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Abstract: Collective self-consumption is called to be a crucial part of the current energy transition. In
addition to the advantages of individual self-consumption, the possibility of improving economic
feasibility exists. This paper shows how matching production and consumption loads increase
the rate of self-consumption. Still, how the electricity is distributed among a renewable energy
community’s prosumers would reduce the total costs of self-consumed energy. Possible criteria for
the allocation of the generated electricity among shareholders are analysed. The study also evaluates
the use of static and dynamic distribution coefficients, observing their results and applicability and
sorting them to maximise self-consumption participants’ savings. The results are questioned against
them and a reference scenario without shared self-consumption installation. As the exploitation of
renewable energy for self-consumption is closely linked to the energy market and regulations, the
analysis is based on a territorial case study. It is shown that the highest savings occur when electricity
is allocated following distribution coefficients that consider the customer’s energy consumption better
than investment participation or contracted power, even when the compensation of surpluses is added.
These criteria can accomplish technical and economic objectives and are introduced in regulations
that foster the requested changes in consumers’ behaviour and prosumers for sustainability.

Keywords: self-consumption; renewable energy; sharing criteria; resource savings

1. Introduction

Energy security and decarbonisation are the Leif Motive of the current energy transi-
tion process. Self-consumption with renewable energies is one of the most feasible strategies
in the short term. On the one hand, it responds to supplying reliable energy at affordable
prices and low carbon content. On the other hand, it relies on highly developed technolo-
gies, such as photovoltaics, with demonstrated success in micro-generation projects [1].
The main contribution of self-consumption to the traditional distributed generation is the
possibility of making transactions under specific rules with the electricity produced and
not consumed.

The macroeconomic benefits of self-consumption are clear. Properly planned self-
consumption with renewables will enable energy self-sufficiency with locally generated
electricity, contributing to a more sustainable and circular model. It is also an option to
fully integrate renewables in the grid and reduce the energy system’s general costs thanks
to optimising consumption and reducing the peaks produced by adjusting the loads.

Self-consumption will also attract investments in renewable energy and improve the
energy system’s efficiency, inducing socioeconomic benefits. Studies identifying barri-
ers and drivers of self-consumption [2–5] agree that regulatory aspects are essential to
their deployment.

Energies 2023, 16, 6564. https://doi.org/10.3390/en16186564 https://www.mdpi.com/journal/energies

https://doi.org/10.3390/en16186564
https://doi.org/10.3390/en16186564
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/energies
https://www.mdpi.com
https://orcid.org/0000-0002-6103-7136
https://orcid.org/0000-0002-9416-7391
https://orcid.org/0000-0002-7105-4618
https://doi.org/10.3390/en16186564
https://www.mdpi.com/journal/energies
https://www.mdpi.com/article/10.3390/en16186564?type=check_update&version=2


Energies 2023, 16, 6564 2 of 17

Self-consumption would contribute to the energy transition mainly with private
capital from small investors with lower expectations for their investment than companies.
Although there are many aspects of becoming a prosumer [6], the investment return still
has importance, but the inherent risk tends to be mitigated through cooperation [7].

Storage systems other than classical batteries to increase the degree of self-consumption
and decrease the operating costs of an installation have been scrutinised. For instance, the
use of electric vehicle batteries [8,9] or the aggregation of diverse consumers and shared
loads [10]. This idea matches the foundations of collective self-consumption.

As [11] showed, residential self-consumption could cover self-consumption ratios
between 15% and 56%, typically between 30% and 36%. Collective self-consumption should
improve these ratios by effectively replacing other consumers’ action measures such as
Demand Side Management or individual or collective storage.

Collective self-consumption (CSC) extends the limitation of a single site of electricity
production and consumption as in the individual self-consumption to incorporate various
prosumers operating under an energy-sharing principle. These projects do not run in a
closed circuit, like microgrid islands, but stay connected to the grid. Unlike virtual power
plants, CSC arranges that generation and consumption nodes are close.

Applying existing knowledge on individual self-consumption may help address the
promotion. Still, specific aspects will require different treatment, such as those relating to the
new business models and price systems derived from various stakeholders’ participation.

This paper introduces a set of criteria to estimate distribution coefficients and tests their
effectiveness in a specific case study. The paper evaluates static and dynamic distribution
coefficients for the first time, examining their outcomes and applicability closely. Moreover,
the study thoroughly analyses the impact of various allocation models on the economic
feasibility of electricity generated under different circumstances. In addition, the paper
reviews the anticipated attributes of a collective self-consumption project and suggests
that regulations should carefully consider such characteristics. The criteria outlined in
the paper effectively address both technical and economic objectives and, therefore, could
serve as a valuable tool in regulatory efforts to promote sustainable consumer behaviour
and prosumers. The study is based on a territorial case study and, thus, provides valuable
and practical insights into the feasibility of collective self-consumption.

The aim is to identify aspects that will be decisive in the decision-making process by
susceptible investor groups and analyse several allocation models’ effects on the generated
electricity on economic feasibility.

Although all these issues need to be strengthened by specific regulations currently
under development, studies such as this try to add new visions to the public debate based
on the prosumers.

