions, servicing and maintenance
exercises. In the case of plants with a more
than 2.5 kg of refrigerant, the annual inspecti-
on shall be carried out by a certified technician
from a registered refrigeration firm [5].

* The hoses placed on the lake/sea bed must be
resistant to rust and tear (plastic or stainless
steel) and must be robust.

« The hoses must be attached (fixed) to the lake
or seabed.



SEA WATER FACILITIES

* Due to low seawater temperatures in winter
(especially in the Baltic Sea), a traditional plate
heat exchanger can quickly freeze. Several
installations with drizzling evaporators can be

installed which allow a certain freezing of ice [1].

« If there is a possibility of low water intakes
from more than one depth, this can be exploi-
ted. The heat pump can use hot surface water
in the summer time, and to switch to water
from greater depth in winter when there is a
risk of icing [1].

* The seawater must be analyzed to allow for
the selection of the right grain resistant ma-
terials [1].

« Itis important to identify flow conditions,
temperatures, flora and fauna so that the
most appropriate location for water intake can
be found [1].

LAKE WATER FACILITIES

* Usually fresh water is allowed to cool to 2° C
before it is passed back to the water system [1].

* A static lake holds the temperature throughout
the year. From the early spring, it will be possi-
ble to develop monolayer sharing where the top
water is heated by the sun and the air tempe-
rature, while the lower water of the lake only in
a very limited extent alters temperature. Water
item temperature could change from 17-18° Cin
early autumn to 4° Cin early spring [1]

TENANT BUILDINGS
- INSTALLATION SIZE:

» Heat pump power: normal > 15 kW

* Buffer tanks/hot water tanks are often carried
out as modules of 800-1000 I.

* Requirements for the temperature in the con-
tainer for sanitary water 55 °C.

« Biofouling mainly consists of mussels, acorns/
sea-tulips and algae, and it should be ensured
that it is not possible to establish a grip as this
will both result in lower efficiency and increase
in the grain. Biofouling may be prevented or
varied by means of filtration, regular treat-
ment, use of chemistry, high flow rates or
any periodic warming of the surfaces to high
temperatures [1].

* The installation may be equipped with two
alternative heat exchangers, so that one can
be cleaned. Due to animals, seaweed, garbage
and other things in water the efficiency of the
heat exchanger quickly. If the installation has
only one heat exchanger, cleaning operations
will pause the operations.

« It is important to have specific measurements
of temperature variations in the lake over the
wine year to assess the temperature of the lake
in relation to the heat pump operating period
from November to April [1].

» Another important element is to highlight the
impact of cold water on the lake’s flora and
faunain the calculations of water volumes and
temperature differences [1].

» The water temperature must be raised to
60 °C to limit the risk of Legionella in the
container.

Properties

* The plants using seawater as heat source
are usually installed in large buildings where
they are used for heat production in decentral
district heating plants.

* The installation can be turned and also be used
for caoling in summer (including free cooling in
spring and autumn).

INSTALLATION REQUIREMENTS

* Heat hoses/pump connections

» Heat pump connection

« Connection to multiple heat networks or buil-
dings (space heating and sanitary);

* Pipe connection to seawater with filter facili-
ties

ADVANTAGES

DISADVANTAGES

+ Renewable energy

- Demands permission from the municipality
concerning environmental aspects (tem-
perature, nature conservation and eventual
pollution)

+ Acessible to a great extend in larger Danish
cities often located close to water

- Permission from harbour or water authorities

+ A sea based installation is cheap and easy to
build

- The water intake must be placed at a certain
deepth to avoid problems with icing in the
coldest periods

+ Large facilities (sea water)

- Bio growth in heat exchangers and other com-
ponents demand frequent cleaning

+ The case handling by authorities is much
easier than in cases involving sweat water

- Pallution in case of leakage

+ Utitlies have experience with sea water ex-
change from steam condensators

- Moving pollution from one locality to another

- When using sea water the area must be big
enough to limit the influence on teperatures




ENVIRONMENTAL ASPECTS

The EIA Order

The project must be screened for the EIA obli-
gations, as a heat pump would be covered by
paragraph 3 of Annex 2 to the decision, energy
industry (a) Industrial installations for the pro-
duction of electricity, steam and hot water. Pos-
sibly also of Annex 2,10 concerning Infrastruc-
ture projects (a) Construction works in industrial
areas for industrial purposes, (f) Construction
of waterways not covered by Annex 1, channel
construction and management of water courses
or (j) Construction of long-distance water lines.

Environmental Protection Act

If the project is covered by Annex 2 of the

order on approval (from 2017), list point G 201

on power generating plants, heat generators,
gas turbine installations and engines with a
total thermal input between 5 and 50 MW, the
project may need to have an environmental
permit in accordance with Chapter 5 of the
Environmental Protection Act. If the installa-
tion is environmentally approved, discharge of
water to the recipient is controlled as part of the
environmental permit. If the installation is not
subject to environmental approval, a discharge
for discharge shall be made in accordance with
Section 28 of Chapter 4 of the Environmental
Protection Act, as return water will normally

be treated as waste water. In addition, other
elements such as noise, extraction requirements
from ammonia, etc. will be included in the envi-
ronmental permit.

Water shed management plans

It must be ensured that any industrial heat ex-
ploitation does not conflict with the target sets
for groundwater and surface water systems.

The Nature Conservation Act

If a lake over 100 m 2 or a water course is used
as a heat source, or if areas protected by Section
3 are otherwise affected, the project must have
a derogation under Section 3 of the Nature
Conservation Act (NCA) (Nature Conservation
Act, 2017). In addition, there may be legislation
and regulations linked to areas that need to be
taken into account by concrete plans for the
establishment of an installation.

The Habitats Order

If the project is likely to affect a Natura 2000
area, an initial essential assessment or an
impact assessment must be made according to
the rules laid down in the Habitats Order (the
Habitats Order, 2016).

ECONOMY
Typical yield Equipment costs Installation costs Cost of operation and ser-
(excl. VAT) (excl. VAT) vice (excl. VAT)
- kWw* - DKK* - DKK* Fixed: - DKK/year*
Variable: - DKK/MWh*

* Individual specifics: the installation costs are dependent of a number of factors and specific demands.

Examples

SUPPLIERS

« Johnson Controls (supplier)

« Aarhus @ (installations)

« AVC South port (installations)
« Home shop (installations)
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4 HEAT PUMPS WITH LOCAL ENERGY SOURCES

- SOURCE: AIR

An air-to-water heat pump installation collects
energy from the outdoor air and delivers it to a
water-based heating system. It can be used for
both space heating and the production of do-
mestic hot water. Often it will be complemented
with a electric boiler to supply heat in peak load
periods. The heat pump will be build in modules
of 10 to 250 kW.

* Air-to-water heating installations
* Heat pump

* Space heating

» Domestic hot water

Figure 31 - the outdoor part of an air-to-water heat pump.
The unit can be build as cascades to ensure larger effect.
Source: https://dansk-energi-center.dk/varmepumper/
store-varmepumper
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Figure 32 - Outline of an air-to-water heat pump

Technical description

AIR-WATER
HEAT PUMP

« All heat pumps with more than 1kg of refri-
gerant must be inspected at least once a year.
The inspection and maintenance, etc. of the
refrigeration equipment and heat pumps must
be carried out by a person who has been given
the necessary instructions, inspection and ser-
vicing exercises. In the case of plants with more
than 2.5 kg of refrigerant, the annual inspecti-
on shall be carried out by a certified technician
from a registered refrigeration firm [3].
Avoid to enclose the heat pump: The heat
pump produces heat by ‘taking’ it from the
outside air. Therefore, it is essential for the
performance of the heat pump that it is not
enclosed. First, it must be able to absorb air
without hindrance - it does so on the reverse
side. Secondly, it must be capable of returning
the air - it does so on the front side. If the heat
pump is too enclosed the flow of air will be
prevented and the pump will provide less [1].
+ Qutdoor air/water installation should only
be erected where noise does not give rise to
problems [4]. Proposal: 5-10 m proximity from
neighbors, otherwise noise protection shields
must be installed.
* The outdoor part may be installed on a flat
roof in order to avoid noise problems.

Properties

ENERGY FLEXIBILITY

The COP of heat pumps decreases in cold pe-
riods and decreases in energy flexibility. In the
others periods may use the heating capacity of

TENANT BUILDINGS
- INSTALLATION SIZE

 Heat pump power: normal > 15 kW

« Buffer tanks/hot water tanks are often carried
out as modules of 800-1000 liter.

» Requirements for the temperature in the wa-
ter heater shall keep 55° C (up to 60-65° C (to
avoid Legionella formation).

SPACE FOR AIR INTAKE

« An air heat pump requires an air surface area
of approximately 0.2 m2/kW.

* The outdoor part can be placed on the roof
when there is space for the installation and
the roof can carry the weight.

* In the case of large-scale installations, there is
also the possibility of installations at ground
level where a platform is built for the outdoor
part. The installation should consider a system
for the removal of water/ice from the exchan-
ger and ends on the ground.

 Hot water temperature shall be raised to 60° C
to limit the risk of Legionella contamination of
the container.

the building to store heat. This means that the
heat pump can be switched off for a few hours.



