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Abstract— The steadily increasing number of electric vehicles
(EVs) combined with the unbroken interest in energy
communities (ECs) opens a new field of business for charging
infrastructure providers (CIPs). Therefore, in a first step, this
work analyzes three different use cases of how a CIP could engage
with ECs: (i) as active EC member operating charging points, (ii)
as contractor (no active EC participation) for charging points, or
(iii) as active EC member operating charging points in
combination with battery storage. In a second step, based on these
use cases, the backbones of every business model (BM) are
elaborated in detail, namely pricing structures and resulting
revenue streams. To get a complete picture of a CIP’s BM, the
business model canvas (BMC) is used and applied to the first use
case. Results suggest that CIPs could generate sufficient revenue
streams for economically viable BMs. However, the economic
strength of such BMs depends significantly — among other things
-- on the pricing structure within an EC. This implies that CIPs’
revenue streams would differ for each EC, and can also change
over time, leading to a certain degree of uncertainty. However, it
is still expected that innovative CIPs will set foot in the field of
ECs, not least for reasons of exploiting first-mover market
benefits, marketing advantages and the chance to initiate novel
cooperations.
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[. INTRODUCTION

As a part of the Clean Energy for All Europeans Package of
2019 [1], Renewable Energy Communities (RECs) and Citizen
Energy Communities (CECs) have been introduced in the
Recast of the Renewable Energy Directive [2] and the
Electricity Market Directive [3], respectively. Based on these
EU-wide regulations, all member states were obliged to
transpose these guidelines into national legislation within 1-2
years. Since then, the adoption of energy communities (ECs) —
concepts that enable the sharing of energy between members on
a virtual (not physical) basis -- has flourished in some countries,
such as Austria. With increasing numbers of ECs operating,
novel opportunities for different stakeholders arise.
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At the same time, almost all EU member states account
increasing numbers of electric vehicles (EVs) [4] and charging
points [5]. In Austria, for example, an increase of EVs from
44,507 (end of 2020) [6] to more than 1.3 million [7] is
expected. Considering that a significant number of people live
in rent, and/or in multi-apartment buildings with limited
possibilities to install individual charging points, novel
solutions to address future needs are required. In this respect,
ECs could be one solution. If ECs would implement their own
EV charging infrastructure, or would have the possibility to co-
use charging points of conventional infrastructure providers,
EC members could increase their economic benefits by also
charging their EVs with cheaper energy from the EC. However,
ECs and their participants (mostly private households) might be
reluctant to invest in costly EV charging infrastructure (apart
from private home charging points) and act as charging
infrastructure providers themselves. This opens an opportunity
for professional charging infrastructure providers (CIPs),
willing to enter a new field of business. In this respect it is of
crucial importance to develop suitable business models (BMs)
for CIPs and so evaluate the economic potential of engaging
with ECs.

Therefore, this work analyzes three different use cases of how
a CIP could engage with ECs: (i) as active EC member, (ii) as
contractor, or (iii) as active EC member operating charging
points in combination with battery storage. Based on the use
cases, the backbones of every BM -- namely pricing structures
and resulting revenue streams -- are elaborated in detail to
derive conclusions regarding a BM|s economic viability. Also,
a complete business model canvas (BMC) is developed for the
first use case. Use cases are assumed for ECs as they would be
operated in Austria. A limitation of this work is that pricing
structures remain purely theoretical. However, a basis is
provided for optimization models to determine the optimal
price setting for both, ECs as well as CIPs.