The paper begins by reviewing the expected characteristics of a CSC project and how
the regulations should anticipate them. In particular, the issue related to the distribution of
self-produced energy is key to savings. Some criteria for estimating distribution coefficients
are introduced in Section 3 and tested for a case study in Section 4.

2. Review of Energy Collective Self-Consumption Status in Europe

The most extended CSC projects are based on a single installation collectively operated
on a multi-tenancy building [12,13].

Recent regulations have paved the way for projects based on sharing distributed
electricity generation installations among domestic consumers, companies, industries and
even local authorities and business models with peer-to-peer trades between shareholders.

As part of the Clean Energy Package (CEP), the Renewable Energy Directive (Directive
EU 2018/2001) introduced CSC (renewables-based) at the EU level through the definitions
of “renewable energy community” (art. 2.16) and “jointly acting renewable self-consumers”
(art. 2.15).

• ‘Renewable energy community’ means a legal entity, which, following the applicable
national law, is based on open and voluntary participation, is autonomous and is



Energies 2023, 16, 6564 3 of 17

effectively controlled by shareholders. These community members are located in the
proximity of the renewable energy projects that are owned and developed by that
legal entity.

• ‘Jointly acting renewables self-consumers’ means a group of at least two renewables
self-consumers located in the same building or multi-apartment block.

The differences between energy communities and collective self-consumption are
threefold. First, the communities have increased empowerment concerning the scope of
generation and distribution facilities and infrastructure; second, with the predominant
aim of maximising the local interest and environmental and social sustainability of the
energy communities in the face of the fundamentally economic self-consumption and
social impacts [14]; and third, on a more restrictive applicability perimeter in collective
self-consumption, mainly limited supplies in the same building, condominium or located
in nearby locations.

In contrast to renewable energy cooperatives [15], CSC is an activity rather than
a different agent. The adaptation of the CSC activity in the energy system is going to
raise new challenges. As with individual self-consumption, the main determinants in
collective self-consumption are related to normative, technical and economic issues that are
frequently interrelated. Innovations linked to the sharing economy and information and
communication technologies are facilitating platforms for sharing the use of resources [16].

Regulation has to clarify the roles, duties, responsibilities and restrictions of the CSC
stakeholders (namely, the CSC entity, distribution system operator and national regulatory
authority). Concretely, it should regard the sharing and trading of self-consumed electricity
and how they should manage communication about energy data.

In contrast, regulation will not offer a stable and secure financial landscape for self-
consumption that will attract private investments and interest in the renewable industry
that could become a financial partner [17].

From the CEP release, national and regional regulations are evolving to address the
collective self-consumption sharing principle [18,19]. Despite the wide-ranging degree of
implementation reported by [20], regulations generally focus on delimiting CSC operations’
scope and finding appropriate schemes for its deployment.

Unlike individual self-consumption, collective self-consumption has yet to be regu-
lated or has generally been incomplete in most European countries. Table 1 summarises
collective self-consumption legal status in the leading European economies (Germany,
United Kingdom, France, Italy and Spain). Portugal has also been incorporated for its
favourable location for deploying such facilities.

Regulations usually impose technical standards and rules that a CSC project must
accomplish. In addition to the technical limitation by which shareholders must be connected
to the same low-voltage sub-station, a maximum perimeter is sometimes set to ensure that
the production facility is close to consumption points, restricting any possibility of retailing.
Under the same idea, installed power can also be limited.

The question of the organisational and legal form also arises. As a collective prosumer
can be both owner and user, applying the business models for the sharing economy
identified by [21] can be inspirational but not straightforward.

After analysing the same examples of consumer (co-)ownership reported by [22], it
can be set that three figures can appear in shared self-consumption: The operator of the
installation, its owner and the associated self-consumers. The three agents may be different,
which facilitates several combinations: For example, a third party and investor can install
the self-consumption on the roof of the property from which the neighbours in their house
can take advantage, as well as the same community of neighbours by electrically feeding
the common areas, making the community, in turn, owner of the installation.
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Table 1. Regulations of collective self-consumption.

Portugal Spain Italy France Germany UK

Specific regulation? 1 Yes Yes Yes Yes Yes No

Installations
From 100 kW, approval
of the network operator

is required

Indoor or nearby
installation via a

network (less than 500 m,
connected to the same
transformer station or

same cadastral reference)

In the same building and
condominiums

Limited up to 200 kW.
Restricted to homes or

supplies with no
predominant commercial

or industrial use

Within the same low
voltage network, with

power and distance
limitations.

Need for an individual
meter to control shared

energy

In the same
multi-apartment

building.
Annual production and

maximum installed
renewable power must

be met

The use of the public
network for feeding

collective self-consumers
is prohibited.

Legal setup Not mandatory Not mandatory Through a private legal
contract.

A legal entity that
groups consumers and

producers

Energy distribution Distribution coefficients Distribution coefficients

The contract between
DSO (distribution

system operator) and
legal entity that groups

consumers and
producers of CSC

By agreement provided
by consumers

There are neither
barriers nor legislation to

support it

Possibility of selling
surplus Yes Yes Yes Yes Yes Yes

Incentives No No
It contemplates a

premium to shared
energy paid by the DSO

They receive the same
sales incentives as

individual
self-consumers. On the
contrary, they must pay
40% of the toll to sustain

RES.