ADVANTACGES

DISADVANTAGES

+ Renewable energy

- Effectiveness varies in relation to the outdoor
temperature

+ Does not demand a permission from the mu-
nicipality but must comply with the construc-
tion codes

- Lover effectiveness than a soil based heat
pump

+ Can provide heat for space heating and for
domestic hot water

- Risk of complaints due to the noise level

+ Cheaper than a soil based heat pump

- May require an upgrade of the power grid

INSTALLATION REQUIREMENTS

« Eventual installation requirements may be set
by the municipality (distance from neighbors
due to noise)

ECONOMY
Typical yield Equipment costs Installation costs Cost of operation and ser-
(excl. VAT) (excl. VAT) vice (excl. VAT)
400 kw* 734.300 DKK* 314.700 DKK* Fixed: 12.300 DKK/year*
Variable: 3,5 DKK/MWh*
160 kW** 317.000 DKK** 211.300 DKK** Fixed: 12.300 DKK/year**
Variable: 3,5 DKK/MWh**

Danish prices in 2020

In the Technology Catalogue concerning individual heating installations the following directional data are provided. The
number concerns a building with approx. 110 smaller appartments. The price level per installed kW may also be used for

larger installations, than comprise of 450 appartments.

* Data for an existing building: Space: 8.000 m2, Heat consumption: 960 MWh/year, Peak load (heat): 400 kW
** Data for a new building: Space: 8.000 m2, Heat consumption: 320 MWh/year, Peak load (heat): 160 kW

Examples

SUPPLIERS INSTALLATIONS

« DVI Often found on smaller buildings in the
* Thermia country side.

» Thermonova

* Viessmann

 Vglund

* Nibe

References
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store_varmepumper.pdf



4 HEAT PUMPS WITH LOCAL ENERGY SOURCES
- SOURCE: ROOF SURFACES

A roof panel makes use of heat from the surface

of the tags. The heat hose shall be placed on
the surface of the tags and take energy from
the environment. The hoses are connected to a
heat pump providing heating for space heating
and domestic hot water. Typical size is 15-40 kW
(roof area 400-1000 m?).

* Roof construction

* Heat pumps

* Space heating

» Domestic hot water;
* Solar collector
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Figur 34 - Roof construction for installation. Sections of the roof and outline of the heat pump installation plan [2].

Technical description

ROOF INSTALLATIONS

« All heat pumps with a refrigerant load greater
than 1kg must be inspected at least once a
year. Maintenance and servicing of the cooling
equipment and heat pumps shall be carried
out by a person in possession of the necessary
instructions, servicing and maintenance exer-
cises. In the case of plants with a load greater
than 2.5 kg of refrigerant, the annual inspecti-
on shall be carried out by a certified mon from
a recognized refrigeration firm [5].

The site is most suitable for flat roofs, as it is
easier to install.

In the case of a straddle roof, it shall not be
required to take any roof on the south. The
hose transfers most heat when it rains and is
windy because the air/rainwater is continuous-
ly replaced and the heat energy is constantly
transferred to the roof [1]. The installation also
tales up energy from the sun, and some heat
lost from the roof of the building.

The plant imposes significant requirements on
insulation of the building and a vapor blockage
which implies the involvement of professionals
[1]. As heat receivers are placed on top of an
insulation layer the heat capacity is low. The
objective of the installation is to take heat
from the environment.

In multi storage building, the area of the roof
may not be sufficient to deliver the entire
energy consumption of the building. In this
case another source must be added to the hea-
ting system.

On average, there will be 170 hours per year,
where it is too cold for the installation to

heat the building up. there is a need to have
another heating option. For example, a small
geothermal or an electric thermal boiler [1].

« To be renovated when installing the attach-
ment and strengthening it in order to carry the
mass of the equipment.

* Heat absorption is typically 25-33 W/m2 [2].

* The annual efficiency of the COP is approxima-
tely 3.9 [2].

* Uncertainty about performance due to outdoor
temperatures, solar radiation and wind.

TENANT BUILDINGS
- INSTALLATION SIZE

» Heat pump power: normal > 15 kW

« Buffer tanks/hot water tanks are often carried
out as modules of 800-1000 liter.

» Requirements for the temperature in the wa-
ter heater shall keep 55° C (up to 60-65° C for
Legionella disinfection).



Properties

Electric boiler

The heat pump system often has an embedded
electricity boiler than is turned on when the heat
pump cannot provide enough heat. In those sit-
uations, the heat pump will have a higher elec-
tricity consumption than usual. It will typically
be in the coldest days or when more domestic
hot water is used than normal [6].

Alternative solution

As an alternative solution, an installation using
thermal energy catching panels can be mounted
on the roof. This solution does not integrate the
hoses in the roof structure [4].

ECONOMY

Typical yield Equipment costs Installation costs Cost of operation and
(excl. VAT) (excl. VAT) service (excl. VAT)

160 kW* Heat pump: Approx. 350.000 DKK* | Approx. 1%*
Approx. 750,000 DKK*
Energy collector roof
(approx. 4000 m2):
Approx. 1,000,000 DKK*

ADVANTAGES

DISADVANTAGES

+ Renewable energy

- May demand an upgrade of the power grid

+ Can provide heat for space heating and for
domestic hot water

- The roof must be renovated

+ Higher efficiency that air-to-water heat
pumps

- Installations on the roof can reduce heat
absorption potential

+ Does not demand permission from the mu-
nicipality

- Solar PV or solar heat can not be installed

INSTALLATION REQUIREMENTS

Outdoor part
* Heat hoses must be connected to
the indoor part

Indoor part

* The heat pump must be connected to the
electricity system and the heat hoses

* The heat pump must be connected to the
heating system

Danish prices in 2020

The following directional data are provided in the Technology Catalogue for individual heating systems. The figures refer
to a property with about 110 smaller apartments. The price level per installed kW can also be used for a larger installation
serving buildings with 450 flats.

*data for a new building: Area: 8.000 m. 2, heat consumption: 320 MWh/year, peak load (heat): 160 kW

Examples

SUPPLIERS INSTALLATIONS

* Icopal Danmark A/S » Assens Kommune energitag
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BUFFER HEAT TANKS FOR
SMOOTHING PEAK LOADS

Heat can be stored during periods of low energy
needs and then used during peak load periods.
The walls of the buildings and the heating
system can in themselves store heat for up

to several hours, a characteristic which can be
taken into account in heat system.

In addition, heat may be stored in a container
in the form of hot water or in the buildings and
their facilities for space heating, where the heat
capacity is expected to be between a few hours
to a day. The hot water storage tank is typically
800 to 2500 liters, and can be combined with
heavy cantainers. Buffer tanks shall typically
be operated from more than one container of
modules of 100 to 1000 liter per module.

Thermal solar panel

Heat pump .

O |-eeeee >

Electric boiler § ===== o .
Distric heating

In order to obtain longer storage periods, a
pond heat storage can be built or alternatively
a large accumulation tank can be established. A
common size of a pond heat storage is between
50 m?and 100.000 m?. Large pond storages fa-
cilities have been built (approximately 200.000
m?) in Denmark and explorations have made
for larger pond storages (up to 600.000 m?). A
large storage tank may be 500-5.000 m?3 (up to
10.000 m3).

* Buffer tanks

* Peak load levelling
* Heat displacement
* Pond heat storage
» Accumulation tank

Hot water tank

-=======p Domestic water

-=======> Space heating

Domestic
hot water container

Figure 35 - Outline of a storage system for electricity and heat
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Figur 37 - Qutline of a heat storage pond



Technical description

DOMESTIC HOT WATER

« Figure 35 shows how heat storage can be
performed in a hot water heater. The container
is used to store hot water when the needs of
the building are low and supply hot water du-
ring peak load periods. In this way, the district
heating supply can provide a lower effect in the
peak load period and needs less grid capacity. A
bypass can be used to install a flow limitation
valve in the system which controls the supply
from the district heating and hereby optimize
the heat supply to the container. When energy
needs in the building are particularly high, the
bypass can be closed and so the flow from the
district heating is not limited.

SPACE HEATING

* Figure 36 also shows the space heating
system. It can use the mass of the building to
store energy.

» Room temperature can be raised and lowered
within a limit (e.g. + 1° C) over 4-6 hours.

*» The system can prioritize production of hot
water during peak load periods. The outlet
temperature can be controlled centrally to
raise or lower the temperature of the space
heating system.

« A floor heating system can contribute with
a higher storage potential than a radiator
facility, as the floor heat has a higher thermal
mass.

* The water temperature in the container shall
be high enough to provide hot water at 55° C.

» Hot water temperatures shall be raised to 60° C
to limit the risk of Legionella in the container.

* The water temperature in the circulation tube
shall be at least 50° C.

* The tank may also be connected to other heat
sources such as a heat pump, an electricity
cartridge or the solar collector. Thanks to stor-
age energy storage, domestic hot water can be
produced using alternative sources when it is
cheaper than using multiple heat

DOMESTIC HOT WATER

« Figure 37 shows the outline of a heat storage
pond where hot water can be stored for several
days.

* The bottom and sides of the pond are covered
with a membrane, while at the peak a layer
of insulation is used to reduce heat losses. A
vapor blockage is used to protect the insulati-
on from humidity.

« Warm water is stored at about 90° C [4].

* The sort of storage system has been carried
out to increase energy flexibility in a district
heating grid.

* The economy of a heat storage pond is of re-
levance when the system is used as a day and
week storage and only to a very limited extent
for storage over several months [5].

* Heat loss may be lower than 10 % after a year
in service.

LARGE ACCUMULATIVE TANK

* Large accumulation tanks are usually construc-

ted in stainless steel.

» Hot water is stored at about 90° C. by conne-
cting accumulation tanks with heat pumps or
solar thermal heaters, hot water is reduced by
70-80° C [4].

Properties

Figure 38 shows a consumption profile of hot use
water from measurement data from 7 different
houses and is compared to Danish and European
standards. Two peak periods can be considered in
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Relative consumption

4,00

2,00
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» A normal storage period is between a few
hours up to a few weeks, but in smaller district
heating grids large accumulation tank can be
used as a seasonal storage facility [4].

working days, the first morning between 6 and
8, and the second one in the evening between 17
and 19, when the residents are expected to take
a bath.