II. STATE-OF-THE-ART

Integrating EVs in ECs has the potential to boost renewable
self-consumption [8]. However, in this respect, not only



development opportunities exist for EVs in the context of ECs,
but also challenges [9]. Focusing on the positive side,
integrating EVs in ECs could increase their flexibility
potential, which can have, among others, positive effects on
the overall energy system. Thus, Backe et al. [10] investigate
sector coupling between the central power system and ECs
with a specific focus on EVs. Srithapon et al. [11] propose an
energy management strategy to enhance the flexibility of ECs,
including the scheduling of EVs for charging and discharging.
Similarly, optimal energy scheduling for ECs considering high
EV penetration is investigated in [12], while [13] studies the
optimal management of an EC hosting a fleet of EVs. Using
game theory, Ref. [14] introduces a service-quality based
pricing approach for charging EVs in smart ECs, finding that
users' charging costs can be reduced by 16.39%. In Ref. [15],
advantages of integrating external EV owners into an existing
EC by using EC members' private home charging points during
their absence are evaluated.

In the recent past, a number of studies have researched
business models (BMs) in context of ECs. Kubli et al. [16]
identified 25 emerging BM design options for ECs and derived
a typology for tailored BM configuration. A comprehensive
overview of BMs for ECs is provided in [17], focusing on the
value proposition offered by these initiatives. Therefrom, eight
BM archetypes are identified based on EC drivers. lazzolino et
al. [18] identify key elements effecting a BM for energy
sharing specifically for residential end-users, while Ref. [19]
focuses on BMs based on households’ beliefs and preferences.
However, not only BMs for ECs themselves are of importance,
which is why authors of Ref. [20] propose BM approaches for
anumber of different EC stakeholders, while a BM specifically
for EC aggregators is developed by [21]. Also, BM archetypes
for different types of local energy market actors have been
investigated by [22].

The literature review shows that certain aspects of electric
mobility and EVs have been investigated in the EC context, as
have BMs for ECs and certain stakeholders. However, there is
a gap in research regarding BMs for EV charging infrastructure
providers operating in the field of ECs.

III. METHODOLOGY

An often-used method for BM development is the business
model canvas (BMC), which is shortly explained in Section
III.A. Section I1I.B analyses three possible use cases for CIPs’
engagement with ECs.

A. The cornerstones of business model development

The BMC [23] is a tool to develop detailed BMs and proposes
nine segments of investigation: Key partners, key activities,
key resources, value proposition, customer relationships,
channels, customer segments, cost structure and revenue
streams. In this work, the main focus lies on the core economic

part of any BM, namely revenue streams. Therefore, a detailed
analysis of three use cases for CIPs’ engagement with ECs is
conducted in Section IIIB, which provides the basis to
understand detailed relations and derive suitable pricing
structures in the following Section IV. These pricing structures
are then the backbone for all revenue streams.

B. Use cases for CIP engagement in ECs

1) CIP as EC participant

In this use case it is assumed that the CIP is an actual member
of the EC and brings in one or more charging points. From the
viewpoint of the EC, the charging points would be a seen as
“consumers”. Depending on a charging point’s load at
different points in time (in combination with other EC
participants’ demand), the available generation within the EC
is allocated accordingly'. Once energy has been allocated, two
situations can occur: Either a charging point’s load (and thus
the demand for charging an EV at a certain time-step) can be
covered, or there is a residual demand. The latter case requires
the CIP to supply the charging EVs with energy purchased
from a conventional energy supply company (ESCO), or
directly from the energy market. (If a CIP is a comparably “big
player”, it can be expected that they have direct market access
and do not need to use an ESCO as a “middle man” for energy
purchase). Moreover, it needs to be considered that a CIP
might be reluctant to limit the usage of their charging points to
EC members but would rather also allow for non-EC members
to charge their EVs. This leads to the situation that the CIP
would need to introduce different pricing modalities,
differentiating between EC members and others. With regard
to pricing, a two-stage situation emerges: Since the CIP is the
owner of the charging points, and also a member of the EC, the
CIP is billed for the amounts of energy obtained from the EC
(allocated based on static or dynamic distribution key). The
amounts of energy purchased from the EC are then ‘passed on’
to the charging EVs. In case an EC member charges their EV,
the EC energy price is charged with a certain profit offset for
the CIP. In case an external party charges their EV, the
conventional tariff (depending on the charging card that is
used) is charged. This situation is most favorable for the CIP,
since energy is bought comparably cheap from the EC, and
sold at a conventional tariff to an external party, resulting in a
higher profit margin for the CIP.