No

1 Sources: Portugal: DL 162/2019, 25 de outubro 2019. Decreto-Lei do autoconsumo coletivo e comunidades de energia aprovado em Conselho de Ministros. Spain: Real Decreto 244/2019,
de 5 de abril. Italy: Real Decreto 318/2020/R/eel delibera 4 agosto 2020. France: Code de l’énergie, art. 315-1 a 31.5-8. Germany: Erneuerbare-Energien-Geset, 2017. UK: Electricity Act
of 1989, y FIT regulations (Feed-in Tariffs Order, 2012; No. 2782). https://www.enea-consulting.com/wp-content/uploads/2020/07/ENEA_CollectiveSelfConsumption-web.pdf
(accessed on 1 July 2023).

https://www.enea-consulting.com/wp-content/uploads/2020/07/ENEA_CollectiveSelfConsumption-web.pdf
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According to European regulations, the installation operator registers the installation
and will receive financial compensation for unused surpluses discharged to the network.
For this reason, CSC shareholders must be organised in a legal representative entity (com-
pany, association, etc.) and sign contracts that support and define everything possible
between the parties. This legal entity will be the single point of contact with the network
operator and must take care of electricity and cash flows.

In that regard, the accessibility to energy consumption and production data is critical,
and the accurate tracking of electricity exchanges among prosumers and with the national
grid is essential. Sometimes, existing smart meters cannot manage the complexity of a
CSC project, and the installation of extra hardware could also be a financial barrier for
the consumer. Also, poor communications or low data granularity are real barriers to
deploying CSC.

Barone et al. [23] showed the feasibility of the proposed solution. They demonstrated
the effectiveness of combining smart metering and smart charging to increase the daily
synchronous self-consumption of the community.

According to the review by [24], “prosumer-based energy management and shar-
ing (PEMS) has enormous potential for cost savings, energy conservation and peak load
balancing”. However, they ask for some incentives and new protocols for success. Indepen-
dently from its architecture, an energy management system (EMS) requires an optimisation
method to reach its objective (decrease in energy costs, load shifting), and the recent de-
velopment of blockchain comes with some promising applications in the field of energy,
especially for collective self-consumption [4,25].

The economic viability of the CSC model is still crucial for its deployment. As with
individual self-consumption, it can be reached with low costs of self-consumed energy and
high self-consumption rates. On the one hand, the installation’s optimal size would be that
all the electricity generated was consumed instantly if its energy level cost, LCOE, is lower
than the grid’s electricity price. Storage can propel CSC’s added value by reducing peak
demand and network and generation costs.

In general, it is assumed that the installation has to be paid among all the shareholders
themselves; it depends on the business model that applies to the commercial exploitation
of the plant. The person who finances the installation will be an individual, a group or
a company, which will receive income depending on the yield given to the production
generated by the plant.

As in the first stage of energy efficiency technologies, the total cost of self-consumed
energy can be reduced through financial incentives, taxes or new tariffs that improve
the remuneration of excess electricity injected into the grid. However, considering that
surpluses have economic stimulus (FiT, premiums) or incentives such as the net balance
could give some financial risks.

Tenders or feed-in tariffs are more controllable and minimise potential windfall effects.
On the other hand, self-consumption rates can be increased by matching production
and consumption loads, which is straightforward with a CSC project that allows adding
participants with different demand and production curves.

However, a critical aspect of allocating production to each shareholder and com-
pensating for a collective self-consumption installation arises. Dehler et al. advise that
self-consumption solutions could lead to unfair distribution of network charges, taxes and
levies [26], which should be fixed. Determining the sharing scheme among prosumers is
critical to collective self-consumption deployment [18]. Distribution coefficients are critical
to the contractual part among shareholders because of their impact on the CSC facility’s
economic behaviour.

Distributed storage will play a crucial role in developing energy communities, bringing
economic benefits to market participants, including arbitrageurs, renewable producers,
consumers and prosumers and enhancing energy communities’ efficiency, resiliency and
profitability [27].
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It enables the integration of distributed–connected renewable plants and helps in the
optimal scheduling of energy flows within the community [28]. Adding storage devices to
electricity distribution networks increases the self-consumption of renewable energy. It can
enhance the profitability of projects, especially when deployed to provide stacked services
across the electricity supply chain [29].

However, incorporating self-consumption demand in prosumers’ economic dispatch
scheduling policy with energy storage and distributed energy sources presents modelling
challenges. Analysing the two scenarios separately and finding the optimal storage schedul-
ing strategy based on the sub-ranges of the feasible state of charge range of storage can
provide multistage decision-making guidance for prosumers [30]. Transactive control
frameworks for energy communities equipped with independent service-oriented energy
storage systems are needed.