— Work days
—Orher days

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour of the day

Figure 38 - Typical consumption profile of cold and hot water in a multi-family house on a day [2]
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ECONOMY

Typical yield

Equipment costs
(excl. VAT)

Installation costs
(excl. VAT)

Cost of operation and
service (excl. VAT)

Buffer tank 0.5-2
m3

Approx. 12.000-15.000
DKK/m3

Approx. 20-30% DKK
(proportion to total
costs)

Approx. 1-2 DKK/year
(proportion to total
costs)

Large accumulation
tanks [4] (50-10.000

Approx. 2.800-550
DKK/m3*

Approx. 1.200-200
DKK/m3*

Approx. 3,5 DKK/m3/
year

m3)

Figure 39 - Typical consumption profile of cold and hot water in a multi-family house on a day [2]

Similarly, graph 39 shows the consumption pro-
file of a multi-dwelling house (100 apartments).
The profile is more flat, with many peaks during
the day when residents are in a bath.

The integration of a hot water storage tank
may be used to smoothen peak loads. When heat
demand is low, it is possible to save energy used
afterwards during peak load periods.

If a hot water storage tank is installed in
domestic hot water, the multiple heat network
may deliver a more constant load on a day
without high peak load. Peak smoothing can help

to lower temperature and delta temperature in
multi-thermal supply, with fewer problems with
capacity in the wiring.

Large accumulation tanks and steam storage
may be used in periods of high consumption
in the course of the winter when the outdoor

temperature is lower. An accumulation tank may

be charged when outdoor temperature is higher
and heat consumption is lower. Afterwards, hot

water may be used for a different time in order to

obtain weather-related conditions.

Dam heat stor- Approx. 270-150 DKK/
age [4] (50.000- m3*

500.000 m3)

Approx. 90-50 DKK/ Approx. 1,5 DKK/m3/
m3* year

ADVANTACGES

DISADVANTACGES

+ Smart-grid options

- Demands a fine tuning after installation

+ Lower impact of the district heating system

- A dam water storage demands a large area

+ A larger proportion of the heat can be covered
with focus on base and midd loads

- A dam water starage includes a huge invest-
ment

+ Higher energiflexibility in barth shorter and
longer periods.

- Risk concerning the building of the system
due to leakages in the membrane

+ A dam water installation is a cost effective
solution concerning larger heat storage
facilities

- High loss of heat from a accumulation tank
(heat losses are higher than in a accumulati-
iion tank than in a dam storage compared to
volume)

+ A large acckumulation tank involves lover
insvestments than a dam water storage

Danish prices in 2020
* The system's size affects the costs

INSTALLATION REQUIREMENTS

* Hot water storage tank
« Flow limitation valve
« Control and valves

Examples

SUPPLIERS

« Frese ventiler

References

INSTALLATIONS
« Trigeparken i Aarhus [3]

[1] Jensen, R.L., Ngrgaard, J., Daniels, 0., & June, R.0. (2011). Person og forbrugsprofiler:
bygningsintegreret energiforsyning. Aalborg: Aalborg Universitet. Institut for Byggeri og Anlzeg.

(DCE Technical Reports; Nr. 69).

[2] NYKVIST, A. (2012). Varmeatervinning ur spillvatten i befintliga flerbostadshus.

[3] Ready project website. Available online: http: //www.smartcity-ready.eu/

[4] The Danish Energy Agency and Energinet 2018. Technology catalogue for energy storage.
Available online: https: //ens.dk/service/fremskrivninger-analyser-modeller/teknologikataloger/

teknologikatalog-energilagring

[5 Vestegnens Kraftvarmeselskab 1/S (VEKS) og Hagje Taastrup Fjernvarme a.m.b.a. 2017,
Varmelager i Hgje Taastrup. Available online: https: //www.htk.dk/~/media/ESDH/

committees/22/2488/30909.ashx




COMBINATION OF ELECTRICITY BASED TRANSPORT
AND USE OF BATTERIES FOR FLEXIBILITY

It is expected that, due to the green transition,
more electric cars will connect to the electricity
grid in the early days. The higher number of
electric vehicles will increase electricity con-
sumption and therefore smart charging is to be
carried out in order to reduce the risk of possible
options with the electricity supply compared to
a higher point of the load. In addition, batteries
can be used to balance the grid and supply pow-
er during peak periods. The battery of an electric
car is typically 20 to 60 kwWh (of which 50 % can
be made available to the Energy Community).

Electric car 1

—_—

*Illllllllllllllb
Control communication

The broader discussion in the media is very

focused on grid reinforcement. At least electric
vehicles can exploit locally integrated solutions
for electricity generation and consumption, and
in this area the capacity issue could be reduced.

* Electric means of transport
* Electric cars

* Batteries

* Local governance

*V2G

Charging station 1

@ <:| Power grid
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& management

Figur 40 - Outline of a charging station for electric cars with ON/OFF-control

Electric car 2

Control communication

Charging station 1

@ <:> Power grid

TL [e=> onvor

m management

Figure 41- Outline of a charging station for electric cars with smart control (V2G - vehicle-to-grid technology), the car

can charge as well as deliver electricity back to the grid.

Technical description

Local electric car charging is usually carried out in
private areas, while in public recharging points there is
usually no single site management system.

* Figure 40 shows an opportunity to guide
electric car batteries locally with a recharging
point. Allow the pump to be equipped with an
ON/OFF governance system to check when the
electric vehicle can be charged. Communication
between the charger and the electric caris to
be carried out on both roads. On the contrary,
the charger may only charge the electric vehicle
while the electric vehicle cannot supply power
to power grids. The consumer may choose a
charging meeting that can optimize power
consumption, for example at night when the
price of electricity is lower. If you choose to
charge the electric car during a peak load peri-
od, you will pay higher fees.

FOR PRIVATE INSTALLATIONS

» Normal recharging point: A recharging point
capable of carrying forward a power of not more
than 22 kW, excluding devices with an output of
less than or equal to 3.7 kW, which are installed
in private homes or whose primary purpose is
not to charge electric vehicles and which are not
accessible to the public. A normal recharging
point shall at least be equipped with socket
outlets or Type-2 connectors for vehicles as
described in standard EN 62196-2: 2017 [2] [3].

* Primary power recharging point: A recharging
point that allows for the transmission of power
exceeding 22 kW, excluding devices installed in
private homes or whose primary purpose is

FOR PUBLIC INSTALLATION

« Charging points for motor vehicles: normal AC
power recharging points for electric vehicles
must for interoperability purposes at least be
fitted with socket outlets or vehicle connectors

» As shown in Figure 41, recharging points can be
carried out with a smart management system.
The charger and the car will communicate both
ways to manage the charging process, but in
this case the electric vehicle can provide power
to the electricity grid. Technocratic logic is
called V2G (vehicle-to-grid). The batteries of
electric vehicles can be used to provide power,
for example during peak load periods, and they
can be charged when the electricity demand
and the electricity price are low. The system re-
quires specific installations, both in recharging
and electric cars (today, only Nissan Leaf ready
for V2G control [1]).

The installation of a charging system shall com-
ply with the requirements defined by [3] [4].

not to recharge electric cars and which is not
accessible to the public. The minimum power
converter recharging points shall at least be
equipped with socket-outlet or Type 2 connector
for vehicles as described in standard EN 62196-
2: 2017 If direct current is used, high power DC
power recharging points shall be equipped with
connectors of the combined charging system
“Combo 2" as described in standard EN 62196-3
[2] [3] at least be fitted with socket outlets

or vehicle connectors of Type 2 as described in
standard EN 62196-2: 2017. These socket outlets
can be fitted with features such as mechanical
closure mechanism, while maintaining the Type
2 compatibility [2] [3].

of Type 2 as described in standard EN 62196-2:
2017. These sockets can be complemented with
functions like mechanical closing mechanisms
at the same time as Type-2 compatibility is
maintained [2] [3].



« High power recharging points for motor
vehicles: Power converter recharging points
for electric vehicles must for interoperability
purposes at least be equipped with Type 2 con-
nectors as described in standard EN 62196-2:
2017. Direct Current (DC) high power recharging
points for electric vehicles must for interope-
rability purposes at least be equipped with
the combined charging system “Combo 2" as
described in standard EN 62196-3 [2] [3].

» Normal power charging point have the effect
of 3.7 kW =11 kW — 22 kW, even though 22 kW
is normally not yet installed in households.

« Batteries for electric car scan be used to
optimize power production from a solar PV
installation and to store surplus production.

Properties

Figure 43 shows a simple representation of the
development of power consumption when many
electric cars are connected to the electricity grid.
If many electric vehicles are charged at the same
time, the power demand may increase and it
may cause problems with the supply of elec-
tricity. Smart control of electric cars can decide
when they are charged, and the batteries can
also be used to feed power back to the grid and
reduce peak loads.

Power consumed Power consumed

__Power grid

_....'/\éap;a-tity

« Different connectors exist between electric
cars and charging station as shown in Figure
42. Besides the diffent connector typer also
different modes of charging must be conside-
red [7].

Figur 42 - Different technical forms of electric car char-
ging contacts. Source: https: //fdel.dk/guides/ charge

It may be of interest to the electricity grid
company to have the possibility to draw on the
capacity of the battery to balance the load of
the battery and it has a value that can be trans-
lated into money.

Figure 44 shows an example of the charging
profile by inflexible charging, where the charg-
ing profile of electric vehicles is independent of
time-differential neither price signals from both
the electricity market and the electricity grid or

Power consumed

. Power grid
capacity

v

Scenario today - Scenario with many cars mmp  Scenario with smart control

Figur 43 - Expected power consumption with many electric cars connected to the electricity grid

in other way are influenced by capacity restric-
tions of the electricity grid, e.g. limiting charging
power in peak load situations [9].