2) CIP as contractor for ECs
In this second use case — and in contrast to the first one -- the
CIPs themselves are not members of the EC. This brings the
advantage of reduced obligations towards the EC (e.g. such as
purchasing energy from the EC before further selling it to
charging infrastructure users, as described in Section 1)). The
charging points would be ‘owned’ by a member of the EC who
contracts the CIP for installation and operation. Also, the
‘owner’ of the charging points can decide whether access is

' In Austria, energy allocation is performed by the DSOs.
There is the choice between a static or dynamic allocation key.
In case of dynamic allocation, the total amount of generated
energy within the EC is allocated based on individual

participant’s load shares on the total EC load (per 15-min time-
step). In the case of static allocation, each participant receives
a fixed share of the available generation at each point in time.
Due to its higher efficiency, dynamic allocation is mostly used.



restricted to other EC members, or whether charging points can
be used by any EC-external entity as well. Anyways, the
charging point ‘owner’ would act as a consumer from the
viewpoint of the EC and would need to purchase energy from
the EC (if available) if EVs are charged, and then bill arising
costs to the charging entities. In case that EC members charge
their EVs (and EC generation is available), it would be
assumed that the ‘owner’ of the charging point (who is also an
EC member) passes on the cheap EC energy price, only with a
slight monetary offset due to additional expenditures towards
the CIP (e.g. contracting rates). In case that external entities
are also allowed to use the charging points, conventional
charging tariffs (depending on the charging card used) apply,
leading to a higher profit margin for the charging point ‘owner’
as well as the CIPs if cheaper energy from the EC is used for
charging.

3) CIP addionally operating a battery storage

This option builds upon the first use case (CIP as a member of
the EC); thus, all descriptions provided in Section III 1) are
also valid. However, in this case, the operation of a battery
storage is considered in addition: Since charging points are
often locations of high demand peaks, CIPs might need to
implement certain mechanisms to reduce such peaks in the
future. This future need could be combined with the currently
intensified discussions that ECs need to behave grid friendly
to some extent. Implementing a battery storage as a backup to
supply charging points during times of low EC generation has
the potential to enhance an EC’s self-consumption rates and
reduce charging demand peaks simultancously. The battery
would be seen as an additional metering point, acting as a
‘consumer’ during times of charging and as a ‘generator’
during times of discharging. In this respect, it is imperative to
ensure that the battery is only charged after the direct demands
of all other EC participants (including the charging points)
have been covered, since direct self-consumption is always the
most economic option. So, if all direct demands of the EC have
been covered, and there is still surplus generation available,
then the battery is charged. Similarly for discharging: The
battery is only discharged, if the directly (at a certain time-step)
available EC energy is already used up.

IV. RESULTS

The different use cases described in Section III B provide the
basis for deriving the economic cornerstones of BMs for CIPs.
Resulting pricing structures only focus on the energy
component of the electricity price and disregard grid charges,
taxes, and levies.

A. Pricing structure and possible revenue streams for a CIP
as EC participants

The situation elaborated in Section III B1) (Figure 1) results in
the following pricing logic for the participating entities: The
EC participants need to agree upon a price for selling and
purchasing energy within the EC (between peers) (pg¢). From
the viewpoint of an EC member who generates energy (e.g. PV
system installed), the EC energy price needs to be higher
compared to feed-in-tariffs (pp;r) offered by ESCOs. For a

consumer, the EC energy price needs to be cheaper compared
to conventional ESCOs supply offers (pgsco), see Eq. (1).
Prir < Pec < Pesco (1)

However, as soon as a CIP is included, a couple of additional
pricing constraints need to be considered: Since charging
points are also viewed as ‘consumers’, the EC energy price
should be cheaper compared to other sources of energy
purchase for the CIP, e.g. purchasing from energy markets

(pMarket)a see Eq- (2)