These frameworks aim to optimise the scheduling of energy flows within the commu-
nity, making the energy supply more efficient for prosumers while creating a sustainable
and profitable business model for storage providers [31], as is the case of recharging elec-
tric vehicles (EVs) using the energy storage capabilities of long-term parked nonresident
EVs [32]. In the context of transactive energy systems, these frameworks enable the coordi-
nation and oversight required for intra-community trading and the utilisation of renewable
generation potentials [32,33]. They also address the challenges posed by the intermittence
of renewable energy sources and the mismatch with demand profiles, ensuring the opera-
tion and resiliency of the electrical grid [34]. Additionally, control technology is necessary
to establish the relationship between the energy community and the dispatch centre of the
distribution system operator. There are proposals for real-time decentralised demand-side
management systems that adjust the real-time residential load to follow a preplanned
day-ahead energy generation by the microgrid based on predicted customers’ aggregate
load. This helps balance the planned electricity generation and its real-time use [35].

Several studies [36,37] have shown that the performance of innovative control frame-
works for energy communities equipped with independent service-oriented energy storage
systems does not alter fairness at the community level, and no participant strongly benefits
from changing its strategy while compromising others’ welfare.

By incorporating control frameworks, energy communities can effectively manage and
leverage the flexibility of controllable energy resources, such as energy storage, to achieve
increased renewable self-consumption and reduced electricity costs.

This paper shows how matching production and consumption loads is vital to increas-
ing self-consumption. Still, how the electricity is distributed among a renewable energy
community’s prosumers would reduce the total costs of self-consumed energy.

The analysis shows the results of applying various coefficient allocation criteria, sorting
them to maximise self-consumption participants’ savings. In contrast to other studies, the
influence of individual electricity consumption behaviour and consumer preferences on
the individual benefit of a self-consumption system is considered.

The study does not include the hypothesis of using any storage, such as batteries, to
accumulate electricity not consumed instantly because of its current cost, above which it
would allow it to be monetised before the end of its useful life.

3. Review of Sharing Criteria

Table 1 shows that the distribution of energy generated among shareholders is consid-
ered in regulations as a necessary step for its final implementation. This allocation should
be established by the entity holding the asset or a pact after the legal company’s start-up
and before the entry into operation. For instance, an agreement that includes weighting
the distribution (through coefficients) of the electricity generated is compulsory in Spain
and Portugal.

Likewise, the selection of optimal distribution criteria that ensure a high on-site use of
the energy generated or more significant economic savings is also an analysis necessary to
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improve the development of shared self-consumption by producing an improvement in
investment indicators.

In the case of a collective installation, the distribution of the produced energy among
consumers is established by the distribution coefficients (the sum of which must be 1),
which allocate the energy measured by the generation meter among the participants in the
self-consumption project. In other words, distribution coefficients specify the proportion of
the energy generated at the shared installation that each consumer will receive:

G(i,t) = µ(i)·G(t) (1)

where:

• G(i,t) is the generated energy allocated to the consumer i at time t.
• G(t) is the total generated energy at time t.
• µ(i,t) sharing coefficient of energy generated for the consumer i at time t.

Sharing coefficients can be dynamic, that is, they change over time µ(i,t), or static if
they do not change µ(i).

It should be noted that this allocation is instead a physical distribution. Until man-
agement systems are not implemented, the energy generated will feed each consumer’s
electricity demand without meeting any restrictions. Subsequently, the reading agent will
apply that distribution in the corresponding measurements.

Several rational types of coefficients for the distribution of generated electricity among
shareholders can be considered:

A. Proportional to the individual investments in the CSC installation.
B. Proportional to individual contracted power.
C. Proportional to the individual percentages of the total energy consumed by the CSC

project during a year.
D. Proportional to the individual percentages on the total energy consumed by the CSC

project during periods with energy generation.
E. Proportional to the individual percentages on the costs of the energy consumed

during periods with energy generation.

It is expected that the criteria not indexed with energy consumption (criterion A and
partly criterion B) will not be a driver to find the energy and economic optimal of the
installation. The annual variability of the criteria based on the consumptions (C, D and E)
does not guarantee futures. Criterion D would prioritise the distribution to the consumer
of higher consumption during generation hours. Criterion E, indexed to electricity prices,
could overestimate lower rate customers (lower contracted power) since tolls and system
costs are higher at low voltage rates than high and lower power than higher. In addition,
this analysis involves a subjective element: The price of each customer’s electricity. That
depends on each customer’s capacity and interest to obtain a more or less competitive
price and the time the contract was negotiated. The latter factor is significant because the
duration of the supply contracts is annual. Consequently, in the case of non-alignment on
the start and end dates of the contract of all self-consumers, it determines that the analysis
carried out at the initial time is valid only for that time and unless all contracts are renewed
on the same dates.

The main concern is how distribution coefficients affect the installation’s economic
profitability. Thus, the research questions (RQ) are defined as follows:

• RQ1: What is the criterion that produces the highest savings?
• RQ2: Would savings improve with dynamic coefficients rather than static ones?
• RQ3: Is there a more equitable criterion?
• RQ4: By what criteria does the worst result get?