In the case of inflexible charging, it is pos-
sible that all electric cars can recharge at the
same time and at times of the day when the
need for the prefect is most needed. In order to
avoid break downs it is therefore necessary to
scale the electricity grid with a certain margin
of security, which should take into account a
number of extreme cases [9].

Figure 45 shows an example of the charging
profile in the case of flexible charging, where
the charging of electric cars takes into account
both the electricity grid and the electricity price.
Charging of electric vehicles is flexible and can

Max. Load per hour

be moved for other periods of the day. For the

flexible charging, the following advances have

been used:

* The car owners are willing to switch the char-
ging of the electric vehicle to times when the
general electricity consumption is low or to
limit the rate of charge during periods of time
during which the capacity of the network is
challenged.

« Charging shall be managed in such a way that
the increase in peak power from each house-
hold is limited.

* The peak effect of each household rises twice
as fast as the energy demand (equivalent
to around 15 % of electric cars being heated
during the boiling peak) [3].

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

mmm Normal consumption Electric cars (inflexible chariging) = = Grid capacity

Figure 44 - Charging with inflexible charging (in single family housing area) [9]
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mmm Normal consumption Electric cars (inflexible chariging) == == Grid capacity

Figure 45 - Charging with flexible charging (in a single family housing area with 48 villas without electric heating,

3.7 kW charging effect per car) [9]



In the flexible scenario, it is assumed that the
peak in urban areas is primarily a matter of
fast and quick charging. It is assumed that the
charging is inflexible as the charging require-
ments are not acute. The charging profile of
fast charging stations is assumed to follow the
use patterns seen for standard urban petrol
stations. The general pattern of consumption
of service stations shows that they are mainly
used in the day and evenings, often with peak
periods when many are on their way to work or
returning home. Figure 46 shows the average
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Usage (normalized)

consumption pattern for 10 randomly selected
petrol stations in urban areas [9].

The consumption profile of an energy
community can be moved by means of a smart
control, so that it is done at times when there
is not a high load on the grid. In addition, an
energy community can choose both to control
the charging of electric vehicles in relation to
local energy production and, where appropriate,
to use electricity from the vehicle's batteries in
periods to compensate for high electricity prices.
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Figure 46 - Use pattern in city areas [9]

ADVANTAGES

DISADVANTAGES

+ Balancing the power grid

- Without management electric cars increase
the consumption of power

+ Reduces peak load needs

- Eventual need for grid-strengthening

+ Moving consumption and reach improved
energy efficiency of the power grid

+ Better utilisation of the solar PV facilities
production

+ From fossil fuel to CO2 -neutral driving

+ Reduce polution from transportation

+ Optimize/balance power production from
renewable sources

ECONOMY

Typical yield Equipment costs Installation costs Cost of operation and
(excl. VAT) (excl. VAT) service (excl. VAT)

3,7-22 kW From approx. 3.500 DKK Installation sosts are | Approx. 600 DKK/

(charging station) + dependent of the
approx. 1.500 DKK (type 2 | existing cabling
cables)

month based on sub-
scription

Danish prices in 2020

INSTALLATION REQUIREMENTS

« A recharging point must be installed;

* The security system

» Any upgrading of the electricity system.

« Cabling of new connections to the charging point

Examples

SUPPLIERS

« Nuvve « Parker project [5]

INSTALLATIONS

«E-on » Frederiksberg Forsyning [6]

« Clever
« Tesla
* lonity
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7 COMBINED SHOP COOLING AND HEAT RECOVERY

A cooling machine in combination with a heat * Heat recovery
recovery unit can be used by shop for cooling. * Shop cooling

The heat surplus in the process can be used for * Heat pump

hot water production, as well as for space heat- < District heating grid
ing in a building, or it can be turned to a multiple < Surplus heat
network. Typically, size is 15-70 kW but the plant

can be larger in larger stores.

Domestic hot
water container

District Hot
heating in water
Shop _ District
refrigerators Cooling heating out
and coolers machine
Circ.
-~
< Cold
\ % water

Figure 47 - Outline of a heat recovery installation with a cooling machine and a hot water container
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refrigerators Cooling Heat
and coolers machine recovery unit
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Figure 48 - Outline of a heat recovery installation with a cooling machine and a heat recovery unit



Figure 49 - Example of CO? cooling installation. Indoor unit (left) and outdoor unit (air cooled condenser) (right). Source:
JF keleteknik A/S

Figure 50 - Danfoss heat recovery unit (HRU) for heat recovery from a
cooling system (Source: https://
www.energy-supply.dk/announcement/ view/103768/
overskudsvarme_fra_koleanlaeg_bruges_som_fjernvarme)

Technical description

* A cooling system works with the same princip- in refrigeration systems sets limits on which
le as a heat pump, as it can pump heat from a coolants are to be used in relation to their ‘Glo-
cold reservoir to a heat reservaoir. bal Warming Potential (GWP)' effect. CO2 has

* Cooling equipment can be used as decentrali- therefore become a common refrigerant in the
zed heat sources by a district heating grid. refrigeration system, since GWP is lower than

* The heat from a shop cooling installation other refrigerants.
is available for the whole year, but it is not « All heat pumps with more than 1 kg of refri-
controlled by the heat demand of the buildings gerants must be inspected at least once a year.
or of the district heating system. For this The inspection and maintenance, etc. of the
reason, the system requires the integration of refrigeration equipment and heat pumps shall
a heat storage device. It can be carried out as be carried out by a person who has been given
a hot water storage tank (Figure 47) or a heat the necessary instructions, inspection and ser-
recovery unit (Figure 48) [1]. vice training. In the case of plants with more

* The heat recovery unit shown in Figure 50 than 2.5 kg of refrigerant, the annual inspecti-
must be used in combination with a cooling on shall be carried out by a certified technician
machine. The new EU regulation on F-gases from a registered refrigeration firm [3].
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Figure 51 - Principle of a Danfoss heat recovery unit (HRU) with indirect connection to the district heating [2]



« the heat storage unit allows heating to be
used with a time lag in relation to the start/
stop of the refrigeration equipment.

* By shunting using district heating indepen-
dence of the condenser temperature of the
refrigeration equipment.

ADVANTAGES

DISADVANTAGES

+ Utilises the excess heat/renewable energy

- Noise problems related to the outside part
(can be reduced using heat recovery unit)

+ Heat recovery from cooling installation

+ Excess heat can be used to complement the
need for heating in a building

+ The installation can operate as a decentral
heat source for the district heating grid

+ Heat recovery from shop cooling installation
can reduce the need for heating and reduce
the the environmental load

INSTALLATION REQUIREMENTS

Refrigerator (indoor)

« Connection to electricity grid

« Connection to the heat recovery unit

« Connection to the freezer or refrigerator
« Connection with the outdoor part

Refrigeration machine (outdoor)
« Connection to the indoor part

Heat recovery unit

» Heat pump connection
« If necessary, connection to the district heating

grid
ECONOMY
Typical yield Equipment costs Installation costs Cost of operation and
(excl. VAT) (excl. VAT) service (excl. VAT)
Heat recovery 49.000-108.000 DKK* | Approx. 50-100%* Approx. 1-2%* (relation to
unit 22-540 kW (relation to unit price) | unit price)

Danish prices in 2020

SUPPLIERS PLANT
» Danfoss » ABC Lavpris’ shop in Randers
« Alfa Laval/Cetetherm
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institutter/iti/forskning/nato+arw/literature/4th + generation + district + heating + 4gdh.pdf

[2] Danfoss datablad. HRU - Varmegenvindingsunit. http://hiti.danfoss.com/PCMPDF/VDMGD101_
HRU-heat-recovery-unit_1711.pdf

[3] Beskaftigelsesministeriet 2007. Bekendtggrelse om anvendelse af trykbaerende udstyr.
Available online: https://www.retsinformation.dk/Forms/



ADDITIONAL ELECTRICITY HEATING

OF DOMESTIC HOT WATER

Additional electric heating of hot water can be
installed as a combination of district heating
and another heat source using electricity to pro-
duce heat. The system may be equipped with an
electrical boiler or a heat pump and, if necessary,
a photovoltaic installation may be installed in
order to reduce operating costs. Typically, power
heat/heat pump 10-50 kW per apartment block
and photovoltaic installations, if any, are typical-
ly 100-300 m? per appartment block.

Solar PV installation

Electric
boiler

District heat in
Low temperature

District heat out

« Electric heating

» Domestic hot water;
* Electric boiler

» Heat pump

* Solar PV

Hot water
55/60°C

Circ.

Cold water

Figure 52 - Qutline of an electric heating system (electric boiler) for domestic hot water in interaction with district
heating. The picture on the right shows a 54 kW electrical heating system using 9x6 kW power units in a 2500 liter hot

water storage tank

Hot water
55/60°C
Control
District
heat in
District
heat out

Cold water

Heat pump
installation
+ build-in control

Solgp PMdnstalfation

@ ....................

Figure 53 - Outline of an electric heating pump (heat pump + el-cartridge) for domestic hot water in interaction with
district heating and, where appropriate, photovoltaic installations.

Technical description

* As shown in Figure 52, additional electrical he-
ating of hot water is provided in a tank where
an electrical boiler is installed to increase the
temperature of water in interaction with the
primary heat source (e.g. district heating). The
hot water container is used for peak loads. Hot
water may be stored when the consumption

is low and it can be supplied during high peak
periods.

The hot water storage tank reduces the
needed capacity of district heating pipes, but
increased heat loss has to be considered within
the buildings.