. Pec < Pmarket (2) . . . .
However, it can be expected that at certain points in time,

market prices will be cheaper than EC energy. Nevertheless,
an economically solid BM can still be achieved by CIPs since
EC energy prices are passed on (plus profit margin) to the
charging entities anyways. Simultaneously, it needs to be
ensured that EC members charge their EVs at a cheaper rate
(Pchge) compared to conventional charging offers (pcp,,,,) —
at least as long as energy from the EC is available for charging.
This implies that the sum of (i) the pure EC energy price (pg¢)
and (ii) the monetary offset (possset,,p) that is charged by the
CIP for their services within the EC — in total p¢, .. -- needs to
be cheaper than conventional charging offers, see Eq. (3)-(4).
pchEC < pchwm, (3)
Pchge = Pec t Doffsetcip 4)

Thus, it can be concluded that the BM of CIPs in this first use
case builds upon the following two pillars:

e  With regard to EC participants: Difference between

Pec and Pepg-
e  With regard to externals: Difference between pg. and
Dchgyr (conventional charging tariff).

The higher the price differences, the bigger the revenue stream
for the CIP, and the easier to recover costs for charging
infrastructure  implementation, operation, maintenance;
purchasing energy from the EC and billing; further software
development to distinguish between EC participants and
externals, as well as corresponding personnel costs.

P1—P4 ... Participants of the EC
CIP ... Charging Infrastructure Provider

BE)

Ext. ... externals (non-EC-members)
- cIp ;
/JQMEQ
P4

Bl &=

Pen ec

i \/irtual energy flows
monetary flows

Figure 1: Exemplary situation for a CIP as EC participant; showing
relations, virtual energy and monetary flows.



B. Pricing structure and possible revenue streams for a CIP
as contractor for ECs

Despite not being an actual member of the EC in this second
use case, a CIP’s BM still strongly depends on the pricing
situation of the EC and the charging point ‘owner’, who
contracts the CIP. The general pricing logic within the EC is
equal to the description in Section IV A.
Since the charging point ‘owner’ is an EC member, energy
from the EC (if available) can be purchased paying the EC
energy price. However, this EC energy price cannot be passed
on 1:1 to EC members charging their EVs, since the charging
point ‘owner’ also needs to pay a contracting rate to the CIP.
This contracting rate Peonerrate €an be included directly in the
EV charging rates for EC members, Eq. (5):

Pcnec = Pec t Pcontrrate (5)
(The similarity of Eq (5) to Eq. (4) is obvious. However, the
difference would lie in the height of the second pricing term,
since in the second use case the CIP is neither a member of the
EC, nor the ‘owner’ of the charging points.)
Simultaneously, it must be ensured that EC members who
charge their EVs at EC related charging points, pay a cheaper
rate (as long as EC energy is available) compared to a
conventional tariff (pcp,,,,) — Eq. (6):

pchEC < pchwm, (6)

For external users of the charging points, and also for EC
members in case no EC energy is available, conventional
charging tariffs (depending on the charging cards used) apply.
However, in case external users charge their EVs at points in
time where the charging point ‘owner’ is able to purchase
energy from the EC, the profit margin increases (since the
external users are still billed with conventional tariffs). In that
case, a part of this larger profit margin would be passed on the
CIP, enhancing revenue streams. The costs that need to be
covered by a CIP in this business case are similar to the ones
described in Section IVA, with the exception that now the CIP
is not responsible for purchasing energy from the EC (since
this is done by the ‘owner’ of the charging points, who is also
a member of the EC). The revenue streams of a CIP as
contractor arise as follows:

e From the contracting rate: The contracting rate can be
realized e.g. as a fixed fee per month, or, as suggested
in this case, dependent on the kilowatt-hours sold.

¢  From the price difference if externals use the charging
points paying conventional charging tariffs, while
cheap EC energy is available (additional revenues
passed on by the charging point ‘owner’ to the CIP).