In order to find the most suitable distribution coefficients for the economic profitability
of a CSC project, a cost study is accomplished. The idea is to estimate the electricity’s
annual cost as purchased electricity from the grid. A group of prosumers will assume
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several allocation schemes for the generated electricity in the CSC installation in line with
previous studies [3,38].

As a first approach, the method does not consider the storage of the electricity not
consumed instantly and assumes that there are no restrictions or preconditions for the
distribution of energy taken into account or foreseen as frequent in the future.

For this purpose, the electricity production from a solar installation allocated to each
shareholder G(i,t) is compared to the actual consumption data of each shareholder D(i,t) on
a temporal basis.

When the individual demand D(i,t) is higher than the allocated generated electricity
G(i,t), the cost of the electricity from the grid is calculated considering the instant price for
each consumer PP(i,t):

[D(i, t)− µ(i, t)·G(t)]·PP(i, t) (2)

In periods without generation production G(t) = 0, all the electricity demand must be
covered by the grid, and the cost of the electricity for each participant will be estimated as
D(i,t)·PP(i,t)

If the installation is producing electricity G(t) 6= 0, self-consumed electricity SC can be
estimated as:

SC (i, t) = min[G(i, t), D(i, t)] (3)

Moreover, savings can be estimated from the purchase price PP(i,t), providing that it
could vary among consumers and periods:

Sav(i, t) = SC(i, t)·PP(i, t) (4)

If the individual demand D(i,t) is lower than the allocated generated electricity G(i,t),
there will be a surplus of generated electricity not consumed by the shareholders. The
so-called under-generated electricity (UG) can be estimated as follows:

UG(i, t) = µ(i, t)·G(t)− D(i, t) (5)

In an optimised self-consumption installation, the total produced energy must be
consumed locally, reducing surpluses and exports to the grid. The latter means that the
installed power must be adjusted to the consumers’ needs, and the produced electricity
must be adequately distributed to obtain the minimum value for UG(i,t). Searching the
minimum value for UG(i,t) could also be considered an optimisation criterion.

If this surplus could be sold or compensated at an agreed price, SP(i,t)

UG(i, t)·SP(i, t)

the total savings for each shareholder at any time would increase:

Sav(i, t) = SC (i, t)·PP(i, t) + UG(i, t)·SP(i, t) (6)

The above amounts can be integrated for all the self-consumption community members
and the whole year to obtain the following indicators for the CSC project:

- Total annual savings:

Annual savings = ∑
t

∑
i

SC (i, t)·PP(i, t) + UG(i, t)·SP(i, t) (7)

- The ratio of self-consumption:

SCR =
∑t ∑i SC(i, t)

∑t G(t)
(8)

- Ratio of self-sufficiency:



Energies 2023, 16, 6564 9 of 17

SSR =
∑t ∑i SC(i, t)
∑t ∑i D(i, t)

(9)

- Payback:

PB =
Installation cost
Annual savings

(10)

Table 2 summarises the equations to calculate the distribution coefficients according
to this model.

Table 2. Distribution criteria for generated electricity in a collective self-consumption project.

Criterion Distribution Coefficient

A. Proportional to the individual investments µ(i) = Inv(i)
∑i Inv(i)

B. Proportional to individual contracted power (CP) µ(i) = CP(i)
∑i CP(i)

C. Proportional to the total consumed energy µ(i) = ∑t D(i,t)
∑i ∑t D(i,t)

D. Proportional to the energy consumed in periods with energy generation µ(i) = ∑t D(i,t) − SC(i,t)
∑i ∑t D(i,t) − SC(i,t)

E. Proportional to energy costs in periods with energy generation µ(i) = ∑t [D(i,t) − SC(i,t)]·PP(i,t)
∑i ∑t [D(i,t) − SC(i,t)]·PP(i,t)

4. Case Study

Since the exploitation of renewable energy for self-consumption is closely linked to
the local energy market, Spain has been selected as a case study.

Spain was among the first movers to partially implement Article 21 of RED II with
the Royal Decree RD244/2019, published last April. It allows the CSC where more than
one consumer is associated with the same production facility. Moreover, the connection
between the production facility and the point of consumption must be either an internal
network or a direct line, a low-voltage network derived from the same substation in a
perimeter under 500 m.

In collective renewable self-consumption projects under RD244/2019, the production
of one single installation is shared among the associated consumers according to their
allocation criteria and communicated to the distribution company in charge of the energy
readings through the marketer with which each prosumer has signed the supply contract.

The distribution company reads the electricity produced by the self-consumption
installation on an hourly basis, allocates this production to each shareholder and makes the
hourly balance between consumption and production.

According to the resolution published by the Government (https://www.boe.es/
diario_boe/txt.php?id=BOE-A-2019-5089 (accessed on 1 July 2023)), Spanish prosumers
may be compensated by their electricity providers for the surpluses they inject into
the network.

The ratio definition is up to the self-consumption collective users. If such commu-
nication did not occur, the energy allocation would be proportional to each participant’s
contracted power against the total contracted power.

Currently, the Spanish regulations only allow static coefficients (fixed as a minimum
for a monthly tariff period) but open the door to dynamic coefficients able to be adapted to
hour, days, months or annual periods.