In a low temperature network, the district
heating can be used to heat hot water, while
the power boiler acts as a ‘supplementary
after-heater to satisfy the temperature requi-
rement.

In a general network, the power cartridge can
be used to provide (additional) heat when

the electricity price is low, e.g. when solar PV
power is in surplus.

« Usually electricity boilers have a high effect,
therefore the power supply company may
require an upgrade (main fuse).

 As shown in Figure 53, electric heaters can
be combined with a photovoltaic installation.
The installation can reduce operating costs,
as it produces cheaper electricity for electric
heating. It is expected that a battery pack is
also installed to save the current surplus. In
this way the electricity heating system can use
the flow of the photovoltaic installation during
periods when the installation is not produced
(e.g. at night).

A heat pump system can also be equipped
with a photovoltaic installation to generate
cheap power.

 Hot water storage tanks are usually built in
enameled steel and protected by an anode,
as it is cheaper than using stainless steel. Hot
water tanks are often carried out as modules
of 800-1000 liter for multi storage housing
blocks.



Properties

« Additional electricity heating for hot use water
is an interesting solution in an energy that
generates electricity from renewable energy
sources (e.g. wind turbines). When the elec-
tricity price is low, they can produce hot water
and save energy in hot water storage tanks and
implement a displacement of consumption.

» A heat pump can also be used as an al-
ternative heat source. As shown in Figure
53, domestic hot water is produced in two
different containers. The first is connected to

the district heating grid, while the other is con-
nected to the heat pump. When it is cheaper
to use power from the grid, the heat pump can
be used to produce hot water and save energy
in the container. On the other hand, district
heating can be used when it is cheaper than
using electric power. The heat pump is also
equipped with an electric boiler which can be
used in periods when the heat demand cannot
be satisfied by the heat pump.

ECONOMY

Typical yield Equipment costs Installation costs Cost of operation and
(excl. VAT) (excl. VAT) service (excl. VAT)

160 kwW* Approx. 45.000 Approx. 11.000 DKK* Fixed: 80 DKK/kW/ar*
(Expecte additional DKK* Variable: 7 DKK/MWh*
power based heating

of approx. 30%)

ADVANTAGES

DISADVANTAGES

+ An installation with only one electric boiler
has low investment and installation costs

- High energy price without solar PV panels

+ An installation with electric boiler can secure
a guarantee a higher flexibility than a heat
pump installation, as it is not dependent of a
heat source

- Risk of blackout or other problems related to
the power supply due to peak load needs

+ Can increase the energy flexibility of the
energy system

- The power system may need an upgrade

+ A heat pump installation can reduce opera-
tional costs, in case of high COP

+ Nasten alle materialer kan genbruges

INSTALLATION REQUIREMENTS

An electric heating system normally comprises

of a hot water tank placed in a technics room.

The tank is connected to heat sources and do-

mestic hot water supplies.

* Space to install the hot water tank

* In multistore buildings more tanks might be
needed

« Connection to the electricity system when an
electric boiler is installed, which might need
high effect from the power system and a
protection system

« Connection to the photovoltaic installations;

« Connection to district heating grid or a heat
pump facility including a pressure control
system

« Connection to the cold-water supply;

Danish prices in 2020

In the Technology Catalogue for individual heating systems the following directional data are provided. The figures refer
to a property with about 110 smaller apartments. The price level per installed kW can also be used for a larger installation
serving buildings 450 flats.

* data for a new building [2]: Area: 8.000 m. 2, heat consumption: 320 MWh/year; peak load (heat): 160 kW, 100 % of
hot water demand, 100 % of space heating needs

Examples

SUPPLIERS INSTALLATIONS

* Racell - Saphire Group « Trigeparken i Aarhus [3]
« Vdrmebaronen AB

* Metro Therm

References
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9 SOLAR HEAT ADDED TO THE HEATING SYSTEM

An energy community can produce part of its
heat demand, for example, using solar heating
plants which use solar power to produce heat
for space heating and domestic hot water. The
installation can be integrated in the building or
district level together with an additional heat
source (e.g. district heating) to ensure that the
heat demand is always covered. Typical instal-

Solar Thermal

lation size is 40-200 m2 thermal solar panels
placed on the roof of the apartment blocks,
preferably on roof surfaces turning south.

* Solar thermal

« District heating

* Space heating

» Domestic hot water

Hot water
55/60°C

District heat in

District heat out

Circ.

Cold water

Figure 54 - Outline of a solar thermal installation in combination with district heating to deliver domestic hot water.

The hot water is heated by two sources.

Hot water
55/60°C

Control

District Electric
heat in bailer
District

heat out
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Solar Thermal panels

Figure 55 - Outline of a solar thermal installation in combination with district heating. The solar collector heats water

in the container equipped also with an electric boiler.
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Figure 56 - Principle of a solar thermal installation in combination with district heating. Hot water is pre-heated by

solar panels through a heat exchanger
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Figure 57 - Principle of a solar thermal installation in combination with district heating and installation of district

heating units (Source: Alfa Laval)



Technical description

SOLAR THERMAL FACILITY

* A solar thermal facility is usually installed to
contribute to domestic hot water production.
But some installations can also be considered
for space heating.

* The solar panels are operating the best when
turned to the south, south-west or south-east,
with a slope of approx. 45 degrees. On flat
roofs, a support structure must be built to pro-
vide solar panels with the required gradient.
Solar panels must be placed avoiding shadows.

« If the roof is not suitable for the panels, a
renovation of the roof is needed. In addition,
consideration should be given to the fact that
the panels can result in collection of snow
during snowfall in the winter.

* The roof area must be large enough. A small
installation may not be able to pay off.

» The municipality can set rules for solar panels,
for example in relation to their reflectance.
Before installing solar panels, it is necessary to
contact the municipality and to check whether
there are special requirements in local plans,
heritage protection and servitudes (solar pa-
nels is available with anti-reflex treated glass).

* The building regulation puts demands on the
distance from neighbors (in particular for sing-
le family houses).

« A high service pressure reduces the risk of
boiling of the pipe water.

* The installation as shown in Figure 57 requires
the installation of district heating units in each
apartment and a main heat exchanger. Solar
heaters can contribute to both space heating
and domestic hot water production.

* Solar panels can also provide heat directly to
a district heating grid, but it can best pay off
if the district heating company owns the solar
thermal panels.

« In relation to the size of the solar panel, an
apartment block requires around 0.5-1 m2
(solar panels) per occupant. The price per m2
of the solar plant is lower in larger plants (> 40
m2).

The buildings installation size:

« Buffer tanks/hot water tanks are often
produced built as modules of 800-1000 liter.
This guarantees energy flexibility and peak
smoothening.

Properties

« Expected payback time in Denmark, 10-13
years.

* The performance of solar panels depends on
the weather, time of the year and orientation
of the solar collector.

INSTALLATION REQUIREMENTS

Solar thermal panel

« Connection to the heat container

« Circulation pump for solar thermal panel (frost-
free fluid)

« Solar panels should be securely attached to
the integral design in a way that does not
cause leakage in a roof or wall design

Container

« Connection to multiple heat
* Access to sanitary water

« Connection to solar collector

ADVANTAGES

DISADVANTAGES

+ Renewable energy

- Only focus on providing domestic hot water

+ Solar thermal panels can be integrated into
the city enviroment and can be used as part
of the buildings climate shield

- Most efficient in the summer period

+ In the summer can solar thermal provide
the complete energy needs

+ A large installation has lower costs than a
smaller one (per square meter)

+ Reduces operational costs




ECONOMY
Typical yield Equipment costs Installation costs Cost of operation and
(excl. VAT) (excl. VAT) service (excl. VAT)
140 kW* 392.000 DKK* 211.000 DKK* Fixed: 2.900 DKK/ar*
Variable: - DKK/MWh*
140 kW** 358.000 DKK** 193.000 DKK** Fixed: 2.900 DKK/ar**
Variable: - DKK/MWh**

Danish prices in 2020

In the Technology Catalogue for individual heating systems the following directional data are provided. The figures refer
to a property with about 110 smaller apartments. The price level per installed k\W can also be used for larger installations
serving built areas of 450 flats.

* data for an existing building [2]: Area: 8.000 m 2 (approx. 110 smaller flats). Heat consumption: 960 MWh/year, peak load
(heat): 400 kW, Solar thermal panel area: 200 m?, typical solar panel output: 425 kWh/m?2, 65 % of hot water demand

** data for a new building [2]: Area: 8.000 m2 (approx. 110 smaller apartments), heat consumption: 320 MWh/year; peak
load (heat): 160 kW, solar thermal panel area: 200 m?, typical solar panel output: 450 kWh/m2, 65 % of hot water needs

ENVIRONMENTAL ASPECTS

» Almost all materials can be re-used * Requirements for the temperature in the do-
* The liquid used in the plant is normally to be mestic hot water container 55° C (occasionally
treated as low toxic chemical waste; up to 60-65 °C concerning Legionella)

Examples

SUPPLIERS EXISTING INSTALATIONS

* Batec-solvarme
e Arcon-Sunmark A/S

« Building blocks in the social housing sector

References

[1] Energistyrelsen. Solvarme. Tilgeengeligt online: https://sparenergi.dk/forbruger/varme/
solvarme#Husets%20egnethed

[2] Energistyrelsen and Energinet. 2016. Teknologikatalog for individuelle opvarmningsanlzeg.
Tilgaengeligt online: https://ens.dk/service/fremskrivninger-analyser-modeller/teknologikataloger/
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Appendix B

Proposals for standard statutes

A standard statute for an energy community
must include provisions on the participating
partners and their shared respaonsibility and
duties of the Community. On the basis of

the canclusions of the section on the ‘Energy
communities in company law’ (p. 31), two types
of companies that are particularly relevant for
energy communities

are selected:

* Cooperative

* Association

In the first - the Cooperative - there are a
number of provisions which provide the involved
partners with equal rights. Consequently, there
will be a need to regulate, for example, cost-al-
location as well as regulations of influence and
decision making etc. The second - the Asso-
ciation - provides more flexibility for how to
regulate with influence, decisions, etc.