C. Pricing structure and possible revenue streams for a CIP
addionally operating a battery storage

Including a battery storage as additional EC asset — in this case
exclusively used as backup supply for the charging points —
increases the level of complexity with regard to an
economically viable BM. In the case of CIPs who additionally
operate a battery storage (see Figure 2), it is assumed that they
also participate in the EC. Since the pricing logic of ECs,
including a participating CIP, has been explained before, this

section focuses solely on the pricing parts concerning the
battery storage acting as backup supply for charging points. In
case the battery is charged with energy from the EC, the CIP
would pay the EC energy price (Eq. (7)):
Pinstor = Prc ~ (7)
During times of none or insufficient EC generation, the storage
would be discharged to supply the charging points. The total
costs for EV charging for EC members (pChEC,stor)’ Eq. (8)—in
case energy from the storage is used -- would include (i) the
EC energy price pg (the rate at which the CIP purchased the
EC energy to charge the battery), (ii) a fee to account for the
monetary and non-monetary expenses of operating the battery
Popsror» @8 Well as (iii) some monetary compensation to
account for charging, stand-by and discharging losses
(Piossseor)» @nd, most naturally, (iv) some additional profit
margin (pOffSECC“J)'
pChEC,stor = Pec + p"pstor + plossstor + poffSEtCIP (8)

However, for EC members costs for EV charging — also when
energy comes from the battery storage -- would still need to be
lower compared to conventional charging tariffs (depending on
the charging card used), see Eq. (9).

pChEC < pChEC,stor < pChconv (9)
Letting also EC externals use the charging points makes the
business case of operating a battery storage easier for CIPs:
Externals are not subject to cheaper EC prices, but pay a
conventional tariff pcp.,, (depending on the charging card
used) also for amounts of energy that the CIP purchased from
the EC and stored in the battery storage. In total, the BM of
CIPs in this third use case builds upon four pillars:

e  With regard to EC participants:
o Difference between pgc and pep,..
o Difference between p;y_, . and Penye stor-
e  With regard to externals:

o Difference between pgc and pepy -

o Difference between py, . and Pepgyr-
The revenue streams derived from these price differences need
to cover all expenses related to charging infrastructure and
battery storage implementation, operation and maintenance.

if residual charging load == TRUE

Pen Ecstor

P5 —

 —1

\{ﬁ“/\ A

Pec

Provider

Pin_stor
cP /
P stor

members)

... Participants of the EC
... Charging Infrastructure

... externals (non-EC-

if surplus generation == TRUE

DI

Figure 2: Exemplary situation for a CIP as EC participant,
additionally operating a battery storage; showing relations, virtual
energy and monetary flows.

——— Virtual energy flows
monetary flows



D. Complete business model for the exemplary use case of a
CIP as EC participant

Figure 3 presents the BMCs’ segments key partners, key
activities and key resources, Figure 4 includes customer
relationships, customer segments and channels and Figure 5
completes the BMC with value proposition, cost structure and
revenue streams. Contents have been validated with actual
Austrian CIPs, wo are co-authoring this work.

Key Partners

= Multiple ECs to achieve .
economies of scale in the long
run (e.g. multiple different ECs
using the same charging
points)

= EC operators with easy access .
to all EC participants

= Third party service providers or
professional EC service
providers contracted to perform
the billing processes for ECs .

= Component suppliers

= Software developers for
additional software
development if necessary (e.g.
to clearly distinguish between
EC members and non-EC
members using the charging
infrastructure)

Key Activities

Developing software to
automatically bill charged
amounts of EC energy
differently to EC members than
to externals

Establish access to ECs,
service providers, EC
operators, official bodies
supporting ECs (e.g.
municipaiities, local actors)
Determine an easily adaptable
pricing structure for covering
investment expenditures,
maintenance & operation
efforts

Key Resources
+ ECs themselves

= Standard charging infrastructure
& related software

= Knowledge regarding EC
processes, operation, pricing

= Personel to support EC related
charging infrastrucutre

Figure 3: Part I of the BMC for the exemplary use case of a CIP
being an active member of an EC

/(;ustomer Relationships\ /Eustomer Segments \

Individual ECs, independent
of their legal personality (e.g.
associations,
cooperatives,....)