To illustrate the impact of the distribution coefficients on the economic feasibility of a
CSC installation, a shared self-consumption photovoltaic facility located in Zaragoza (Spain)
feeds connected supplies through a nearby network is used. The connection is that no tolls
or surcharges should be added to use the self-consuming power distribution network.

https://www.boe.es/diario_boe/txt.php?id=BOE-A-2019-5089
https://www.boe.es/diario_boe/txt.php?id=BOE-A-2019-5089
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(a) Design of the facility

A typical PV installation (crystalline silicon, due South) of 15 kW of installed power
has been modelled through PVGIS SARAH in an hourly resolution. The facility is located in
Zaragoza (41◦39′00′′ N 0◦53′00′′ O) with a performance ratio of 25%, generating 1535 kWh
per year.

(b) Shareholder typologies

The CSC project under study joins three prosumers with tariff and consumption
profiles according to Type A, B and C, respectively, as defined by the Spanish system
operator REE. Type A and B are domestic consumers with different tariffs (without and
with time discrimination), and Type C is commercial.

The hourly consumption profile is assumed to be the same as those established by the
Spanish system operator Red Eléctrica de España.

Table 3 summarises three customer types with pricing, power and consumption data.

Table 3. Consumption profiles of the prosumers in the case study.

Prosumer Contracted Power
(kW)

Annual
Consumption

kWh
(Year 2021)

Consumption Profile Tariff

Type A 4.4 3487

IDAE: Consumos del sector residencial en
España Consumos del sector residencial en

España: https://www.idae.es/uploads/
documentos/documentos_Documentacion_

Basica_Residencial_Unido_c93da537.pdf
(accessed on 1 July 2023).

2.0A

Type B 6.9 5629

IDAE: Consumos del sector residencial en
España Consumos del sector residencial en

España: https://www.idae.es/uploads/
documentos/documentos_Documentacion_

Basica_Residencial_Unido_c93da537.pdf
(accessed on 1 July 2023).

2.0DHA

Type C 15 47,790

Boletín de indicadores eléctricos. CNMC.
Enero 2020: https://www.cnmc.es/sites/

default/files/2820313_11.pdf (accessed on 1
July 2023).

3.0A

(c) Electricity prices:

The electricity prices used are competitive one by rate and period according to the
comparator of the National Commission on Markets and Competition, CNMC. These
prices do not include a power surcharge against regulated tolls to assure that the trading
company’s entire commercial margin is applied in terms of energy. Consequently, the
savings can be better analysed after the installation of self-consumption. The prices used in
the study are in Table 4.

Table 4. Electricity prices for the prosumers in the case study.

Prosumer Tariffs Period €/kWh

Type A 2.0A P1 0.1229

Type B 2.0DHA P1 0.145166
2.0DHA P2 0.07398

Type C
3.0A P1 0.101459
3.0A P2 0.08794
3.0A P3 0.064602

https://www.idae.es/uploads/documentos/documentos_Documentacion_Basica_Residencial_Unido_c93da537.pdf
https://www.idae.es/uploads/documentos/documentos_Documentacion_Basica_Residencial_Unido_c93da537.pdf
https://www.idae.es/uploads/documentos/documentos_Documentacion_Basica_Residencial_Unido_c93da537.pdf
https://www.idae.es/uploads/documentos/documentos_Documentacion_Basica_Residencial_Unido_c93da537.pdf
https://www.idae.es/uploads/documentos/documentos_Documentacion_Basica_Residencial_Unido_c93da537.pdf
https://www.idae.es/uploads/documentos/documentos_Documentacion_Basica_Residencial_Unido_c93da537.pdf
https://www.cnmc.es/sites/default/files/2820313_11.pdf
https://www.cnmc.es/sites/default/files/2820313_11.pdf
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Concerning surpluses, Spanish regulation allows collective self-consumption with or
without surpluses. There are two surplus valuation mechanisms: By simplified compensa-
tion in the invoice or by selling the excess production. Even with the possibility of receiving
income from the total surplus energy, this latter case is less likely for the case analysed by
the corporate, and tax obligations it requires. Consequently, customer-generated surpluses
are assumed to be repaid on the invoice using the simplified compensation mechanism.

The present analysis has considered a competitive price for non-self-consumption
surpluses of 0.049 €/kWh.

(d) Installation cost

The installation cost has been extrapolated from the experience acquired by an energy
company whose services are the execution of individual self-consumption turnkey projects
since 2015.

The cost of the considered installations is 16,500 €. It is supposed that this investment
is shared among the prosumers in percentages of 20%, 20% and 60%, respectively.

(e) Distribution coefficients:

Table 5 summarises the most relevant data, and Table 6 shows the calculated variables
to estimate the distribution coefficients.

Table 5. Data for the calculation of the distribution coefficients.

Prosumer
Annual

Demand
(kWh)

Annual Consumption
from the Public Grid

in P1
(kWh)

Annual Consumption
from the Public Grid

in P2
(kWh)

Annual Consumption
from the Public Grid

in P3
(kWh)

Type A 3487 1978 0 0

Type B 5629 1208 1300 0

Type C 47,790 6453 19,129 2958

TOTAL 56,906

Table 6. Data for the calculation of the investments.