CONTENTS

Statute for an association.........cccoevvvieeiiiiiee
Statute for a cooperative........cocooiviieiie

A statute must contain provisions on deci-
sion-making powers, directors’ liability and rules
for entering and leaving the community, as well
as ownership of joint facilities.

In addition, provisions must be made to
ensure the recognition of the energy community
in negotiations with authorities and common
suppliers on permits for installations and on
agreements concerning the use of common
transmission grids and on tariffs for the use of
these.

The two examples of statutes drawn up on
the following pages are not comprehensive in
their detail, but indicate the structure of the
statutes and the parts and articles. Their con-
tent will have to be detailed in accordance with
the specific energy community to which they
must apply.
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STANDARD STATUTES FOR AN ENERGY COMMUNITY

ORGANISED AS AN ECONOMIC ASSOCIATION (WITH LIMITED

LIABILITY) INCLUDING A GENERAL ASSEMBLY

§ 1. NAME AND REGISTERED
OFFICE OF THE Association

1.1 The Association name is a xx [1] limited responsibility
that is reduced as follows: xx (limited liability)

1.2 The registered office of the Association is established in
the municipality of xx.

§ 2. PURPOSE

2.1 The general objective of the Association is to provide the
members with the best possible [2]

2.2 As part of these objectives, the Association may
contribute to marketing, product development and market
development of xx [3]

2.3 The Association shall be independent of other organi-
zations, companies and public institutions and shall not be
subject to instructions from such if they are members of
the Association. Instructions can be given only to the mem-
ber of the Assaciation, who represents the organization,
the company and/or the public institution.

§ 3. MEMBERSHIP

ENROLMENT

3.1 As members may be enrolled persons, Associations,
housing societies, organizations, public institutions and
companies that are interested in and willing to work for
the purpose of the Assaciation. No applicants representing
professional actors with extensive commercial activities in
the energy sector may be admitted, including investments
in the energy sector.

3.2 The enrolment shall be made on the Association’s noti-
fication form. Membership is not valid until the applicant’s
membership is approved by the Management Board, [4]

[1] (name as decided at the general
assembly)

[2] e.g. production, including based on
renewable energy sources, distribution,
supply, consumption, aggregation, energy
storage, energy efficiency services or electric
vehicle charging services, or other energy
services - examples: (1) settle the production
of electricity produced from the photovoltaic
installation at (address) or wind turbines

at (address), (2) the purchase of renewable
energy from within the local area (organiza-
tion, address), (3) promoting the develop-
ment and the extent of local RES production
and the storage of RE - restricted as an
activity from within the local area.

[3] e.g. renewable energy

[4] and once the member has paid subs-
cription (if such is collected).

3.3 The Management Board of the Association decides
without appeal on whether an applicant satisfies the condi-
tions for enrolment.

3.4 Where a member sells, transfers or surrenders his asset
that forms part of the Association’s activities, [5] to anoth-
er, the new owner or user, with the consent of the Manage-
ment Board, may be subrogated to rights and obligations
towards the Association. When the transfer is properly
documented and consent is taken by the Management
Board, the seller/transferor or lessor shall be exempted
from her obligations.

3.5 If an asset is operated jointly by 2 or mare legal persons,
either directly or in the form of a company, membership
can only be achieved jointly and severally (as one member).
Owners or users shall then appoint an authorized to exer-
cise the voice and voting rights in the Association.

RESIGNATION AND EXCLUSION

3.6 Membership may cease at the end of an accounting
year in such a way that a member notifies, in writing and
at least 6 months’ notice, that it would withdraw from the
Association.

3.7 The Management Board may, on appeal to the general
assembly with 2/3 majority, decide to exclude a member
who does not fulfil the obligations imposed by the mem-
bership obligations or who is acting to the detriment of the
Association.

3.8 Members who no longer fulfil the conditions for
membership can be excluded by the Management Board’s
decision.

3.9 If an excluded member wishes to bring the exclusion
to the next general assembly this must be done by written
notice to the Management Board submitted within a period
of T months after the exclusion is notified in writing to the
member concerned. In the period of the member’s exclu-
sion and until the general assembly, a member may not
make use of the membership.

3.10 In the event of resignation or exclusion, the member
shall have no claims in the assets of the Association.

3.11 The member is obliged to comply with the statutes of
the Association and comply with its purpose.

[5] (e.g. PV or battery)

121
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§ 4. REVENUE

(AND TURNOVER - see § 4, 3)

4.1 The income of the Association consists of [6]

4.2 The Management Board may propose to an ordinary as

well as to an extraordinary general assembly that a tempo-

rary increase in (subscription/quota) based on extraordinary
activities.

4.3 — to be inserted if the distribution is requested.[7]

§ 5. MANAGEMENT BOARD

TASK AND ELECTION

5.1 The day-to-day management of the Assaociation is main-
tained by the Management Board consisting of x persons.
The Management Board is responsible for the activities of
the Association in relation to the existing legislation, the
present statutes and the decisions made by the general
assembly.

5.2 Members of the Management Board are elected for 2
years at any one time, x in one year and x in the follow-

ing year. As far as possible, it must be ensured that the
different categories of members are represented on the
Management Board.

5.3 X alternate members shall be elected to enter the board
in the event of continued absence until the next general
assembly.

5.4 Only members may be elected to the Management
Board.

5.5 At the first meeting following the general assembly, the
Management Board shall constitute the board with a chair,
a vice-chair, a treasurer and a secretary. The vice-chair shall
act as chair in case of the absence of the chair.

§ 6. TASKS OF THE BOARD

6.1 The board shall adopt its rules of procedure.

6.2 Board meetings shall be held when the chair considers it
necessary or when x members of the board require.

6.3 The invitation shall include an agenda in writing.

6.4 The minutes of the boad meeting is a summary of the
decisions and must be signed by the members of the Man-
agement Board.

[6] Examples: (1) members shall pay a sub-
scription fee fixed by the general assembly.
The quota is collected before each financial
year; (2) members pay a rate per kWh gene-
rated/purchased/stored. The annual rate of
the ordinary general assembly. (3) return on
cash and cash equivalents; (4) an Associa-
tion contribution may also be agreed upon,
which must be decided upon in a provision
of the Associations’ regulations.

[7] In the event of a distribution of any
profits made by the Association, while it is
in operation, it must do so (1) with equal
shares in each of the participants, (2) in
proportion to the turnover achieved by each
of them with the fund. (The latter may

be used, for example, in the production of
electricity)

6.5 The Management Board takes a decision by simple
ballot, but shall have a quorum only when more than half of
the members of the Management Board are present. In the
event of a tie, the chair or the acting chair shall have the
casting vote. Vote may (not) be given by power of attorney.
6.6 The Management Board may, from among its mem-
bers, set up a business committee to act on behalf of the
Management Board in minor cases that cannot be post-
poned. It may also set up committees and working groups
for defined tasks.

6.7 The business committees’ arrangements must be
presented at the next meeting of the Management Board
for approval.

6.8 The Management Board may, where necessary, employ
paid labor.

6.9 The Management Board appoints/proposes candidates
for representation of the Association’s interests in compa-
nies and Associations.

§ 7. GENERAL ASSEMBLY

71 The ultimate authority of the Association is the general
assembly.

CONVOCATION

7.2 Ordinary general assemblies shall be held once a year in
xx month.[8]

7.3 Extraordinary general meetings may be summoned by
the Management Board of its own motion or at the request
of at least 1/5 of its members who shall submit a written
claim stating the motivated item for the agenda to be
handled.

74 In the latter case, the Management Board shall convene
the general assembly within a maximum of 1 month and
based on at least 14 days’ notice within 14 days from the
receipt of the written request by the members.

7.5 The call to an ordinary general and an extraordinary
assembly shall be distributed with at least 14 days’ and a
maximum of 1 months' notice.

7.6 The call shall contain the agenda, where the following
points are mandatory at ordinary general assemblies:

1. Nomination of the chairman and rapporteur.

2. Report of the Management Board on the previous year,
subject to approval by the general assembly.

[8] (typically not later than 5 months
after the end of the financial year)
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3. Presentation of a financial report including the decisions
to be made concerning balance/deficit, including a decision
on any distribution to members.[9]

4. Setting xx [10] with effect from the start of the next
calendar year.

5. The presentation of the budget to be approved by the
general assembly.

6. Proposals received.

7. Election of the Management Board and election of alter-
nate members.

8. Election of financial auditor.

9. Any other business

7.7 Proposals for consideration at the general assembly shall
be forwarded to the chair of the Management Board before
30 days prior to the assembly. The board shall forward
them to the members at least 14 days before the general
assembly.

7.8 The members of the Association entitled to attend the
general assembly are all members having a valid member
certificate documenting their access.

VOTING RIGHTS
7.9 Voters are members of the Association only and each
member has 1vote.

IMPLEMENTATION

710 Decisions at the general assembly are taken by a major-
ity among the votes of the members attending the assem-
bly and entitled to vote, unless otherwise provided by these
statutes. Each member may only hold a single proxy.

711 Votes shall be held in writing if only one of the members
present so wishes.

COMMUNICATION

712 The Management Board and, if applicable, the employ-
ees of the Assaciation are entitled to provide all commu-
nications, calls, collection, etc., in accordance with these
articles of Association, by digital mail, and documents may
be forwarded digitally, provided via the Association’s web-
site or by other means of file sharing on the internet.