ECs engaging with multiple-
participation to enhance
economic benefits

- Taking on an active role in .
the EC by participating

= Personal or automatic
support mechanisms in case
of malfunction of the charging .
infrastructure

= Building trust: Transparent
billing process of EC energy .
and energy from other i
sources (e.g. energy

\ markets) /
{ Channels \l .

Information about a CIP's offers:

- Establish partnerships with
professional EC operators and
service providers to increase
range of reach

= Word-of-mouth advertising from
one EC to another

Private households
Entreprises

- Professional EC operators
and energy service providers
(e.g. to form long-term
cooperations and scale up)

Also possible, but farther
fetched:

- other CIPs without
knowledge in the EC sector
who also aim to enter this
market sector

- distribution system
operators in need of grid
friendly operation of ECs

= Collaborating with official bodies

\related to EC / \ /

Figure 4: Part 2 of the BMC for the exemplary use case of a CIP
being an active member of an EC

/ Value Proposition \

= Combined offer of planning, installing, and operating charging infrastructure for ECs,
while also being an EC member = intrinsic motiivation for a proper functioning of this
novel set-up
Through participation of CIP in an EC. increasing attractiveness of the EC for future
members due to advanced offers of EV charging
-» increasing economic benefits for all EC members
ECs well prepared for a future of increased flexibility demands (e.g. acting grid friendly
at certain times of the day)

\ Bringing general knowledge of diverse mobiliy aspects into ECs /

[ Cost Structure \

Ressource and personell costs for planning, implementing and maintaining novel
charging infrastructure to be used by EC members (but can also be used by externals)

Expenditures for the operation of these newly implemented charging points

= Costs for purchasing energy from the community

= Costs for billing the charged amounts of EC members -- if EC generation is available —
differently compared to conventional users (non-EC-members), which requires further
‘5\ software development, e.g. to ideniify EC members J

v,

-~ — ‘\
Revenue Streams \

= Rewvenues through non-EC-members: Selling cheaply purchased amounts of energy
from the EC (if EC generation is available) to non-EC-members charging their EVs at
a conventional rate (depending on the charging card in use) = higher profit margin

= Revenues through EC members: Selling EC energy (if EC generation is available)
further to the EC members charging their EVs including a certain profit margin

Indirect revenue stream: If EC energy is cheaper compared to other sources of energy

—

.

‘\ who use the charging infrastructure to compensate operational/maintenance efforts

N _

Figure 5: Part 3 of the BMC for the exemplary use case of a CIP
being an active member of an EC

V. CONCLUSIONS

This paper presents three different ways of CIP engagement in
ECs: (i) as active EC participant who operates charging
infrastructure, (ii) as contractor for charging infrastructure (not
participating in the EC), (iii) as active EC participant operating
charging infrastructure in combination with a battery storage.
Based on these use cases, the backbones of every BM are
elaborated in detail, namely pricing structures and resulting
revenue streams. To get a complete picture of a CIP’s BM, a
complete BMC is provided for the first use case.

The analysis in this paper showed that ECs could open an
economically viable field of business for CIPs, specifically
with regard to the progressing electrification in general, and
the probable future need of ECs to offer flexibility e.g. to
behave grid friendly to some extent. However, it also becomes
evident that a CIP’s BM, and specifically the necessary
revenue streams do strongly depend on the pricing structure of
the related ECs, conventional tariffs and, thus related, market
prices. Especially the pricing structures within the individual
ECs can differ significantly (since ECs can decide their
internal energy selling/purchasing price themselves) and might
also change over time, which is why CIPs cannot expect fixed
revenues of a certain height for each EC they engage with.
Thus, this situation is bound to comparably high uncertainties
for CIPs. However, still, it is expected that innovative CIPs
engage with ECs, not least due to a significant marketing
potential, which might open further novel possibilities.
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