Prosumer
(i)

% Investment
Inv(i)

Contracted
Power (kW)

CP(i)

Annual Demand
(kWh)
∑
t

D(i,t)

Electricity from
the Grid (kWh)
∑
t

D(i,t)−G(i,t)

Cost of the Electricity
from the Grid (€)

∑
t
[D(i,t)−G(i,t)]·PP(i,t)

Type A 20 4.6 3487 1978 243

Type B 20 6.9 5629 2508 271

Type C 60 15 47,790 28,540 2518

TOTAL 100 26.5 56,906 33,026 3042

After applying the equations in Table 2, distribution coefficients for the criteria A to
E are shown in Table 7. A reference scenario (Criterion 0) includes no self-consumption
installation for comparison. Criterion F, resulting from the arithmetic mean of criteria A to
E, is also included.
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Table 7. Distribution coefficients regarding studied criteria under a fixed annual coefficient scenario.

Criterion Criteria for Distribution Coefficients µ(A) µ(B) µ(C)

Criterion 0 Without self-consumption N/A N/A N/A

Criterion A Proportional to the individual investments 0.2 0.2 0.6

Criterion B Proportional to individual contracted power (CP) 0.17 0.26 0.57

Criterion C Proportional to the total consumed energy 0.06 0.10 0.84

Criterion D Proportional to the energy consumed in periods with energy generation 0.06 0.08 0.86

Criterion E Proportional to energy costs in periods with energy generation 0.08 0.09 0.83

Criterion F Average of coefficients A–E 0.11 0.15 0.74

According to the Spanish regulation, without notification of the distribution coeffi-
cients’ agreement, the distributor will calculate them, depending on the contracted power.

5. Results

Table 8 shows each shareholder’s annual electricity cost and the aggregate value under
a fixed yearly coefficient scenario.

Table 8. Annual costs of electricity under a fixed yearly coefficient scenario without compensation.

Prosumer Criterion 0 Criterion A Criterion B Criterion C Criterion D Criterion E Criterion F

Type A 428.49 219.32 222.85 271.29 273.25 252.08 255.48

Type B 580.22 361.23 354.78 392.59 413.21 399.97 394.13

Type C 4048.40 2800.29 2856.02 2418.73 2389.79 2429.60 3005.81

Total Cost 5057.11 3380.85 3433.64 3082.61 3076.25 3081.65 3655.43

They are the costs of buying grid electricity once the individual hourly demand
is covered by electricity generated in the self-consumption facility (free of charge) and
allocated according to the distribution criteria of Table 5.

Table 9 shows the economic savings in percentage with respect to the electricity
consumed cost without self-consumption (criterion 0).

Table 9. Percentage of savings under a fixed annual coefficient scenario.

Prosumer Criterion 0 Criterion A Criterion B Criterion C Criterion D Criterion E Criterion F

Type A 0% −49% −48% −37% −36% −41% −40%

Type B 0% −38% −39% −32% −29% −31% −32%

Type C 0% −31% −29% −40% −41% −40% −26%

Total
Reduction 0% −33.1% −32.1% −39.0% −39.2% −39.1% −27.7%

As is expected, as shown in Table 10, the higher the self-consumption ratio, the better
the return on investment.

Table 10. Payback analysis.

Criterion A Criterion B Criterion C Criterion D Criterion E Criterion F

Self-consumption ratio (%) 76 74 93 94 93 88

Payback (years) 8.3 8.4 7.8 7.8 7.8 7.9
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If the valorisation of surpluses is allowed and the compensation option is applied,
costs are slightly reduced, as shown in Table 11.

Table 11. Annual costs of electricity under a fixed yearly coefficient scenario with compensation.

Prosumer Criterion 0 Criterion A Criterion B Criterion C Criterion D Criterion E Criterion F

Type A 428.49 82.86 116.13 264.86 267.66 232.28 183.51

Type B 580.22 234.92 163.54 365.62 403.48 380.63 302.77

Type C 4048.40 2790.35 2849.56 2345.34 2304.45 2360.25 2518.52

Total Cost 5057.11 3108.13 3129.23 2975.82 2975.59 2973.16 3004.81

By applying fixed yearly coefficients, the best economic scenario is obtained if gener-
ated electricity is proportionally allocated to the energy consumed in periods with energy
generation and, only if compensation is allowed, to energy costs.

Spanish regulation also offers the possibility of varying the distribution coefficients
each month. Table 12 shows the coefficients calculated as proportional to each self-
consumer’s monthly energy consumed in periods with generation.

Table 12. Distribution coefficients regarding studied criteria under a fixed annual coefficient scenario.