713 The member must, if possible, provide the Manage-
ment Board and, where applicable, with an e-mail address
or corresponding digital contact address. The member shall
be responsible for informing the Management Board and

[3] In the case of a differentiated distri-
bution, for example calculated on the
exchange in relation to the Association, a
specific provision should be inserted - see
suggestionin § 4, 3.

[10] examples: subscription/kWh-quota
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any staff member of any changes to this information.

714 Notifications and documents sent to the e-mail address
or the corresponding digital contact address as commu-
nicated by the member, are considered delivered by the
Management Board to the member. Documents provided
on the Association’s website or via other file sharing on the
internet are to be considered correctly presented. In the
latter case, however, a digital message has to be sent to
the members with reference to documents presented at
home page/Internet.

715 Members without email addresses or without access

to the Internet will receive calls and materials per common
mail or registered mail.

716 The Management Board and eventual staff are, without
prejudice to the provisions of 712-15, entitled to provide
communications, etc. with regular or registered mail.

§ 8. ACCOUNTS AND ASSETS

8.1 The assets of the Association consist of the assets of
the Association, deducted any liabilities.

8.2 For the use of existing and future balance resulting
from the Association's activity can during xx years in ac-
cordance with the purpose of this Association be donated
to Assaciations, stakeholder organizations and corporations
to general environmental, social and/or other economic ac-
tivities within the Association’s field or remain in standing
in the Association, as long as this exists. Unused funds may
be carried over to the following financial year.

8.3 The financial year of the Association shall be the calen-
dar year.

8.4 The Assaciation's accounts shall be audited by a
registered or chartered accountant elected by the general
assembly if the assembly decides to appoint a financial
auditor.

§ 9. POWER TO BIND AND LIABILITY

9.1 The power to bind the Association rests [11]

9.2 The Management Board may grant procuration.

9.3 The Association is liable with all its assets with respect
to third parties and to its members.

9.4 There is no joint liability of the members of the Assacia-
tion for the Association’s obligations.

[11] examples: 1) of the entire Management
Board, 2) the chair and vice-chair together
with another member of the Management

Board).
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§ 10. CHANGES TO THE STATUTES
AND SUBSTANTIAL TRANSACTIONS

10.1 Amendments to these Statutes, including mergers
with other Associations, require the adoption of a general
assembly with 2/3 of the votes cast.

10.2 The admission of loans, the purchase, sale and
rehypothecation of assets, as well as any other material
business and transaction relating to the Association, must
be approved by the general assembly by at least 2/3 of the
votes cast at a meeting of the assembly.

§ 11. DISSOLUTION

11.1 The dissolution of the Association shall be subject to
decision by a general assembly with 2/3 majority among

all members. If this majority is not achieved, the Manage-
ment Board is entitled to convene a new general assembly,
at which the dissolution can be adopted by 2/3 majority
among the members present.

11.2 At the dissolution of the Association, the assets of the
Association shall be distributed by decision of the general
assembly which definitively decides upon the dissolution of
the Association as follows:

a) The net assets - after all debts have been paid and other
commitments imposed by the Association - are allocated
to Assaciations, stakeholder organizations, corporations or
other legal entities for use in accardance with the objectives
as stated for this Association.

b) The net asset is donated to a charitable purpose (envi-
ronmental, social and/or economic).

) The net assets shall be distributed equally among the
members registered at the date of the general assembly
that finally decides on the dissolution of the Association.
11.3 The general assembly shall be free to decide on a full

or partial combination of the conditions of use referred to
above under points a, b and c above.

11.4 The general assembly shall elect 2 liguidators in charge
of dissolution of the Association.

§ 12. ARBITRATION

12.1 Any matter relating to the understanding of these
statutes, including the question whether or not there is a
breach of this statute, shall be subject to final arbitration in
accordance with the arbitration law at any time.

12.2 The arbitration tribunal shall operate according to the
following guidelines:

a) The party seeking arbitration shall notify the other party
in writing, by means of a simple letter, of the intention

to arbitration, the question to be referred to the arbitra-
tion tribunal, the pleas in law on which it is based and the
person whom it has chosen as an arbitrator. Within 14 days
of its receipt, the other party shall notify its appointed
arbitrator and give their allegations and objections. If the
time limit is exceeded the arbitrator is appointed by the at
any time being [12]

b) The arbitrators shall elect an independent arbitrator who
shall be a lawyer and president of the arbitral tribunal and
lay down the rules for the examination of the case. Howev-
er, each party must have the opportunity to put forward 2
written positions to the arbitral tribunal.

c) If the arbitrators cannot agree on the election of a middle
man within 14 days, this will be appointed by it at any time
being [13]

d) The order of the arbitral tribunal shall be final and bind-
ing on the pairs and the arbitral tribunal shall determine the
costs of the proceedings and their distribution between the
parties, taking into account the outcome of the proceed-
ings.

e) The proceedings before the arbitral tribunal and the arbi-
tration shall not be publicly available and the forum referred
toin that law shall be the registered office of the company.

These statutes are adopted at the inaugural
general assembly of the Association on xx
[signed by the chair of the meeting]
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[12] President of the Court of Appeal of
Eastern/Western Denmark or the District
Court of xx

[13] President of the Court of Appeal of
Eastern/Western Denmark or the District
Court of xx
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STANDARD STATUTES FOR AN ENERGY COMMUNITY

ORGANISED AS COOPERATIVE (A.M.B.A.)

INCLUDING A Members Council

§ 1. NAME AND REGISTERED OFFICE

111ts name is xx A.M.B, A (“Cooperative”).

1.2 The Cooperative is a limited liability Cooperative society.
1.3 The registered office of the Cooperative is established in
the municipality of xx.

§ 2. PURPOSE

21[1]

2.2 The Cooperative may also pursue the above objective,
directly or indirectly, in relation to and with natural or legal
persons who are not members of the Cooperative.

§ 3. MEMBERS

3.1 A member of the Cooperative is any natural or legal per-
son [2]. The composition of members of the Cooperative is
defined by principles laid down by the Management Board.
3.2 In their capacity as legal entities, companies, capital
companies, Associations and other similar forms of compa-
nies and Associations, as well as housing societies and the
autonomous departments of these organizations, each and
their own authorities and their own administrative units,
shall be regarded as separate legal persons.

3.3 If a member no longer satisfies the conditions for being
a member of the Cooperative, it must be excluded from the
date on which the conditions are no longer fulfilled.

3.4 A member cannot claim any part of the assets of the
company, including in case of withdrawal, irrespective of
reason. [3]

§ 4. LIABILITY OF MEMBERS

4.10nly the Cooperative's obligations are liable to the Co-
operatives’ assets. No member shall be liable for the obliga-
tions of the Cooperative.

[1] (for example, production, including
based on renewable energy sources, distri-
bution, supply, consumption, aggregation,

energy storage, energy efficiency services or
electric vehicle charging services, or provide
other energy services - examples: (1) settle
produced electricity produced from the
photovoltaic installation at (address) or
wind turbines at (address), (2) the purchase
of renewable energy from within the local
area (organization, address), (3) promoting
the development and the extent of local
RES production and the storage of RE -
restricted as an activity from within the
local area.

[2] examples: (1) a photovoltaic supply (PV)
has been installed, (2) there is an electricity
installation (meter) available (3) connected
to the common electricity grid, (4) a battery
for storing electricity has been installed, (5)

the supply electricity has been contracted.

[3] (however, see suggestion in § 9.3)

§ 5. CAPITAL MANAGEMENT

5.1 The Management Board shall ensure that the Coopera-
tive's capital response is solid at all times.

5.2 The capital needed to finance the business of the Coop-
erative which the Cooperative does not itself possess can
be made accessible by taking loans.

5.3 As security for the financing of the Cooperative's busi-
ness and security in accordance with § 5.2, the Cooperative
may utilize the assets of the Cooperative.

§ 6. MEMBERS COUNCIL

6.1 The Members Council is the highest authority of the
Cooperative and shall be composed of up to xx represent-
atives and up to xx alternate members for each electoral
area. The Cooperative’s supply area is divided in xx electoral
areas, aiming to ensure that each electoral area elects at
least xx and no more than xx members to the council. The
details of the electoral areas shall be in accordance with
the provisions of § 6.10. Representatives and alternate
members shall be elected by and among the Cooperative's
members.

6.2 The right to vote shall lie with any member of the Coop-
erative. Each member may give one vote [4].

6.3 Electable to the Members Council is any member of the
Cooperative. The right of the member of the Cooperative
to be elected may be transferred to a member of his or her
household or co-owner. If the member is a legal person, any
person who is a member of its senior management is elect-
able. A person may have only one candidature. A person
must be of adult age to be electable.

6.4 Employees of the Cooperative or of the Cooperative’s
external suppliers cannot be elected to the Members Coun-
cil.

6.5 The Cooperative operates independently of organiza-
tions, companies and public institutions and must not be
subject to general instructions from these in case they are
members of the Cooperatives. Instructions may be given
only to the member of the Cooperative representing the
organization, the company and/or the public institution.
6.6 Representatives shall be elected for x years at a time
and must take up duties at the ordinary Members Council
Meeting held after the elections to the Members Council.
6.7 The elections shall be held at the same time in all elec-
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[4] examples of an increased proportion of
votes are as follows: (1) where the member
has several meters; (2) if the member has
several photovoltaic installations; (3) if
the member has several storage facilities,
but there should be a maximum number
of vates for such members, stated by the
following addition: however, maximum

XX votes.
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toral areas and shall be implemented at latest at the xx of
the election year.

6.8 If a representative does not (longer) satisfy the
conditions for being a representative, cf. §s 6.3-6.5 of the
Statutes, the representative must step back from the date
on which the conditions are not (longer) met and replaced
by an alternate member. The same applies if the represent-
ative withdraws for other reasons.

6.9 In the event of a serious breach by a representative of
his/her representative obligations, the Management Board
may decide to exclude him/her from the Members Council.
The excluded representative can request that the Man-
agement Board’s decision is presented at meeting of the
Members Council, in accordance with Paragraph 7.10.

6.10 The detailed electoral procedures and the definitive
breakdown of the electoral areas shall be determined in ac-
cordance with the provisions of the “Cooperatives Election
Provisions” to be attached as Annex 1to these Statutes.
Changes in these pravisions can only be made in accordance
with the rules in § 711 and 712.

§ 7. MEMBERS COUNCIL MEETING

71 The ordinary Members Council Meeting shall be held an-
nually no later than the end of May in the year in question.
7.2 Extraordinary Members Council meetings shall be held
when at least xx Management Board members find it nec-
essary or when at least xx representatives in the Members
Council send a written requests about this. Extraordinary
Members Council Meetings to address a particular topic
shall be convened by the Management Board at the latest
within xx weeks of receipt of the request.

7.3 All Mmbers Council Meetings must be convened by
letter, e-mail or any other electronic medium following the
decision of the Management Board. The call shall be sent
to each representative, with at least xx weeks and up to a
maximum of xx weeks' notice attached to the full agenda
and supporting documents, to be examined and, where
appropriate, to be approved at the meeting, as well as the
complete proposals (when relevant). However, the annual
accounts and the budget may be sent at the latest by the
xx days before the representative meeting. Extraordinary
meetings may be convened at shorter notice, which though
at least must be xx.

74 The agenda of the ordinary members meeting shall

include:

1. Election of a chair and rapporteur

2. Report by the Management Board on the Cooperative’s
activities in the past year

3. Submission of the audited annual report for approval

4. Decision on how outcomes are to be used (profit/loss)
5. Presentation of the next year's budget for approval

6. Consideration of proposals received from the represent-
atives

7. Election of Management Board members and alternate
members

8. Choice of auditor/chartered accountant

9. Any other business

Any proposal to be examined at the Members Council
Meeting shall be submitted in writing to the Management
Board in due time to allow the inclusion on the agenda of
the Members Council Meeting. In this respect, proposals
received by the Management Board before the end of (x
month) shall always be considered in time.

7.5 At a Members Council meeting, decisions can anly be
taken on the proposals that have been on the agenda

and amendments to these, unless all the representatives
are personally (without a power of attorney) present and
consent.

7.6 Minutes of the Members Council meeting have to be
taken to written protocol. The minutes must be signed

by the chair of the meeting. A representative who does
not agree with the decision made at the Members Council
Meeting is entitled to have additional remarks included in
the protocol. The minutes shall be circulated in copy to all
the representatives as soon as possible after the meeting.
The Members Council decides whether to publish the min-
utes in whole or in part.

7.7 The negotiations at the Members Council are chaired by
a chair, who must be elected by the Members Council. The
chair decides on all questions relating to the treatment,
vote and results of the present cases.

7.8 Each representative shall have one vote.

7.9 A representative may appear and vote through a single
proxy who is appointed representative. A representative
may only be mandated by one other representative. The
power of attorney, which may only be given to one specific
Members Council meeting, shall be written, dated, signed
by the principal and clear.

710 The matters handled at the Members Council are
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decided upon by a simple majority among the present
representatives (by appearance or represented by a power
of attorney), unless these statutes specify special votes. In
the event of a tie, the proposal shall be terminated, howev-
er the selection of the auditor can be handled by lot.

711 For the purposes of the adoption of a proposal to
change these statutes, voting provisions or the dissolution
of the Cooperative, at least two thirds of the representa-
tives are present (by appearance or by power of attorney)
at the Members Council meeting and that two thirds of the
representatives present at the meeting are voting in favor
of the proposal.

712 If, in connection with a proposal covered by § 7. 11, the
Members Council meeting does not represent at least two
thirds of the representatives but two thirds of the repre-
sentatives actually represented votes in favor of the pro-
posal, the meeting shall be convened at the earliest xx days
and no later than xx weeks thereafter, in which case the
proposal may be adopted by two-thirds of the votes cast,
irrespective of the number of present representatives.

§ 8. MANAGEMENT BOARD

8.1 The Cooperative is managed by a board which, under
the responsibility to the Members Council, is heading the
business and strategic management of the Cooperative and
ensures a sound organization of the Cooperative’s business.
8.2 The Management Board comprise of xx members and
up to xx alternate members, elected by and among the
representatives of the Members Council at the ordinary
Members Council meeting referred in § 7.4 for a period of xx
years at a time. Members of the Management Board shall
be elected for x years at any one time, x in one year and x in
the following year.

8.3 The Management Board constitutes itself at the first
board meeting following the election by appointing a chair
and a vice-chair.

8.4 The Management Board adopts by itself its rules of
procedure, which shall include the detailed provisions con-
vening meetings, the agenda and process of the meetings
as well as the activities of the Management Board. The
Management Board shall meet as often as necessary and,
moreover, when the chairman or the vice-chair considers it
necessary, or when xx members of the Management Board
SO requires.

8.5 Quorum of the Management Board demands that more
than half of the members of the board are present. Its de-
cisions are taken by a simple majority of votes. In the event
of a tie, the chair has the casting vote.

8.6 A protocol of the Management Board meetings must
be recorded. The minutes must be signed by all members
present. Members who are not present or present will have
to sign the protocol subsequently. A member of the Man-
agement Board who does not agree with the decision made
by the boards has the right to have his/her opinion entered
into the protocol.

8.7 The protocol must be available at any meeting of the
Management Board and any protocol input has to be signed
by all members of the board.

8.8 The Management Board may employ necessary assis-
tance.

§ 9. SPECIAL DECISIONS

9.1 Decisions to merge, divide or dissolve the Cooperative
demands qualified majority in the Members Council as
mentioned in the articles of § 711 and 712.

9.2 Other significant exceptional actions, including invest-
ments, divestments or liquidation of activities or assets,
require the adoption of the Members Council by a simple
majority of their representatives at the meeting, in accord-
ance with § 710.

9.3 [5] (to be inserted by a provision with any deletions)

§ 10. POWER TO BIND

10.1 The power to bind the Cooperative rests by the chair
and another board member in concert or by the entire Man-
agement Board.

10.2 The Management Board may grant procuration.

§ 11. ACCOUNTING AND FINANCIAL AUDIT

11.1 The Cooperative's financial year is the calendar year.
11.2 The annual report shall be audited by one of the
Members Council for one year at a time elected auditor or
chartered accountant.

§ 12. DISPOSITION OF PROFIT
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[5] At the discretion of the Management
Board, the settlement amount to members
shall be retained until 5 % of the amount
to an operation fund.

The amount withheld can be remunerated
with an interest rate set by the board. The
Management Board shall, when approving
the annual report, decide on a yearly basis
on whether to make payments from the
operation fund and on what amounts,
while, in the event of a resignation, the
operating fund for a member shall be paid
out over a maximum period of x years (the
amount of the specific annual payments
shall also be determined in the situation
of the Management Board each year as
described above). The decision of the
Management Board shall be approved by
the Members Council in the course of its
approval of the annual report, cf. § 74. In
the case of a member's commitment to the
Cooperative, it may be offset against the
members credit balance on the operating
funds” accounts. Assets and future profits
arising from the future operation of the
Cooperative may be given/donated over xx
years to Associations, stakeholder organi-
zations, corporations or other legal entities
for the performance of a task/activity that
is in line with the purpose of the Cooperati-
ve for general environmental, social and/or
economic activities within the Cooperative
field or to leave it in the Cooperative as long
as this exists. Unused funds may be carried
over to the following financial year.



12.1 Any profit in the Cooperative cannot be distributed
among the members but are to be used for the purpose of
the Cooperative.

Options 1to 12.1: The Members Council decides based on a
recommendation from the Management Board, disposition
of profits or losses. The Members Council decides, following
the recommendation of the Management Board, the distri-
bution to the members of the Cooperative. The distribution
to the members has to be in proportion to each member's
turnover in relation to the Cooperative.

Options 2 til 12.1: The Members Council, acting on a recom-
mendation from the Management Board, decides on the
disposition of profits or losses. The Members Council de-
cides, following the recommendation of the Management
Board, the distribution to members or the provision for
consolidation in accordance with § 9.3. Distribution to the
members has to be in proportion to the turnover of each
member in relation to the Cooperative.

§ 13. LIQUIDATION

13.1In case the conditions demand the Cooperative to be
dissolved, the Management Board must present a proposal
to that effect at a Members Council meeting.

13.2 A decision on dissolving the Cooperative by liqguidation
must be taken by the Members Council in accordance with
the same rules as amendments to the statutes referred to
in {71 and712.

13.3 The Members Council appoints one or more liquida-
tors to handle the dissolution of the Cooperative, to settle
the liability of the Cooperative and to the realization of its
assets.

13.4 If, after the Cooperative’s liabilities have been met,
assets remain, the Members Council decides on the use of
these assets within the scope of the Cooperative’s purpose,
without the option for the Members Council to distribute
the assets to members.

Alternative to 13.4: If, following the liquidation of the Coop-
erative’s liabilities, a profit remains, at first the members of
the Cooperative and eventual earlier members are paid for
the shares of the operating fund, cf. § 9.3 and 12.1 (alterna-
tives). In addition, any surplus beyond this must be distrib-
uted among the members in proportion to their turnover in
relation to the Cooperative which reflects the shares of the
operating fund, cf. § 9.3 and 12.1.
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