January February March April May June July August September October November December

Prosumer
Type A 184 165 163 157 158 169 192 191 148 141 152 158

Prosumer
Type B 243 223 211 194 195 201 235 239 183 180 196 209

Prosumer
Type C 2309 2206 2219 2207 2403 2781 2987 2768 2394 2180 2082 2005

Total 2736 2594 2593 2558 2755 3151 3414 3198 2726 2501 2429 2372

Coef A 0.07 0.06 0.06 0.06 0.06 0.05 0.06 0.06 0.05 0.06 0.06 0.07

Coef B 0.09 0.09 0.08 0.08 0.07 0.06 0.07 0.07 0.07 0.07 0.08 0.09

Coef C 0.84 0.85 0.86 0.86 0.87 0.88 0.87 0.87 0.88 0.87 0.86 0.85

After applying the above monthly fixed distribution coefficients, the results obtained
are included in Table 13 under criterion G.

Table 13. Electricity costs after several criteria for the distribution coefficients.

Prosumer Criterion D Criterion E Criterion G Criterion H

Type A 267.66 232.28 267.36 265.45

Type B 403.48 380.63 402.44 405.41

Type C 2304.45 2360.25 2303.60 2301.49

Total Annual Cost 2975.59 2973.16 2973.39 2972.35

The potential incorporation of dynamic distribution coefficients has also been analysed.
In this case, hourly coefficients proportional to the energy consumed each hour by each
self-consumer are estimated. In this case, electricity costs are included in Table 12 under
the epigraph Criterion H.

Table 13 summarises the electricity costs in the best results for static coefficients (D
and E for yearly and G for monthly coefficients) and those for dynamic coefficients (H).

Based on the results obtained in the study, it is possible to establish a hierarchy
proposal in the criteria for distribution coefficients according to the raised savings, as
shown in Table 14.
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Table 14. Hierarchy proposal in criteria for the distribution coefficients.

Criterion Criteria for Distribution Coefficients

Criterion E Proportional to energy costs in periods with energy generation

Criterion D Proportional to the energy consumed in periods with energy generation

Criterion C Proportional to the total consumed energy

Criterion F Average of coefficients A-E

Criterion A Proportional to the individual investments

Criterion B Proportional to individual contracted power (CP)

Criterion 0 Without self-consumption

6. Conclusions

With the current Spanish regulatory development, the highest savings occur when
electricity is allocated following distribution coefficients that consider the customer’s
energy consumption, even when the compensation of surpluses is added. Among them
is the one that contemplates self-consumers’ consumption when there is a distributed
generation. Applying criteria that consider energy consumption allows one to obtain
overall savings higher than 4% compared to not having them (an approach that considers
energy consumption).

The study is based on a territorial case study in Spain, which may limit the gener-
alizability to other regions or countries with different energy markets and regulations.
However, findings can be applied to specific regulations currently under development
to be further strengthened to address the issues related to the energy distribution and
allocation models.

As stated, the paper does not consider using storage systems, such as batteries, to ac-
cumulate and monetise unused electricity, which could impact collective self-consumption
systems’ feasibility and economic benefits. Future studies can consider the storage of
electricity not consumed instantly and the potential restrictions or preconditions for the
distribution of energy, which may be frequent in the future.

The analysis makes it possible to conclude that applying variable coefficients (monthly
and time) yields the most significant difference in overall savings between the best criteria
by better adapting to overall consumption and improving the current situations’ criteria.
Consequently, regulations that will enhance the dynamism and flexibility in using such
coefficients will improve the techno-economic performance of the CSC installations.

Under a justice criterion, the scenario in which the distribution coefficients are constant
and proportional to the investment made by each client is the most equitable. It allows
the client to benefit from the investment made proportionately by shifting consumption to
generation hours as an equity approach.

Although objective and clear to customers, the contracted power selection criterion
provides the worst savings. The contracted power does not respond to optimal technical
and economical, which pushes the worst selection of coefficients and, consequently, the
worst operating scenario. It should be noted that this is the criterion for allocating subsidiary
coefficients in the current legislation in the absence of further communication.

The selection criteria differ depending on a global approach (the final result of the
installation), savings or individualised. Significantly, the best outcome for the type A
prosumer occurs when the highest distribution coefficient corresponds to the investment
proportional coefficient criterion (when recovering savings with simplified sur-plus com-
pensation), even if that criterion does not determine the optimal scenario in a global
approach. As a result, the criteria that provide the highest total savings only benefit some
self-consumers. There are criteria whose application determines more self-consumers with
more significant savings than they receive in the case of greater overall savings.

Even though other factors such as grid constraints, technical limitations and maximum
installed power are not considered in this approach, from the point of view of the allocation
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of electricity based on distribution coefficients, the above criteria can accomplish technical
and economic objectives and are suited to be introduced in regulations fostering the
requested changes in consumers’ behaviour and prosumers for sustainability.

While it is out of the scope of this paper, further research can be conducted to provide
a comprehensive analysis of the impact of individual electricity consumption behaviour
and consumer preferences on the benefits of self-consumption systems and strengthen
the identified aspects that are decisive in the decision-making process by susceptible
investor groups.

In addition, the potential challenges and limitations associated with the organisational
and legal forms of collective self-consumption projects could be further addressed, such
as the complexities of implementing sharing economy business models and the roles of
different stakeholders.

It can be noticed that the implementation of collective self-consumption projects will
impact the energy market, and regulations must be investigated from several perspectives to
understand their potential for promoting sustainability and changes in consumer behaviour.
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